
UnITS, PHYSICAL QIjAVMTIHS and Vectors 



Idi.mih : Conven unibt fnwn mi lo km 4jh) lk>m km ta ft. 

SKI LP: 1 ia.B2.S4an. Ikm- lOOOm. I2ín_-lft, I mi-52K0fl . 

52fi0ftVl2in.Y2J4anY I m Vil 



VifcmJl lm Íl2 + 54cci :: ■ 
EVALUATE: A rail* i* a grcalcr dixUncc (han a kitomcier Tbcre are 52SO ñ in u nulc bul on(y 3280 tt in ¿i km. 
1*2. lniMin: Conven volume unii* frt>m L lo in/ . 
9o UP: IL - 1000 cm' . I in. - 2,54 an 



I L ) I2.54cm/ 

Eyam afe: I in/ u greatcr Itun I cm' , *o thc volume in in/ ¡* a ¿mallcr numbcr than ihe volume in cm\ 
whkhu 473 cm'. 

I A iDEvnrv: \Vc kntiw thc rcnccd of light ín mi*, f - d/v. Conven LOO A to m and / frum % lo uv 
SEVÜVt TbcipccdoriigntD 1= 3.00*10' ras. I fl - O.304K m . U-1Q*m. 

Exr.tirTE: i - 0 3048 ni — _j njxio^ 4 -1.02 m 
3.00x10* mi 

EvaUiaTE: In LOOslighl travch 3.00* 10* m -3.00*10* km -1,86x10* mL 
1.4. Ide.n nf\: Conven Ihc unita fromg lo kg and from cm' to m*. 
Sn UP: I kg - 1000 g. 1 m - 1000 cm - 

Lncun: iijJLÍ_ll5_Ui!2f=í.l.l3 )t ltfÍ 



cm VUHJDgJ 1 lm } m 
l.v Alt afe: Thc ral 10 ibat convertí cm lo m u cübciL. because *e need to conven cm 10 m . 
1.5* iMPítlíY: Conven votumc unns (rom in. lo L. 
SO l p: IL> 1000 cm' . I in. - 2.54 cm . 

Bmra (327 , 1 : M ern/in.)' *|1 L/l0Q0cra')=5J6L 

EvajxafE: Thc volume n 5360 cm*. I cm'Ulc» ihan I ín. J , 10 ibc volume in cm'i* a tar^cr numbcr than ibc 
volunte Ín in.' . 
J.4. iDtXflFY: Conven ft 3 lo nV And Iben to hcciarc*. 

SCT l p: l .00 heclare ■ I.OQx 10' rn\ 1 (1 - 03048 m 

Enera T1»«.ü ! .i.>^^ , Y^)| i 'y'^" i |-^. 



W*KT 



EVALUATE: Sincc I fl ■ 0.3048 m . I f. (0.3048) 3 m 1 . 
1.7. Io*a ium Conven secund* to vcars* 

SKfIp: 1bilUon*ciMik-l*l0 v í. libv-^Jh lh- 



T3600*fl 24 h A 345 



^ [i 



] i 



1-2 Chupín- I 



EVALUATE: The conversión ly-3T56xlO * a&tumc* 1 y - 365.24 d ♦ whieh i* thc avenige loronc extra day 

cvery Ibur ycar*. in Icap ycarv The pn^blem siy* ¡ralead lo a^ume a *n5-day y car. 
1.8. Ide.mi?y: Apply thc given convención faciori. 

WttUfi I i , Ci.l250mtand 1 fortnichi - 14 dayv lday-24b. 

fcl 0 125 nn VI foraiight VI day \ — „ 



r.\ ai.i afe: A lariong i*t le** ihan a mi le and a fortnicht h many hour** mi ihe xpeed linui in mph » j moch 
smallcr number 
1.9. Idevhfv: Conven milcvgalkin to kml. 

SKI y y 1 roí - 1 609 km I gallan ■ J.788 L 

EXECUTE: <u) 55.0 mik% gallón ■ (55.0 mík* callón )í 1 * Wkgi ¥ > ^ alkqi I ■ 23.4 km L . 

I I mi fl3.78*Lf 

(b) The volume otea* required ü -ll?2Jü!^ - 64T L . ^ ^ ^ - 1.4 tanta . 

23.4 km L 45 L iank 

EVALUATE: I mi va) ■ 0,425 km L . A km n very toujzhly hilf a mi le and Iherc are (ouchly 4 liten* in a gallón, 

so 1 migal - ^ kro'L f whícb ¡* rouirhly our rctuli 

l.li. Ideviot: Conven umu. 

Su Up: U*c ibe añil conventon» given in ihc probicnv AUo, 100 cm ■ I m and 1000 jj - I kg> 



a 3MKH i mi 



EvaUíaTE: Thc rclation* 60 mi h ■ 88 ñ s and I g ero' ■ 10' kti m' are exael The rclaixm 32 Bfr 1 ■ 9.H mtf ¡* 
aecurale to only two significan* figure*» 
1.1 1. IDEWTIFY: We know thc dcnxiiy and mavt; thui wc can lind ibc volume uung ibc re la t ion 

dcntjiy - man 'vokime - m >' J' . The radia* i* ihen found ftom thc vohime cquation Ibr a «phere and thc rc*uh for 
the volume. 

Suf Cp: Dcnairy - 19.5 g etn 1 and - 60 0 kg For a xpfaerc V - ¿-rr 1 . 



ExxCiTTE: ^«lyJ Vl^¡,3080ero- 

J ll9.5 & cm'Al.0kgl 



4r V4t 



3080 an* 1-9.0 



EvaUiaTE: Thc acnsiy « vcty Urge t *o thc BOpound iphcrc » *mill in%ü». 

1.12. lot% 'iw\: U*c yoiir eakruUtur todbpiay icm 10 . Compare thai number lo Ibe nuraber oftccondN ¡n a year. 
Mil. 1 yr - 365.24 dayi. I day- 24 h. and I h - 3600 1 

EXUCITTE: (365.24 dayvl >t)| ÜJLjí^ 600 '^3.15567...^ 10' i; jtxI0 t s -3.14159.^x10^ 

\ I iby f v 1 h / 

Thc approximate cxprauKm \% aecxiraie to t»o Mtmifrcanl ñgurei. 
Evau'aFE: Thc cloic agrcemcni n a numeneal accídcml. 

1.13. ii>i m Jh\ ; The percent erme ¡x ibe error divided hy ihc quamity. 

Su cp: The diilance from Bcriin to Parii ixgivcn tothencareit 10 km. 

EXECUTS: (a> — — ^1.1x10*%. 
B90xl0 l ro 

<b)Sincc thc diManee wa* pven a* K90 km, thc lolal dutance xhould he S90 t 000 mclerx. We know the total 
dixianee loonly ihree ti^mTicant (igutex. 

EvaJaiaTE: In ihtx case a vcfy xmall percentaje error hss diwsiroux conscqucncci- 

1.14. lot-vim: Whcn number* are muttiplkdor divided, Ihc number of significan! figure» ¡n ibe rciult can be no 
grcaicr than ¡n ihc faelor with the lewc*t aimificam llcurcs. Whcn we aóá or *uniract number* ¡i t% ihc 
the decimal ihat maitcn. 



Uniu. PhyiKal (JuamiiK* and Vector» |.J 



Sur Up: 12 mm has i»o signiftcani figure» and 5,*>s mm has tnrcc tigiufieant figures. 
EXECUTE: (a) (12 rnra)*(5.9R mm)-?2 mm ! ítwo sjgiuficant figure») 



ib} -jj^ - 



<c) 36 mm <to thc ncarcsi millimclerr 

( d) 6 mm 

(e) 2.0 (Iwo significan! figuren) 

EVALUATE: Thc ScntJtb of ihc rccianglc is Lra*wn only lo Ihc ncarest mm* so thc amwcrs in partí (c}and<d) are 
known only lo ibc neurest mm. 
US. iDt.s jtjJ S*;f L'p: In cach cate, csiimatc me precisión of Ihc measurernent. 

Euxi tk: (u) If a meter tfiek can me ¿i mi re lo thc ncarest mil) (meter* thc error wi II be about ü. 13%. 

(b) If me chemieal balarle can mcasurc lo Ihc ncarest milligram* thc error wi ti be about 8.3xlO~Ti. 

(c) If a handheid xiopwatch (as opposcd toelcclnc uming dcv¡ces)can measurc to Ib: ncarest lenlbof a recomí, ihc 
error mil be aboui : H ■ 

EVALUATE: Thc pcrccnl error* are thosc duc only lo Ihc timít of precisión of ib: mcasuremcnl. 
LI6. iDBmm Uxc Ito extreme valúes in thc piece's lengih and **d(h to fmd ihc unccrtainiy ra rae área. 
Su l'p: Tta Icrwth could be as Urge ai 5.11 ern and tbe width could be ai latee as 1.91 cm 



Ext C ir Te: The arta is 9.69 ± 0.07 cm ; . The Iractional unccrUinty in Ihc arca i* ' " 1-1,1 '■ ^' and thc 

969 ero- 

Ir^uo:i,i[ ur^ru]r.:K%mibclcncthardwidth4re 001 C ™ -0.20% and °' 01 " s 0,53%. The **im o fínese 

5 JO era 1.9 cm 

rractional unctrtamtics is 0.20%* 0.53% -0,73% , raagrecmcni uüh ihc fractional uncertainry inthe arca. 

EvajxaTe: Thc fraciional unccrtamiy in a product of numbers ¡s grealer iban thc fraelional unccriamiy in arry of 

tbe individual nurnberx. 

1.17. iDECTItY: Calcúlale thc averace vohimc and diamcter and ibc uncertainly in there quantitiev 

Sur 1p: Using thc extreme valúes of Ihc inpul dala gives us thc largest and »mallc»t valúes of thc targci variable» 
and from ihcsc wc cci ibe uncertainty. 

Ext.Clte; (u) Thc volurac of a diik of diaracier d and ihickncss f \% V ~ «{óSTfi. 

Thc average voluroc i* r - ?*K ,50 cm l\ Mi Sil ero) - : ,R37 ern' Butr i*given toonly iwo sigmfaani figure* so 

thc answcr »hould be cxprciscd lo two »ignificaitt figures: V ■ 2.S cm\ 

Wc can línd ihc unccrtamiy in thc volunte as folkivw Thc volunte could be as large as 

V ■ <r|S.52 crn |h 2)" {0.055 cm> ■ 3. 1 cm\ wbich is 0.3 cm' larger than Ihc avvragc valué. Thc \xilume could be as 

imallai Í F - jt{S.52 cm2n0.W5 cml - 2.5 era', which is OJcra 1 imallcr than ihc average valué. The 

uncertainey is 10.3 cm\ and vtc express ihc volume as I* ■ 2.S 1 0.3 ero*. 
10 L I . lúoof thc averace diamelcr totheavera^e ihtckm;^ i* S.50 craO.050cm - 170, Dy taking thc largest 
possjblc valué of thc diaracier and thc smallcsi possibW ibicknessuc gei thc largcst rxissiblc valúe Ibrlhis rano: 
R.52 crofl.045cro-l a O. Thcsmallcst rxnsiblc valué oflhe rano is HJK. 0 055-150 Tbuslbc uneettainty is 
120 and wc vtrile thc ratio as 17D£ 20. 

EvaLuaTE: Thc thlckness u uncertain by 10% and Ihc percentaje uncctiainty in the diamcler is much leis. so 
thc pcrceniage uncehainr)' in thc vulume and in ihc ralio should be aboui 1 0%. 
t.ll lo*-vim: (i.stinutc ihc number of neople and then use ihc estímales viven in rae prefiera to calcúlate ihc 
nuraber of gallons. 

SEí UP: üsiimate 3 ^ 10* pcoplc, so 2x10' can. 

ExcCtTE: ( Kuraber of can v miles.car day ).' ( raigal) ■ gallons-day 

(2- \(f cars^ 10000 ciuyrcar«l>r 365 days)<(20ratgal|-3»IO T gatday 

EvaLUaTE: Thc number of galloro of gas used cacb day approxunatcly cuuals ihc ponulalionof the U.S. 
1.19. IDEVTIFV: Express 200 kg in poundv Express, cach of 200 m. 200 cm and 200 mm in rnches. Express 
200 mooths in ycars. 

Si:f Up: A massof I kg iscquivaknl toaweight ofahoul 2.2 Ibv 1 ro-2J4 cm. 1 y - 12 months. 
EXf.ctTK: (u) 200 kg ú a neighl of 440 Ib. This is much larger iban thc typical wcight of a man. 

<I» 200 m - tlOO^IO* crn>| — LÍÜl—¡& 7.9x10* inches. This is much greaicrthan ihc hcight ofaperson. 

1 2.S4 era / 

M 200 cm - 2.00 ra - 79 inches - 6 6 ft . Somc people are ibis lalL bul not an ordinary rom. 



1-4 í hjpirr I 



<d) 200 mm ■ 0.200 m ■ 7,9 anche* , Thr* U nwh too ihort 

f |y \ 

(e) 20ümiwnhi -OGOmonil 1-17 y - Thw n thc aw oía tccnavct: a mi&llc-accd man ta muvh i>Jdet tlun tlm 

W2mon / 

KvAJ-i afk: Nonc are plauidilc. Whcn *pcciry¡ng thc valué of a mcaiurcd quantity li i* eucnlial to cive ihc unitt 
in whkh ii i* being exprested 
1.2*. iDEvnn: Thí iwimbcrorkcnwbcanbccakuJiicd as iVa^/P^. 

Si:f Up: ttaicd *m an Internet «carclu taran com farmer* use a *¡evc having a holc of 0.3125 in. 5 K mm to 
remove kcrncl Injgmctit*. Tnctclorc c*timaic thc averace kcrncl lengih ai 10 mm, thc widlb a* í> mm and ihc depth 
a* 3 mm. Wc mu*tal*o apply ihc cíhivcíiioo facían I L -1000 cm' and I cm- 10 mm. 
EXECUTE: Thc volumc oí thc kcrncl i»: 1'^ -(10 mmHo mm>(3 mm l - ISO mm* . Tbebottlc* volurac b: 

' i . ■ < 2.0 L )[( 1 000 cm' y 1 1 .0 U ][< 10 mm ) '/( LO cm >' J - 2.0 * 1 0" mnV . Tbc number of kerncb n then 

¿V^*^/!^ *(2.0*L0* mnV 1/(180 mnV 1- 11,000 kemeb. 

EVAUiaTE: Thta etfimatc i* highly dependen! upen your estímate of thc kcmcl dxmention-v And %incc Ihcsc 
dimensión* vary amongit ihcdiftcrcnl availaMc typc* of com» acccpttblc an*wcrs could tange from 6,500 to 
20.000, 

1.21. iDEVfltY: E*hmatc ihc mimbcr of page* and ihc number of wordi per page* 

Sir Up: Auunung ihc iwo ■ volumc edition. thc te are approximatcty a thou*and page** and cach page hai 
beiwccn 500 and a thoitaand wurd* fcounimg capuon* and thc *tratlcr print. xucb ai thc end-of chapter exerci*c* 
and problema } r 

EXECirTE: An ctfúnaic fbr thc number of word* i* aboui 10* . 
EvaUiaTE: Wecjncxnecl that thi* chímale ¡*accuratc to within a factor of 10. 
1.22* Ideviwv: Approximatc ihc number of bread» per minute. Conven minutci to vcar* and cm" to m'lofindthc 
volumc in m 1 breathed ¡n a ycar. 

f 24 b V 60 mm \ < 
SkfUp: Amume lObrcathvmin. Jv-t365d)| 1 Í-5J*I0 nun 

10* cm' - 1 nV ihc volumc of a ifthcre w V -^jrr 1 jíj/ . «itere rt% ihc radluiand tfi% thc diamcier. Don'i 
Ibrgct lo accounl for four aMronaute* 

I- \m n: lut TK- volumc » N * 10 hrcjihk mm H Wi * 10 * nV^ 53 ** 0 """J-lxlO' mVyr. 

»'TrJ i 5 -^- 1 ) i27m 

EvaIX'aTE: Our estímale afumes Ihalcacb cm of a ir t% brcaihcd m tmly once, where in reallty not all thc 
oxygcn t% ab«oibcd from thc air in cach breath- Hiercfore. a somc*'hal smaller volumc itould actúa) ly be 
required* 

I.2X lofArm: Etnmatc ihc number ofblink* per minute. Conven minute* loycarv Colímate thc ivp^al lifchmc in 

ymm, 

Sur I i 1 . Eftiimatc ihai *-e Nink JO time* per minute I y ~365day* * I d*y- 24 b. I b - 60 min , t"%c »0 war* 
Ibr Ihc lifcüme. 

EncitTB: lite number of Mink* i* (10 per míokl wmm j| II JPJ qay * ¡(80 y Ufctimcl - A - 1 



/ em - inw 



EvaLUaTE: Our c&umaic of thc number ofblink* per minute can be offby a factor of twobut our calculation n 
turery aecunte lo a po^ver of 10. 
1.24. lot-MiM; Intímate thc number of beata pernunuie and thc duralion of a liletimc. Thc volumc of blood punped 
during lh¡* ímcrval b then thc volumc per beal multiplied b\ thc total bcati* 

Up: Anavcrage mtddlc'agcd Í40 year-old) aduli at rcit ha* a hcart rale of rougbly 75 beata per minute. To 
thc number of beata in a lilctimc* u*e thc currcnl a^rage I i fe* pan of 80 ycatv 

24 h V 365 days V 80yr 1 bJ lt * 



ExuciriK: . (75 bc**/iran>j£^ h 



**y/\ A hléuqwn 



EvaUiaTE: Thu ta a very larcc volume. 



IJmK rtrvueal Quintiuc* and Vcel.w* l-S 



1.25. lof-vim: E*iimation problem 

Sr.T te: Estímate ihat thc pife b IR in.*ISin.x5 H S ir. . Use thc dcn*¡ty of gold lo calcúlate thc maja of gold ¡n 
thc pile and from thi* calcúlate ihc dollar valúe. 

Exr.ti n : The volumc of g*>ld m thc pife b I* - IB inxlK hvx6K in. - 22,0(10 in.' T Convento cm 



22,000 m /(1000cm l /6l.02 in.'i-.V6*IO" cm\ 
The densiry of gold b 19.3 gcm\ soihcnrasofthbvolumeofffoldis 

m»(19JgW)(3.6»lQ' cnVu7xlD/ 
The moncian • vaJuc of one gram h&IO, soihc gold ha* avalué of <SI0 gramK7*ICrgrarm)-S7*IO . or 
SlOOxICT* (one hundred millíon dollar*). 

EVALUATE: Thts u quite a Urge pile of gold. so such a large monctary valué b rca*onaMc 
1-26- Ideaiih: E*n trote ihc diametcrof a drop and from that calcúlale thc volunte of a drop* in m',Convcrt m'loL. 
Sir le: Eslimatc ibe díamete* of a drop lo be d ■ 2 mni . The volunte of a xpherícal drop b P =4*r* = ¿.rrf* ■ 
10* ero' * l L . 

EXíXlTTE: V = i*(02 cm) 1 - 4x10 * cm' . Thc number ofdropt in L0L b 1000 ^ m - 2* 10 
* ^ 4*10^ 

EvaUíaTE: Sinc* V -d\ if cur estímate of thc diamclerof a dropboffbv a factor of 2 then our estímale of thc 



of drop* b olTby a faclor of & 

1.27. Id£.\tut: listimaic ihe number of itudcnti and theaverage number ofniz/ai calen by caen srudent ina school yenr 
St:T Vw: A mu me a school ofthixnand siudcnfc^cicbofwlwm abrace* ten |wíi» a vcar (perhaps an undcrc-stimaic 
EXCCITTE: Thcy eat a tolal of I CP 4 piras 

EYAUVAfE: Thc «ame amwer applics lo a sebool of 250*iudcnts averaging 40 pi?vas a yearcacb* 

1.28. iDEVTitY: The number of bilis b thc distance lo thc moon drvided by thc thickncis of one bilL 
Su l.p; Intímate ihc thickncts of a dollar bilis by mcaturúig a short stack. say ten. and drviding the 
mcamrcmcni by (he total number of bjlli. 1 obiam a thickncss of roughly I mm From Appcndix l . the dislance 
from ihe earth lo ibc moon b 3 + 8 * 1 0* m 



3.8x|o' m'lí 10' 



EXUCUTE: y I — '» ||l^_g!!EU3.Sx|fj- i lHlb a 4xlO IJ b»lb 

EvaIataTE: Thb answcr rcprc*cnts 4 iríllion dolían! The ceul of a single spacc shuttle mission in 2005 b 
signiticantly le*s - rougbly I bilí™ dol)ars> 
1*29* Io*a wvsi Thc co&i would cuual ihe number of dollar hilh reouircd; thc surlace área of the US* divickd by thi 
surface arca of a nngle dollar bilí. 

Skt V?i By drawinga rectangle on a mapof thc U.S.. the approvimate área b 2600 mi by 1 300 mi or 
3,380400 roi J • Th» csiimate b vviihin lOpercent ofihe actual área, 3 ,794.083 cni*\ Tbe popubinm b roughly 
1.0 - I0 P whilc thc arca of a dollar bilL as measured wíth a rulcr. b approximatcly 6~ ñ. by 2^ in. 

(3JKO,000 m«^l(52Mñ^(li™>ltU2mJ^lfl}j'-L4xliy 4 m- J 

■ (6.125 in,)(2.625 in.) - 16.1 in/ 

Total ocwl - tf^ - A^/A^ -(14-ltf* m.*)/Hl6J tn / .bilí» - 9 - bilis 

Cosí per penan- (9*10 M dolbrt) U 0^10' penons) ^ 3 k I CTdolUrs person 

h Aiiui : The actual cost wuld be somcwhal larger. because ine land Un't fíat. 
Ui. lotviiM: Thc duplaccmenLs musí be added as vccion and thc magnitudc of the sum dependí on thc rebin e 
oriental ¡on of the two displaccments. 

Si t UP: Tbe sum with the largcM magnitude is when Ihc tn h odbplacemcnts are paralkl and thc sum wiih thc 
*mallc*i magnitude i* when the two d»placemcnis are antiparallel. 

Ku:c tu: Tbe orientations of the disrJjkcemcnts ihat giw the dcsired sum are stiomh tn figure 1.30. 
EvaLuaTE: Thc orientación* of the two displaccments can be chosen sueh thai ihe sum has any valué betwccn 
0 6 m and 4,2 m. 



- 





i») (t» o 



I-A < hjpirr i 



UL iDEvnrv; Draw caen *ur«ci|uenl dispbcemeni tail lo head i*iih ibe previoui di*pfaccment. The rcsultam 
di*placement u the *ingle vcclor ihai potnti from the itarting poinl lo ihe itopping potnt 

SEf UP: Cali ine ihree dürilaeemeriii ^ . É , and £ . The resuliant diipbccmcnt * i* given bYJÍ-/Í + «4Í 
EXECUTE: The vecttír addition diagram i* given in Figure 131. Carerul meamremcni givei that Jt t* 
7Jkm i J8 ooflboreasn. 

EvaUjaTE: The magnirude of me rciulunt dcu>laeemenu ? + Skm. i* leuihan theiumof ihc imgniludci of the 
individual disnlarcmenit 2.6 km * J O km + 3.1 km . 




IJL Id*-MIM: Draw ibc vector addition diagranx. toicale. 

Si: r Up: The iwo vector* Á and S are ¿pecified in (he figure tbai accompanics the proMem 

K\*:c ití ; (a> The diagram for C * + itii given m Figure L32a, Mcaairmg the kngth andanglc oí C givci 

9.0 mmá mangle oftf^M", 
00 The diagram for i> - Á - B ta given in Figure U2b> Kiea¿unng me lenglh and angle of Ogives D - 22 m and 
anangle of 0-250*. 

<c> -vi - B - * B) , io -i - B ha* a magnitude of 9.0 m uhc «ame ai ^ ■* B > and an angk wnh Ine *x axil 
of 214 & (oppos¡te lo ibedirection of A * B » 

(d) II- vi - i .1 tf> , m* ¿-/flbaia magnitudeof 22 mandan angle with ihe t* axíxof 70 & <oppo*ite lo ihe 
direction of Á-B ». 

EVALIUTE: The rector -sf ti equal in magniludc and oppouie mdircctiun to the vector A . 




<*> (b) 
r igure I JI 

1,33. loEvnrv; Sinceibe reiurni lo ihc itartint; pnittL inc vector» Mimof the four diiplaccmcnta muxi be /ero. 
Sur Up: Cali ihe ihree given dtapbeemcitt* Á . B . and f . and cali the fourth dixplaccmcnt 0. 
-J + fi*C *■ 0-0. 

Km:c i rj : The vector addition diagram ii iketched in Figure 1,33. Careful meaxurcment give» ihat Ó 
i*J4J m, 41' louib of wesl. 



Umiv Pfaytkal Quinmuc* and Vcclort 1*7 



EVAUM1T: D i* cqual in oiaenitudc ¿ndtmpoMU- 




r «ure U3 



vccion dcscnfccd. Thcn draw ihc cocmEpomfinfl 



U4, lüt-vnn arw S#;f Lp: U*c a rulcr and protiactor 10 umw (be 
horizontal mó vertical compottcm.v 

K\t:c t fk: (u) Figure I .34 give* corcfioocnlx 4.7 ni. s. 1 m. 
<b) I igucc 1.34 jfivcs comptxvcni* - 1 5.6 km* 15.6 km * 

(c) Figure 1 .34 givcf corapixvcnU 3.S2 em- - 5.0? cío . 

EvaI-1 afe: The sign* of the componen!* deoend on ihc quidrant in which ib: vector lie*. 



-I*6kin. hV&tmí (4.7 nuMwl mi 




IJ& locvnfi: For cach vector l\u&cthai - í'cox0 and !■* - lnn/V . vrhen tfistheangle r' mate with the t* 
ixU* oic&iurcd cimntcrctuckm.se from the axis 

SETWs Fot¿. O = 270.0*, For Ú * 600* . For C , 0» 203.0*. For I), <UI4MV 

Khin: 4-0» -i *-RO0rn. í.-líflm. B t = l3.0m. C, =-l0.9ra. C, = -5.07 m P D ( «-7.99 m. 

D, ■ 6.02 m . 

EvaUiaTé: The *¡gn* of the componen!* corrcipood to the quadrani in which the vector lies. 
1.36. lrjEvn*\: unO - — '-. Ibr 0 mcaMircd countcrclockv>uc from the i i 



Skf Up: A sketch of ^ t ^ and .4 Iclkui the qiudr&nt io which A 
mam 

h4. -IjOD 



[a) uafls— La 

.r, 2.00 oí 



- -0.500 d - un 1 ( -0.500) ^ 3óíT - 26.6* =333° 



-i- 1 00 m =0.500. 0-tan '(0500U26.6 
A 2.00ro * ' 



angaria tJOm =-0.500. 0 = lao '(-0500)^80'- 26.6* = 153* 
4 -2 00 ra 1 ' 

tmig^di- " IMm -0,500. fletan J (0J(H>) = 180*^26.6* = 207* 
A -100 ra ' 



EVALUATE: Thcanglc*26.ó~and 207 D tuve the *amc tangent. Our ¿kcich letl* un which i* ibccorrcci valué 
of 0. 

IJT, loivnn: Find the vector tumof the twoforccv 

Si: r Up: U*c componente to add the lwo forcé». Tdke the *x»d¡rcciioo to be forward and the -ti dirvctum lo be 

Dpmd. 



F\*:c t tu: Tfcc*econd forcé has componen!* F !t - F t m*teA* -433N and F,, -FjWnJ2.4 r ¿275 N. The? 
firat forcé ha* compocCTtt r\. - 725 N and F tt ~ 0* 
í */5 i +f!,"llS*N aod f| -#^+IS»-2HN 

The rebullan t forcé ix 1 190 N ín thc dirccikm 13.4 P abo\c ib: forward ihrcction. 

EVaj^ afe: Sincc thc two Ibrcc* are rwt ¡n thc unte direction ihc magnitudc ofibcir vector *urti i* le** trian i 
surtí of thcir magnitudes* 
IJ& Ideviifv: Find the vector *umof thc threc given di*placcmcntv 

Sur L T P: Use coordínale* tbr which ix uca&tand -y i* north , Thedrivcr's vector di.*plavvmenu are: 

^*2.6km.0 fr ofcwth:* i 4.0ltm0 < ' ofea*; C ^3 I km. 45 p nonbofeart. 

I- \m i m : \ ¡ ♦ Jí. -0*4.0 km* 0.lfanico*|45")-ó.2km; R t = A 4 * 8 t *C t = 

2.6km*0*(3.1 km>"*in45 * - 4 Nkm: R-^R;*R; -7.8 km; 0-iao'[í4ftknO/<6-2kror} = 3r ; 
ff^7.8km.3H northofea*!. Thi* repulí i* coníintxd bv me sketch m Figure 1.38. 
Y.\ \ix mi Both R and # are potitive and a in the fuil quadrant* 




Figure I JM 

IJ9. lot-viin: If C-/Í + a.theti í \ - A h - S and C, C.and C ( to find thc magnitud* and 

dircction of C , 

SitUP: Fmn Figure I J4 m thc tc*lbcok. A t -0, 4 = -H + 00mand « - » ffira 30,0 - * 50 m . 
#,»-»flc©*3a0*=13.0m. 

KSKCVfV: i.o < l /í . C t -J, + B t -7 + 50ro and C t *A,+3,**SMm. C-9J>lm + 
C 5.00 m 



ind tf-33.r . 



C t 7,50 m 

O») É+ A~ Á+ í + 10 Jí * .i ha* nuuniludc 9*01 m and dircclkm «pecified by 33*7*. 

U) O- A- B*a A - ^ - ^ = -7.50 m and O t mJ-Bm- -2t.flm. D-22_3m. bui¿ = ^-- ~ 21 ° "* and 

D É -7.50 m 

^ " ■ ■ 0¡*in the 3 <J quadrant and thc angle 0 counterckickwivr from tbe n axi* i* IM : t 70.3*- 250.3* 

(d) B- A- -t A -Bl.ua B - i ha* magnitude 22.3 mand direction «pcciilcd by 0- "0 V . 

EvaUUTE: Thcie resulte agrec u. nh ih»*c calculaicd ftom a seale drawmg in ProMetn 1.32. 
1.40. lüt.s iim: Use Equat¡on*(I*?} and í LS) lo calcúlate ihe magnitude and dircction of cach of the gívcrj vectora 

Sur L t p: A xketefa of H 4 , ^ arkd Á iclU xi% ihe quadrant ¡n which /I lie*, 

Extcirtt (■> J(-S.Ó0cin)*+ <5.20 ero)' - 10.0 cm. arcunf J = 1 «8 a iwmchü I80*-3I 



W ^(-9.7 m)w (-2.45 m» J ^ 10.0 ra uct«il— ^|-I4*+IMF-194' 



245 
^9Í7 

|c> ^Skmí' + i-lTOkm)* -8.21 km. aret«i|lilj^340ír (nttdlli 360*-l9.r>. 

EvaLUaTE: In cach ca%c ihcanglc i* mejRüred counterciockwbe from thc +.v a\U Our rcAiltt for Magree wí 
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MI. iDEVtirV: Vector addition 
ñnd Ihcir *um. 
Skf Lip: 



mobltm Wc are eiven thc nugnitudc and dirccltonof threc vector* and are »kcd ta 




J«U5 km 
S = 4.75 km 
C « L -50 km 



Figure l.-IU 

Sciecl a coorditute CTitem where r.Y iiciiland +*■ isnorth.Lct A 



iifthc 



profesor. Tbm thc rcmlunt ditplaccmcni X U givcn by - .4 * 8 * C By thc method 
K m A + * +C; and ff, = * B. *■ C ( - Find thc a juid r componen** of cach vector; add them to fad ihe 

cotnnuncnti of ibc rciulUnl. Then thc magnitud? and dircctiun of ihc rciullani can K: Ibund from iivr and v 
al wc have calculatcd. Ai arwav* il ti c?ucntial lo draw a nkclcb. 



iAn i 1 1 : 



H?urt- i.4lli 



r 



^ t -a ¿ - +3.25 km 

tf 4 s-4.75knv ff^O 

C-ft C ^ -1.50 km 
■ » 

-0-4 .75 tni -0 4 ,75 km 
A ■ v;s km *íl- L.5<l km- US 




R-^R**R¡ -^(-4J5kmy +QJ5km? 
ft m 5.06 km 

R i.75 km 
\m0^ —= --A.J6H4 

tf. -4.75 km 



Figure 1,4 le 

Thc jihtJc tí mca*urcd countcrclockwuc from the +.r-axii. In ictm* oí compa** dirccttoni* ihc rc*ultanl 
düplaccmcnt c* 20.2 a N ofW. 

EvaUaTE: A, < 0 and ¡t -\y *o R ñ in 2nd quadrant. Thb agrecx wtlb ihe vector addition diagrim. 
M2. iDEvnrv: Add the vector* mine componenu. B-Á-B*{-Á). 

SCTUs lf C- /i* Binen C. = 4+B.nnd C t =A.+B. If D-B-^ iben D t -B t -A.*ná D t -3,-A, 
i '\m i n : ta) Thc v and i cotnpuncnt* of ihe *um are 1.30 cm *4.]0cm - 5.40 cm, 
2.25 cm * (-3.75 cm) - - 1 .50 cm. 



|b>U^gt^atiom<I.7>and0 »X ^ 5 4i » fc m r t - 1 Mi cm \ l - 5 60 era arclanJliÍ£j-J44.S 



ccw. 



1 1» C/Jwpirr I 



le) Similar 



:m - i I JO ci 



f»|-l(tOcia -JJ5crji-(2 + 25an)--6O0cm 



(d> ^(2Mcmy . f^OOcro)' =6*62 cm, «vüd^^^J=29S c (wbích íx 3W-65*). 

t.v ai l .\ 1 1 : \V;' can draxv thc \vctot addilion diacram in cach case and vcrifv (hat our te Mili* are quaJitativcly 



\M. IdevtifY: Vector acklition problcnr ^-ff-^*|-J?l 

SKF Up: F¡nd thcx- ¡md í'CumptmcniNof A and B. Thcn tb- v and y componen!* ofihc vector *uni are 

cakubtcd ftoroibe.Y- and v-componenti of Á and B 

Exicim 

4 * : . i : 

4, » ■ : m croícoKóOCTí ■ ! 10 ero 

4. * (2.80 cmi uní 60,0°) ■ *2 425 an 

fl ( ■ (I 90 cro>c«( -60.0 a ) ■ ern 
B, - Bmva-MO i 

# 0.90cm,*uH 60 ■ . . M5ctn 

Ni>tc Uui thc xign* of thc compcocni* 
corre* rxnid lo thc dtrecitoro of ihc componem 

Híure IjCI* 




Íj)NowIci X-A + B. 

R t -A t + B. i*L40crji + 0.95 cm = r2J5crn. 
JI, = A ♦ tf, - ■ : i : - cm - 1 MS ero - HX7Í cm 




J? *0.7Scm A „ lrt 



R +235 cm 



0-18.4* 

EVAUTArE: The vector addilion diap ram for R-A+B a 




K \% in the Ul 
aiir 



aifrccmcni wtth 



Unilt. Phyucal OumilK* *nd Vector* t ti 



{b} ExtXlfTE: Now kl JÍ » ^ - fl. 

Jí, * A^-B, «+I«4Ü cm -0.95 ero- -MX45 cnv 

Jí ( *A, -B 4 ^ +1425 cm H .645 cm = +4.070 ero 




Figure 

EVALUATE: The vector rólilia 



A - JA* * A; - JfOJS ciul' * (4.0TÚ an) 
A -4.09 cm 

, A, 4,070 ero rtn-> 
A, 0.45 em 
0-83.7* 



dugrainfor R-Á + í-á) h 



[c) Em:c i fk; 




figure L4Je 




A ih m Ihc Ul quadrutt* 
■viih pÜ<|*L in 



É-Á—[A-á\ 

B-Á and Á- B 4ie 
ct|ml m majroitudc snd 

C}f*¡ttMÍtC i ti dircclkm 

A - 4.09 cm -1.1 



i i: 



EVAUUTE: Thcvccior actfilion diagram for ft- B*\-A\ h 




R n m trie 3rdquudrani^ 
with \r] vlíf I üi 



talcubljocv 



1.44* lot-Min: Ita vetacityofthe boa! ce bu ve t» thcc¿nh. , ibc vclocity «f thc water rclativcio ihc rarih. v+ tl , 
■ U ihc vclocir\ of ibcboAir«bci\Ylo the«wr ^ . are retacd b y 

Skf Uf: P w| ■ 5.0 km h . nonb and ■ 7.0 knvh . wcrt. The vector addiüon diagram b ¡fcclcbed in 
Figure l« 

EXECUTE: r£ t -ví, +i¿, Ana v ol - Ji5 + 0 km-h y +■ i 7 + 0 km"h> : - Hfi kmb iap¿^I=-L- 5J> kCT * and 

*W 7.0 km h 

EvaUtaFE: Sincc thc hw vector* Are addmg are perpendicular wc can use (he Pythagorean ihcixcm di 
ti> find ihc maimiiudc «f ihcir vector lum 



' * i 




frígurt 1*44 

M& loEvnrv: Let ¿=625 N and 8 ■ AT5 N , We are adeed to fínd rhe rector C sucb ibat 

Btttfo ¿,*0. ¿, = -*25N. í. =<875 N)ci»30* = 7SíSN. B ( -<875 N)«n3fl* = 438 N . 

I\miii: C ( = -M.* J.) = H0 * 758N, = -75SN. C, » ■* fl p ) = -(-*25 N + 438 N) = *187 N . Vector 

C and it* componente are akcicbed in Figure LIS. C-JC¡*C¡ =781 N . lan^j^lL 187 N and 0*13.9*. 

|C t | 758 N 

£*¡*alananglcof 13.9" abovcibc *r -axis and therefore at an anule 180^-13.9*- 166. Tccxintcíclcxkwwe ítoai 



EvaUaTE: A vector addition diagram for A + B*C veri lie* that ibcir sum » ato. 




Figure 1.45 



1.46. IDF-Min: Wckiwiu thc vector mmand want lo fmd ihc masnitudc nfthc vcctorv Un: thc memodof 



Sur L p: The lwo vector* T l aítd £ and their raullani C are ¿hown m Figure 1 ,46. Let *> be in thc dircclkm of 
ihc rebutí ¡mi, A — fi . 

IAmiii. C, = Á t * B t . 372 N = 2¿c<*43Ü* and .1 ■ 254 N É 

EvaUiaTE: The mm of thc magnitudes of ihc lwo foro» execed* thc magnitud: of thc rcsultant forcé 
■ i: .;. componen* ofeach forcé ii unw&rd* 




l 



rfcure 1.46 



M7. [LitMJt\: Find ihc coinponcnt* of mh vector and lhcnuacEq.(Lj4X 

StFlTp: ^«t, ,4, =-&0Üm. 0= 7.50 ni, = l3»ro. C =-l0.9m, C r * -5.07 ro . D = -7.99 m, 

D t ■ 6.02 m . 

ExeCiíTE: ^-(-K.OOrnj/; J)-<7.50 m|f +<I3.0 ro)/; C-(-l0.9 m)í + (-5.07 m)/ ; 
D - (-7.99 .ni * (6.02 m)/ . 

1\ ui mi : AH ihcse vector* l>c in ihc n -pUnc and hjvc no componen t 
1.4& Id*-n iim: Thc general expresión fot a vcclor wríucn in tenra of componente and uiUi vccionc » A - * 

SKF UP: 5.0¿ - 5.0(4/ - 6fl = 20/ - 30/ 

IAm i ii: (■> ^ =5.0. 4»-6J (bl ,4, = IIJ ( ¿,«-9.91 <c> 4,— ISA, ¿, =22.4 
(d) J=2Ü, ¿ — 30 

Hv au vrn: Thc componcni* are ligncd ¿calan* 

1.49. IdevTIFY: Use Irig to find Ihc componen!* of cach vcclor. Use Eq.(l,l 1) lo find thc componen)* of thc vcclor 
*um* liq i LI4i expra*c* a vector in Icrmt of iucomponcnti. 

Sn Up: Use thc coordínale» m thc figure thai accompanks thc problcro 

I \n l l l : (■> 1 ■ ■ ■ ' i ■ CC*70fJ i 3 M>m|t:n «M< >-lt 2J m|í ■ l'jjSm)/ 

¿--(2.40mjco»30.0 5 /-|2.40m) un 30ÍT/-(-2-OSm|# : *(-i.20ni)/ 

(b) f -(3A0|/f ~(4.00|£ -|3aT0)(I.23 rojí +(3M){3J8 ro|/-(4.00)(-2.0H m)í-(4.(K>)(-L2Qm)/ 

«(12.01 m>í*<l494>/ 
<c) I rom fiqualíooi (1.7) and { I.S), 

C = ^(i2.01m)"*(l4.94m)" =19.17 m. arcan JllílülJ=S1.2 ff 

EvaUtaTE: C. and C t are both po*ilivc* h> r?is in thc fmt uuadrant. 

1.50. iDBmrv: Find A andff. Find thc vector difTcrenee uiing cccnponcnix 
Si:r l.'P: Deduce ihc .T- and v- componente and uk Eq^l.S). 

EXKUTSS (n) A-4.00Í + 3.00/; Js^IIOí ^=+3.00 



1-14 Chaptrr 1 



I4X 



L54 



i ^ 5.OO1 - 2,00/; a ( =*S.0ft ^--200 

&-pl + B:* 7<5.oor v * í-2.oo> : ¿539 

EvaLUaTE: Nolc that Ihc mauniludc* of .4 and A are eaeh lurgcr ihan cithcrof thcir componente 
EXKtlíTE; (b) A - B - 4 m t * 00>- 15 OlV -2Wy J -<4W- 5 M)¿ ^3M*2M>Í 

5- J ■—1.001+ SATO/ 

(t,Lcl Jr^-jt--l.tMí*5.00/ Thcn fi, ¿-LOO, Jí, ¿100. 

r 




ff¿^-lJXl)N<5.Ü0j J »5. 



^ -1.00 
tf=-7S.7* + l80*-IOI.3 



Figure 1.50 

EvaUiaTE: < 0 and jV > i>. w tt n in thc 2nd 
[ut.M Jt \ : A ur.it vcclor ha* magnitudc cqual lo I. 

Su l>: Tbc nuctutudc of a vector i* gtYcn in term* of ¡us componen)* by Eq>< 1.12). 

JFTFTF ¿ JS * i *o íi ü tHii a 



Dicims IU) \t + J+M 



1.52. Idíaiwv 



(bl |^| ■ . If any cornponcnt i* greater ihan *1 orle» Iban -L > L . *o n caimot be aun.il 

vcclor. A can have ncuatlvc componente *tncc ihe minu* %ign goc* away when ihc componcni i* squared* 

(*r |Á|-lgivc* ^tf J (3.0) J tíi : (4.0) J =land J^JE-l. a*±J-*iAM. 

EvaLUaTE: The macniiudc of a vector i* grcalcr (han ihc rnagniludc of any of ir* componente 

If vector* A and B commute for addilion» A ' B - B * .4 . If lli^ commute for ihc ¿calar product, 
Á É-É 1 

Sur Up: Cxpicu Ihe saim and «calar product in temoof thc componcni* of A and B . 
ExutirTE; (a|Lcl Á-AJ + AJ and B~B t ¡*-8 r }. Á* B-[A t + B.)i *{A, +8 x )'j . 

B * A-%ÍS -* A \i * | ü + A );\Scalar addilnn i* commuiativc* *o A *■ B - B* A . 

^ 0 - A.B. +A B. and 5 .4 -B t A t + B,A t . Scalar nuihiphcuiion i* commutauve. *uA B - B A . 

¿ -0 ^l/*)* J -¿ J )j+ /■ i i |J : . riman i ■ i . -. . ci :r.nonenim cach vector 
product ihow* Ihat one i* ihe negattve of thc oihcr. 

EVALUATE: ThereAiltuipart|b>meansthal A* Batid B~ A have thc *amc mapniludc and oppoMtc direction. 
iDEVTirV: A B - A&mp 

5CTUF: l'V U:n¡« !?]?*>.(> For Aand í*. ¿-145.0°. For ^ and C ¿- 65.0 a . 
EXICim (a) A B -(SWrnttl5.il m)*jt>¿]5U0 - -I01m : 
Ib) f-<l5 0mKl2.0ro)coil45 0 a --14»iD í 

EVaLiiaIT: Wncn ^ < 9(>' thc scalar product ii poxtttve and when ^ > 90' ine icalar product is negative. 
[DECT1FY: Target variaUci are A * É and Ihe anglc £ bctwccn the two vector*. 

Set Up: Wc are given A and B l:i unil vectoi tarmandean takc thc «:abr product irung nq,<l.l^). Thc ancle 
ó can Ihen be found (rom Eq.f 1.18). 



Unh*. Phyjical QwmUK* *nd Vccion Mí 



DKirn 

(i) ^-4.«W+yOOÍ; 4~S.otf~-2.0Oy: A-5M, 8-539 

Á B -■ (4.00Í + 3.00 ÍW5.00Í - 2.00Í) - M0-6.0=+l« 



14.0 



-0.51* ^ssr. 



EvaUtaTE: The componcni of B alone A ¡* in Ihc 
ihe angk # i* le» ihan 90*. 

1.55* Id*-MIM: Fot allof thc*c pair* of vcciors. (he anglc i* found ftom cornbinúiK limiaiiom (1JKI and i ]..]). to 



dircciHm ai A, io the ¿calar product i* pcuilivc and 



^ fl \ (A t B w + A M B r \ 

si« Ihc anglc^ as an,vo*l - arceo*T I. 

l /f J í l ,4if 

Sir l'P: llai 1.141 *how* hoxv to oblam ihc componente for a vector wnitcn in icrmi of unit wctdiv 



IAk i it: (a) ja -22, /f ■ \Go + ■ vTT and » tf- arceos. 



165*. 



(b) A B^bO.A- Jul B- J\W. p-ama* 



f 60 



■i: 1 6 ■ I W\ 

EVAUUTE: If /i «>0 ( 0S^<90' + lf .4*¿<0. 90 p <(*SI80Mf -Í-A-0, ^ - Waitd Ihchvo vedar* .iíc 
perpendicular. 

1.5*- lot.viu\: Á B-ABcoi$MÓ | i - /f] i/>- and . »hcre ^ i* ilw anule bctwcen and . 

Sur l'P: Figure 1.56 show* .4 and fi . Tbc componente .1 of A alone A and A í of I perpendicular to 0 are 
*hown ¡n Figure 1.56a The componente of B of J7 along A and B^ of 5 perpendicular ta .4 are xhown in 
Figure 1.56b. 

ExeCiíTE: (a) From Figure* 1.56a ando* .( - Hcot^and H -£co*¿. Á -B - ABcaxf ~ BA % - AB . 
<b) A^Aimfmd B, -fliin*. \Á*É\- ABmi^BA x * AB^. 

EvaUjaTE: Whcn A and B are perpendicular A ha* no catnponcni alone, Jland B ha* no component along 
^and /itf-O.Whcn .4 and B are parallcl. A ha* no component pcrpcndrcuhr lo fland B Km no componen! 
perpendicular to .4 and U*fl|=0. 





npn I5A 



1.57. lotMin: H * Dha* maenitudc .40*in0 . In direction te giveti by the nvht hand rule. 
SfF Utz ¿ - 1 80* - 53* = 1 27* 

F\m i rr: |t ■ />| - (S-Ü0 mu 10 (* m)*jnl27 - *> m : ♦ The nghl-hand rule tays ,4* Oun the 
-r-direeUoo linio ibc pugeV 

EvaUiaTE: Tne componeni of Dnerpendicularlo ^ u fJ *£>*¡n53>0*±7.00m. | l ■ />| .1/* ■tiMm*, 
wh*ch agrees « ¡Ih our nreA iom re¡tulL 
US. iDCvnn: Targel variable is the *<cior Á*B, expresied in icmieofunil vectont. 

Skf V?z We are given A and B in unit vector Ibrmandcan takc the vector product using H^ + (124). 
EXECUTE: ^^J.OO/tJ.0OÍ; fl^5 í O0í-2.0O/ 



1*16 (huptrr 1 



Á * B - (4.Ü0Í + 340/) x (5.00Í - 2Mj\ - 20.0/ * í - fí.OOf x}+\5J>)xÍ- 6.00 jxj 
But M-JkJ-QmJ/k)-*, ;>íí = -¿ «o JxA = -8^4l5J)(-Í)^-2¿0¿ 
The rnagnitudc i>f Á * JÍ i* 23.0. 

EVAIAíaTE: Sketch the veclor* A and A in a cooiümaii: ¿ytlctn tvhcrc the iv plañen m lite pbnc oí lite paper 
rod (he r-axii n dirrcled mil toward you. 

J 




By ihc right»hand tule A*B udirected into thc plaiK ofthe paper, in thc "¿-direclioo. Th¡* agrec» with ihe 
ibovc calculalton ihat u* cd unil vector». 
1.59* IdevTIFV: The right-hand ruk givc» ihedirection and Eq,<)*22) g¡vc» Ibc magniludc. 
SrfUr: ¿-120a1 b . 

E\*:c 1 tk: (a) The direction of ■ H b inlo Ihc pa$c (Ine -r-diiection X The magniludc ofihe vcclor product 

t*A8 OTlJ -í;.KO¿Tii||l.*«li:m|«ni:ü - 4.61 cm\ 

(b) Kathcrthan repeal the calculaiiorct* Eq. (1.23) may be u*cd to sce ihai 8' A ha» magniludc 4.61 cm ; and ih in 
ihe +r*dircciion (oul ofthe page). 

Evaii aff.: l'or parí (a) wc could use Eq> (1.27) and note thal tbconly non-vanishing component u 
C ^AB, -A t B =(2Jt0cro}co»60.0 6 (-l«cm).Ín6ir 

-(IKOcm)iin 60.^)1.90 crn)cc*60.0 -4.61 cnV. 

Thii gira thc «rae rcsull. 
1.60. Idks un: Area ■» Icnglh lime* widih. Do unil converiions. 
ta UP: 1 raí - 5280 ñ . I ft* & 7,477 gal t 

EwXiFF-: (a) Thc área ofone acre i» ^ mi *— mi - ^ raí*, » Ihere are 640 acre» loa vniore rmlc. 

v f52fí0flV 
) \ 1 



(al) tif ihc above convenion» arccxaci}. 



<c>(l acre-fool) -(4X560 fí*(KjZ^!l^Íj*J26xlCt' gal «hieh i* ruunded lo ihree ligmñcant figure* 

EVALUATE: An acre n much largcr than a squarc íbot bul lew Ihan a timare ratle. A voJumc of I acrc-fool n 
much larger ihan a gallón. 

1*61* iDEVtlfY: The deturty reíale» ma»» and volóme. U*c (he given mau and dcroiiy 10 fmd the volóme and from 
tltii (he radiu». 

Su Lp: TTne earth ha» mau m t - S <r - 1 1 1 ■■■ .■ and r.i' \ 1- ^ - H.' :t: Uw u^jhl- oí' .i %:ihi:re » 
K - .a ^ 1.76 g cnV - 1760 Icrnbi 1 * 

EXF.tiíFF-: (íiFTheplaneibaimaw ín-5,5iw ( -3.28x10" kg. — .^SxIO 1 kg _ Myto it 1 
1 1 * y» 1760 kg m 1 



|b)r = 2,57r t 

EVAU AFE: Votume V u proportional to nuw and radio» r 1» proportional to * 1 \*or i» proponional 10 m' 1 * Ef 
the planci and eanh bad thc »ame den»ily il» radiu»would be (fSf a r t - . Thc radiu» ofthe planel i»grcaicr 
than ih¡», »oii»dcmity muit be leí» Ihan that ofthe eanh. 
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L62~ [utMJt\ jn¿l S*:r L'P; Unil convcrsmn- 

420« 10 V 



ExtXt'FE; (a) f * L420x]Q* cvcle* v so 1 ■ ■T.MxllT 1 * % for one cvcle 



1600 *h n 

ib) = 5.ll*ltf J cyck*b 

7.04x10" *cvck 

(c) Calcúlate thc number of sccond» in 4olW millkm year» = 4.6*l0** y and divide by Ihc time for 1 eyele: 

,4.6. l 0- > -K3 IS 6. l Q- tfy) = 2|[(|oM 
7.04*10 '"tfcv**: 

|d> Thc dock ttoiTby lin lOO.OOOy - I * 10' y t soín 4,60x10* y it ísoffby Í£!ill!L j - 4 6 * 10' s 
(aboui 13 h). 

Ev Ai i afe.: In caen ca*c (he unii& in Ihc cakulalion combine algcbraicalty to give ihc corred unii» for (he mavxr 
1.63, lDEVf1F\: Tbe number of atoen» ¡» your mav* divided by Ihc mas»of onc atora 

Sur 1=p: Auumc a "0 ku person and ihai the human body t% mostly water. Use Appcndix D to fínd Ihc nu» of 
omMlíOrnokcuk: ls.015 vi * I obl ■■ 10 ;: k^li -2.992x10 ~* k&mokcuk 

i:u(tn: (70kg)/(l992xL0 ^ ksrnokciile)*2.34xlO'^ mokeulev Fjch H.OmoIccuk ha» 3 atorra, ta 
therc are about 6x1o 11 alomv 

E\ M.txít: Atvummg carbón tobe the mo*t common alom give* 3x10* molccuk*. wbich ¡»a rcsult of thc 
same oaix of magnitudc. 

1.64» lD£vn*v: Eslünatc thc volume of cachobjcci The nuu nr i* thc dcmiiy lime» thc volume . 

Sr.r 1."p: Tbe volume of a sfihcre of iadju»'* » V . Thc voiumeof acylindcr of nidius rand Icngth / \% 

V = tí V . Thc den»¡ly of water ¡* 1000 kg/m 1 * 

Excti'ru (a) fctirnale ihe volume a» inal of a *phcrc of diamctcr 10 cm; P = 5.2*10*111'. 

m ttt^SJllWl.'k^/rr. . ; .: ■ i *» f|-0.5 kg. 

(b) Approximalc a» a »phcrc of radru» ¡ - D-25¿im (probabty an over estímale); r~6 .5*10 'm . 
flr-(Q r 9Kt(lOOOkg/m t H6-5xlo"m*) = 6x|0 kg-6x10 14 g. 

<c)IZ*t¡malc the voluraea»ina«ofacylinderof Icngth I cmand radiu» 3mm: I' =-ar J / = 2.8*10" W . 
nr-(O^K)(lO0Okg/m t H2.Sx1O ' m')-3x!0 4 kg-OJ g. 
EVALUATE: Thc mat» i» ditcedy proporitoral to thc volume. 

1.65. iDEvnrv: Useme volume Tand denaly/>lo cakulale ihcitUM^; p - K - — . 

SkfUp: Toe voiumeof a cube whh *>dc»of kngth y i* r J . The volume of a *phcrc wúh ladau* /í w i*/t*. 

EXECim: (a) ~ °' 2 °? k8 = 2.54x10 *m*. ^ = 2.94x10 J m = 2.94cm. 

7.K6x|0 l kg'm' 

ih) l«jr* = 2.54x|0 l m'. X = I.H2x10 J m = LK2cm 

EVALUATE: - 4.2 , «i a spberc with radius if ha» a greater volume than a cube v-ho*c sidei tuve kngth R. 

1.66. lot-MiM: Eslnratcihc voiumeof *»d inallibebeacheNOCilhccarib. Thcdiametcrofagmmoffandúctcrmine? 
ib volume - From thc volume of onc grain and ibe loial volume of sand can calcúlate ibc number of giainv 

Sur L t p: i ■ of a&phereof diatnetcr d\% V ~ ItJ*. Consulting an alia*, wc cálmale ihat ihc connnents 

haveabaut L4Sxl O 1 kroofctrcilmc Add anx«1»cr25%ofmttforriver»andlake».giv¡r^ IHx|0*kroof 
coastlincwXsMimc ibai a beach extendí 50mbcyondibcwalerand tlut the and Ís2mdeefi. I billion = lxl0*. 
EXKCXTE; (a> The volume ofsandis 11.82x10* mK50 m»2 m) - 2xl0 u m 1 . Tbe volume of a grain \% 

r>¿XfUxltf* - 4^1(1 m Thc number of gram* i» ^^j", » 5 x ]Q J V TTie mimberof ya>n» ofsand 
Í»aboul 10". 

(b) The number of »iar»» (I0O < |0*ti. 100^ jo' i - ]0 " . The lwo etfimale* rc*ult in comparable number» for these 
two quantilic^ 
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EvaLUaTE: Boih niunbm ate crudc citimak» Kti are prohibí y aecurate loafcw pi^vcnol 10 
1.67. locvmv: Tfcnumbcr of pankle* ¡s Ibc lolal mu* divided by thc nuw oí w partí ele 

Si i Up: 1 it>.iL 6.0» ]'.\ notas. Thc mau of ibc carth u 6.0*10* kg . The «M of the M b 2 0*10 ' kg. 

ThcdUiancc from Ibc cjirib lo Ibc *un ti 15-lfl" m . The volunte of a sphere of radiu* ti LxR' . Protón* lici.í 

neutrón» cach have a mau of 17*10* ku and Ihc mai*of an electrón ¡* much le». 

(b) The numlvT of neutrón* i* Ibc ma» of thc neutrón star dividid by thc ma» of a neutrón: 
f2H2J>*IO" kg) 



- 2. A * 10 ncutroru 



? *. 10 " ku. 1 neutrón 



<e) Thc ¿vera uc ma» of a parlklc « cwcntially ¿ thc mau of cither thc protón or thc neutrón* 1.7* 10 " kg. The 

total number of partictex ti thc total maw divided hy thih averaue* and (he total mas* « thc volume lime* thc 
avcraiíe denury. IXmoting thc dcrtMty by/* . 

y - T ff> {ltT}0 g x |tf > w( i )t0 H kg W) _ ^ ^ ^ 

i« i-? x icr* 1 kg 

Note ibc convenion írom ^ cm 1 lo k ■ 

EVALUATE: Thc*c number* of parbele* are cach very. very largc bul are «lili much Icm than a googol 
lil iDEvnrv: Lct Ú be me fouMh forec. Find /KiKh th_n Á*- É + C* D^-\Á* 

Si:f Up: U*c componente and sol ve for Ibc componente D t and O r of /) . 
I \m i u : 4 - 4¿cctf 30A*- 4&6.6N* ^ v * Hmh M).0 6 - *50.00N . 
3 4 --S*m30^--40.0QX í. - +4co*M0*s tflJtM - 
C. *4Ccoi53.<r* = -24.07 N, C, = -Cnn53.CT- -3 1.90 N . 

Theo £> ■ -22.53 N , D --H7J4Nand D - » D* - 9012 N . laner = |íJ/D |-87J4/22.53. «-7534 a . 
{5 ■ l£0 D + a -256*, counicrvlockwíic írom thc *x»axiv 

Cvaia'aFE: As show» in Figure L68. linee /> and D are boib negative* D muit l»c in thc Ihird uuadtant. 

y 

0. 




*> 

Figure 1*68 

1.69* lof-vuti: We know thc magnitudc and dircction of thc mm of thc tvtti vector pul h and thc dircction of onc nuil 
Wc aUoknow that onc pulí ha& Iwice thc magnitude of ihc other. There are two unkc»^ :u ihc nugniiude of ihc 
tmaller nuil and itt direeiKto- A + B * C aod A iH - C gíve tw eauaimnx for ÉM two unknou n». 

Sr.r I'p: Lct ibctmallcr pulí be ^ and ihc larjzcr pulí be 3 . B-2A . C • /I + Sha* maeniludc 350.0 N and is 
northnard. Lcl »i bcca«and *r be north. - -Bun 25.0' and - ffco»25 + 0 J í (t . í l 5v* u \ 

^ muu have an ca*hvard cornponeoi tocwcl thc wcuuard componcni of 5 There are ther> two poMibilitie*. a» 
sketched ¡n Kigurei 1.69 a and b. Á can have a northward oompoocni or Á can have a louthward component. 

I \n i n : ln cilber Figure 1.69 a orK A t *B t - C. and ff- 2¿ grve* {2A)*m25tf - A%ta¿ and 57.7*. In 

FigimlM. A, tff -C,gh« U«ar+ Jcot57.7*^ 350a! N and ^^I49N JnRgure 1.69b. 

2^co»25.0 5 - Ac0fSZ7' ■ 350.0 N and H ■ 274 N . One wluiion hj for thc urullcr pidl tobe $7,T ca*i of nonh. 
In ihi.% eaie. ihe «malkr pulí t% 149 N and Ihc largcr pulí i* 29K N Thc other solution n for ibc «malkr pulí to be 
57.7 a cait of souih In thb case thc «nallcr pulí b 274 N and thc hrger pulí is 54% N. 



EVA1A aí»; Forme fin* soUiImxi* irilh A catf ol "d«nlt, ca¿h workcr ha* to 
rcsuliant forcé and thü (* ihc sensible dirceiMTO for the worker 10 pul) 



í\en les* forcé to produce ihe viven 





<■) Ib) 
Figure 1*69 

I.-m. iDEVriFY: FitkI the vccioriumof the two dUpUccmenls- 

SEfLP: Calhhe l*x> displaccment* ✓land ¿t.iríierc A -170 km and A - 230 krn . ^f*Ü- * Áarú Éwn 
as khmvn in Figure I 70. 

toO lll H —4+ ^ - 1170 knii un ' -* (2)0 lmUo\ 48 - 31 1.5 km 
Jt,*¿,*D\*íl70kro>co*ó**-<230 km>*ui 4S' = -107,2 km. 

107 J km 



R - J** + - JJ3I1.5 km)"* * (-107.2 kmf - 330 km tanfl. 



SI L5 km 



= QJ44 



■ IV souihof 



EVAUaTE: (>ur calcukihon asme cotnnonenu agrec* wilh Jt thown m ihe vector addilion ibaeram* Ficun: 1.7(1 




I «ure L70 

L7L iDEvriFY: Á + B-C <or B t A - C ) , The targel variable » vector A 

Skf Lp: Use component* and l!q.{ l.lOl lo solvc for the componente of A. Find ihe magniludc and dirceliooof 
A from i I* componente. 










-a 


C,aCcof22.0*s(iV40 c» 


n>cc*22.0° 


C.» +5.934 cm 




C,»Ciñ 22.0*^(6.40 a 


iUin22,tr* 


C - *2 J97 em 




^Jco^360*-63.Cr)^ 


(640 em>co*297d & 


fi\ =+1906 COI 




= ejnn 297.0* -<M0c 


mbni 297.0* 


A\ a -5.702 ero 





Figure 1.71a 

|b> A t -C t -B 4 -+5.934 ero- 1906 coi s +3.03 cm 
A t ~C t ~B^ +2.397 ero -(-5.702) coi - +R. 10 an 
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(C) 



L7.V 




A - ^<3.03 cm) 1 ■* {&I0 cmj J - H.6S 
d t 3,03 cm 



Figure 1.71b 

EVALUATE: The J wc calculaied aeree* qualitaiivcry with vector A m ihc vector ¿idduxiii 
1*72* Io*a iim: Add the vccickts utine the mcthixl of enmpeetent*. 

tttOn A ^O, A t = -H00 m -7.50 m, ■III», C = -10Om, C = -5.07 ra É 

+ C =-3.4 oí . A-H^fftC - —0*0? tu * A-3.4 m untf - 



in parí f a} 



O- \2 bclowihc -x-ax». 



-0,07 ni 

y\ l-.l 



1^ -,2U 



bclow the — x-ax¡* , 

EVAUMTE: The maeniiuile and dirección caJculaied ror Jíand 5 jrree «ira ixw vector diavramv 





I izurc L72 



[DBYT1FY: Vector ackliiicui- Target variable i* ihc 4th dihplaccrncnj* 

Skf L t p: Use a coordínale <y*icm u here eail n ta the *x*d¡n?ciion and niHth i* in ibe - v direeiran* 

Leí A* B. and C be the three di&placcmeni* thal ate gi ven and leí D he the Itiurth unmeaiured dikplaccmrni 

Then ihe rciulUnl displacemem U R - A + B -C t D And ¿ince «be cnch up back w^erc ihe starícd. R ■ 1» 



Á t = -L80m, A r =Q 

tf ( =Scos3l5 4 = <2IOn)ciM3l5^^IU5 
0 -¿itn315*-<2LO m)Hn3l5'--l4K5 
=Ccco60'- (2S0 ratecuMT - tn 
C. ■ C*»60 f ■ mJtraW ■ *242.5 m 




l-igurc 1.73a 

+ CJ = -{-L80m*l4&5m*l40mU-IWt + 5m 



Wnitv Phyucal QiuimíIks *nd Vector* 1»2l 



D ( ■ -{ * B t + C ( > = -<0- UH.5 m * 242.5 m) - -94.0 m 



1.74. 



L7v 




0 - J(-I085 m>' + (-94.0 rn) J = 144 



-94.0 m 



-0.S664 



D, -10R5 m 
0-ÍKO* + 40.9* = 220 9* 

I Ó i* i(i (he third quadranl lince bolb 
£*, and O t are ncgalive.) 



Ftgurr L73b 

Thc dirección oí Ú can alw be *pccificd ¡n lerrn* of ^ - 0 - 



40.9 a ; D h 41' «mthofttcsi 



EVAUUTE: The vector add ilion diagram, apoioximalclv to ¿cale, i* 




Vector i) m thi* dugram 
jgree* quahtaiivcly wiih 
iHir calcublion u*ine 



ngpn L7Jc 

Idevtifm Sol ve Ibr one of thc vector* in thc vector *um Use 
Skf Up: Use coordínale» fbr whteh *x i* casi and +y ii north. Thc veelor di*p!accmcnte are; 

A -2.1X1 fcm. 0°ofeaM; B -.V50 m. 45' *oulh oíco*!; and # - 5 .SO in, W catí 

I Am i n : C. -J^-^,*- B, =SM km -12.00 lcni>-Í3MkroHcci»45*)-IJJ km: C ( = JI, -ff. 

^0kni-0km-<-350kmHs¡n45*)-2.47km; C- ^1 JJ Icml* +<2*47 km)* ^IRlkro; 

í' -Un [l2.47kmiAi.Vi Lm)j-6I.? : north ofcwi The vccior addiUon diaeram m Figure 1 .74 dura* good 

qualitttivc agreement »ilh Ibesc valúe*. 

EVAUMTE: Thc third Ice he* in thc fu vi quadrant since ilsr and v componente ate bolh pmiiivc. 




r fcure 1.74 

iDf-vnfi: Thc mm of thc vector forcé* on thc heam uim to ¿ero. so mor v componente and theiry componente 
ium to zcro< Solve Ibr ibc eomponenis of /' . 

SEF L'p: Thc forcé* on thc heam are *kcichcd in Figure 1.75a. Choose coordínate* a* show- ti in thc sketch. Tbe 
1Ü0-N puH matea anangkof 30.0°+ 40.0 a - 70.0* with thc hon-foncal F and thc 100-N pulí nave been replaeed 
by iheir r and y condónente. 

E\i:cirt: (a}Thcxumof ihc v- componer** ¡*c<|U4lio;rcrogive* F 4 tOOQ Nicos70.Q D -0and Í1--J4.2N. 
The surnof Ihe v<omnonente ¿*cqual lo/crogíve* F t(IOON)*ín70.0 < '-l24 \ -Oand F - +JO.0N. F and 



íte componente are skciched in Figure 1 .75b. /* ■ J F¡ 



F; -45.5 N 



K M> 0 X 

ranct-í— L- and o- 41 J 

r J4.2N 



F » 



directed al 41 _V above thc *.v*axís ¡n Figure 1.75a 

\h) Thc veclor addUion diaeram b gíven in Figure 1.75c. F deiermincd ftom thc dugr^tn agreei with 
F calculaied in pan (a) usíng componente. 
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EVAUMIT: Thc vertical ctmiponcni of ihc 100 N" pulí ¡x lew thanibe 124 N wriyht f raiai ha>u an upwani 
¿oniponcnt if al) threc Itircct balance* 



1 100 Ni ™ TU 



H 





iOON 




y izure 1.75 



1.7*. lo*-Mif\: Thcfour ifcplaccmcals retara her tolwrsIartingpoinUiD D- -\A' B ' C\. whtn and 
í ' are ¡n Ihe ihrcc given di-tpl&cmctu*. and i) i* thc displaccnient íbr her rcluro* 
SIawí le: Let *r be wl and * i te north. 

ExucirrE: (■> D - -fll47 krn)*¡n85°* (l(ttkm)*rol67*+ (166km)<Ío2JS°)=-34J km 
D =4(147 lm^)caíB5 t *(l06km)«»l67 p t(l66km)coi2JS fl J=ílítl7 km, 

/J = J(-34 J km)" + (185.7 kro) J - IS9 km, 

(b)Thcditcct¡C4irtUc¡^loiKinhU ¿-ardan! " 4 " Lm 1 - 10.5" . Since O <0and O >0 . thc direelion of 0 

l l«7kmj 

i* 10.5* wcsItrfnoruY 

EVALUATE: Thc four displaccmcnis add to «n> 
1.77. lot.MJt\ ¿nd 5*;fL'p: Thc veclor Á ihai connect* pointi (* ( ,v,)aod h"* componen!* M ( -¿,and 

EncVTSS (uiAiwleofftfsilincb -'ÍÍÜ22Ü|-42* Anafe of second Une i* 42 P *3IT = 72* 



-25 : bch*v tfraiíhl Mi. 



rherefore .V - 10 * 250 coa 72 f = 87 . Y - 20 * 250 sin 72* - 25K for a final point oriK7 *258t 
(b| Thc computer serven now took* something lifcc Figure L77* Htc fcngth ihc boifcfm linc is 

JÍ2IQ-S7)%(2W-2S&r sl36 and ils dircílion i* tan í 25S ~"°° 

EvauiaTE: figure 1,77 a a vector addilion diaeram* Thc ved ce lint linc plus thc vector am>w give* thc \eetor 

tai ihc *<vt*íid linc. 



íin h mi 

























Figure 1.77 
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1-78. 



iDCvnrV: Le* ihe threc given dnpbcetncnt* be ^ , 8 and C ♦ where H - 40 *lep* > ¿í -KO 
C - 50 *icps . ií - J <- + r The dttplaccmeni C that * III rcUirn him tu bis huí ih - R . 
Si:t L'p: Lct ihe cati direetion be the i-x»direcr»on and (be nonh dirección be (he +_i 
EXEtirTE: (u) The threc di*placcmcm* mú their tvtulumi are *kctchcd ¡o Figure 1 .7S. 
|b) /f -(40)ci»4S s '|80Jci» 60* = -11.7 and -(40|iñ4S D f (H0)»ui60^-50-47é 

47.6 



The nu¡mitudc and direetion of ihe remitan! are JÍ-IL7)* > (47.6)" -49. 



Ll 3 



= 76*. nonh ofM. 



Vv c knutv ihai « t* in Ihe *ccond quadrani bccau&c tt t < 0 ♦ Jf r > 0 . To relum tt> the nut* Ihc cxplorcr mu*t 
49 %lcfi* ina direetion 76 touth nf east H ■ i . : . 14° eait of *ouih 

EVALUATE: )l U u*cful (o*how /í. . J? r and /? on j *kctch* so wc can *peelfy uhat anglc wc are compuung. 




Figure 1.71 

1.79. lof-vnFY: Vector ackhtion Onc vector and the turnare grvciK íind the secmJ \ceior (magnitudc and 

Sur V?z Let *x be casi and + v be onrth. Leí A be the dupUccrncnt 285 km al 40 0" nonh of we*t and lct B 
be the unknoiA'n ditnlaccmcnt. 
A t ü - /f where #-115 knx. catí 



EXttuTE; .< = -.*co*40.ir = -218.3 km, ¿ 3+¿Mn4a0»s +183.2 km 
A, s 115 km. * =0 



n-.cn íi . m Jkm, fi =-183.2 km + A - Jtf* *f - 380 km; 




tann ■ 8 | ; l>. 3 : kir»(333J km) 
vnithofc**! 



Fíente 1.79 



EvaUíaTE: The «tuthward componen! of B cancel* ihe northward cotnponenl of Á. The caMu-ard componen! 
of ¿f mu*t he 1 15 km larger than the magnitudc ofihe wc*twani componen! of A. 
IJII. lof-vim: Find the componente of ihe wctght forcé, uiing Ihe snecified coordínale direction*- 

Si: i Up: For pan» ta) and ibí. take +x direetion alone the hilludc and the +y direetion in the oWnwani 

direetion and perpendicular lo ihe hi)U»dc. For pan (c), a-i50 T and i» -550 N. 

Iaü i ii: (a) II .: ;i.. 

(b) h ■ heosa 

4c)TTwnuxÍmuman™ab*eweigh(b w=H;yH«n<ri ^(550 N^íWS^UíW N . 

EvaLVaTEi The componenl parallel to the bitl incrcaic^ ai tt inerea&ct and the componeni perpendicular to the 
hiLl increaies ai a 
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1.81. 



Idevtifv: Vector 
SiFlip; U*e 




iUi' i iic i - íiH'n¡ i l tk¡ thc *CCi ffid (orce 



Jt i* ibc íorce thc bíceps cxciti. 



(■{tire LHt* 

£ b thc forcé thc elbow exeru. É * B - JÍ, wherc A ■ 132*5 N and U upnard* 

--0wn43 a --lSS.2N, B - *£c«43 r - *169.7 N. =0, JI ( = *132.5N 
TTwi £ -+I542N. £*-37¿N 




lanír-|dr,/£,|=37,2/l5S.2 
ff-IT\ bcknv hor i/ontal 



EVALLaTE: Thc x-cornponcni of £ cancel* thc A'comftpnenl of /I The rcxullunt up^ard forcé ii les* toan thc 
upward compoocnl of B+ ¿o £\ muvt be dounward* 

LH2. Idevtifi: Fitkl thc vector *umof thc four dt*ft)¡iccrncnti* 

Si r Up; Tiike (he bcginníngof (be joumev thc oncin. with north betng ihc v-dircciion. casi thc v-dircciion* 
and thc r axii vertical. The fir*l düpbcemcrjt » then <-30 m)¿. thc*ccond i* (-15 mi/, thclhirdi* {200 mil. 

and thc Iburth w tlOílmt/ 

ExECL-f E¿ (a) Addine thc four dixplaccmcnti gtvex 

(-30 m)¿ * |-I5 mi > MÍtXt m)/ + (100 m)^- (200 m)i + <SS m)j-{30 na)£. 
<h| The total dítf anee travcled u thc xurn of (be dutance* of (be individual jcgirctir*: 
30oit15 m + 200iu* 100 m- 345 m* Thc maimuudc of thc toial diinlaccmcni ix; 



0 = JO; + ir>iV - J(200m)U(8S ra)' +(-30 m) J -219 



EvaJ-I'ate: Thc maumimic of thc uisplaccmcnl i* much leu ihait thc distante travetod oJoQg 

(JI3. IpeviiíY: Thcmmofthe fbrec ditploccrncnu mu*t be /ero. ihc componenix* 

■ 

Skf L'p: Cali the duptaccmcnt* A . B ♦ C and O , wherc 0u thc final unknown di.iplaccmcni for thc rctum 
ftom tbe ircanirc lo thc nak Iree. Vceion Á . and C are iketchedin Figure L83i. Á + ¿ + C + D-0 %zy\ 
A^B^C^D^-Orná A t ■* B t -t C t ^ D t =0. ¿-825 ra. J- 1250 rn, and C- 1000 ro Leí tt bceaarward 
and tv be oorth. 

KnCVn i.o ¿ t *a 4 *C 4 4 0, -Ogtve* ü t --(4.+í t *CJ=-<0-|l250m)iÍnM^ 

^ tfl tf.tfl -Ogive* D t *-{A t * tf, íC ( )--(-«5m4(l250ro|c«300 fl *[l(KOm)«n4fl r O^^-900ro + 
Thc Iburth di&placemcnt 0and it* componente are xketched ¡n Kigurc I K3K D - ^ly + D' - *>l I m ♦ 

■nú- L! 1 11 Rj ..iu; ¿-8.9*- Yon shouldbead wc*t ofioulh and muil walk 911 m 
^ 900 id 
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(b) The vector diagram U ¿Lcicbcd m Figure l,£3c, The final dsplaccmcm 0 Irom thi&diagram ¿urce* with (he 

vcclor Dcalculaled in part (a) uúng coinponcntv 

l-uiuii: Vite tiui i>U thc ocgalivc of thc mmof A , fí ,and í 




IJt4. Idf-viifi: If thc vector Iromyour tenl lo Joe'% i* ^ and Ironi your tenl lo KarT* n B , then thc vcvliw Irom 
Joc * icm to KarF* is A - ^ , 

Sur L'p: Takc your tenf* potition a* ihc urtum Leí +j he catt and +y be north 
Em;c i Ft; Tbc rxiuixm vcclor for Joe * Icol w 
(|2l.0m|ci»23 o )r : -((2LQm>in 2T)j - <19.» m)f-<8 JOS m)j. 

Thc poamon vector for KarT* Icnl i* (l32,0ra}Ku 37 p |í+(|310 m>m 3r|y-(25¿6 m)í + (19.26 m)¿ 
Thc diiTcrcncc bchvccn thc rwoposrtion* is 

(I9J3 ra- 25,56 oí )/ + (-8,205 m- 19,25 m)^--(6*23 m)f- (27.46 m)/ Thc rnagnitudcofthii vcclor Ulhe 
chalanee bctwecn thc two tonto: D ~ ^(-6.23 m)* * (-27.46 m) 2 = 282 m 

EVALUATE: )f both tenl* wcrc duc ca*i of yourv ote diitancc bciwcen ihcm would be 32,0 m - 2 1 ,0 m - 1 7.0 ta . 
If Joe'* duc north ofywm and KarFi m* duc wuih of yount. then ibc diitwce betwccn ihcm muid be 
32,0 m # 2 1 ,0 m - 53 0 m Tbc aclual eboance bctttccn mem lie* betwcn ibcsc timmng valué*. 

US. Idíaiuv: In Eip.( 1.21) and (1.27) wrile Ibe componente of .4 and B ta tcrnrcof A. í?,and Q M . 

Sirl.p; From AppcndiK B. cosí ti -/») ■ co«í cos/j^iintfMnoand i«i(<? -6) — s»niíco*/?-co*ií*«ifr . 

Exfxlte: (a) Wiih A m -ff -0, Ecj,(l 2l>bccomct 

A ± 8 t + A t B, - (A m& A )(B mfít\ + {A %m& t ){B %mfít\ 

A t B. * A t B t - AB(co% 9 fia* *V - mi; f^tm " # J i" . ■ ■- 1 fí, - 0¿) - ¿fí co« ¿ k wncre Ibe exprcuion for thc caria* 
of Ihe diftcrcncc bctwtcn mo angle* ha» becn u*ed. 
(b) With A t -8 t -0, C-CÍand C = |C,|. From Ecj.|l.27>* 

[l I I£}:cuÜ mi:^i ,«1*0,1 í^l^nj.r i' j| .Wtin0,nhcrc thc cxprcnion for Ine nne of Ine 

dilTerencc belwoen tn h odngki hai bcen uicd. 

EvaLItaTE: Since ihey arccqimalcnL wc may uw eilher l'<|.i I Ltf i «r i ) 21 ) for thc pealar ptoduel and ciiher 
(1,22) or (1,27) for ine vector product dcpcndmg on n htch \% thc more convcn*cnt ¡n a given anpl^Jtion. 
Ioí-MUY: Apply bp.íLIft) and (1,22). 

SKI l r : Tbc jingle betwcen ine veclon w 20" ^ 90° * 30 & - U0 4 , 

Encim: (■)Eq.(l.]B>pvDi Á *fl-(3 + 60 m){2,40 m)co« I-ii.- otC ni J . 

(b)Fromi:cj4L22Kihein)gniiudcofihecronpro I 5.55 m' and thc direclíoa 

(rom Ibe r¡ghl»hand n»k t b oul of thc page (thc »r dircclMn). 

EVALUATE: WccouhliUousc EqM 1,21) andl l 2?Kwnh Ibe componente of Jand B . 
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LH?. Id&viifi: ('nctiruiv lite mugnididc of (he ctos* product* Mnf» , to thc arca of roe puralklourani- 
Sil Up: Tbe Iwo «id» of inc puralklogram haw Icngih* .1 and B . & « (he ancle bciwecn /I and 0 . 
EXíXlte; (a) The Icngihof (he bate iiií aiul me brighl of me paralktogram ti .ísine*. «o ibc Arca h ABvnJ 
Thii cquuU (he magnitud? oí thc enn* product 

(b) Thc cnus product A* B u perpendicular ta thc plañe formed by A and a , w the ancle i* W . 
EVALUATE: )I n uscrul tocortüdcr ihc ifiecial c»c* 0 - 0" , ubcre ihe Area ¡«zero, and t) - 90° . where (he 
paralklogram becomc* a rectangk and the área i* .-fií> 
UMt. lo* vim ; Use Eq.í l 27) Cor thc componen!* of (he vector product, 

Sur L t p: Use coordínale* with ihc +iax» (othcnghL +_!■-. avis loward ihe lop oClhe page. and -t-r-axi* outof 

ihe page. A t - 0, A t - 0 and A_ - -3.50 ern . Tbe page i* 20 cm by 35 era «i B w - 20 cm and £. - 35 cm , 
EXEClíTE: (/Í*ÍJ -122cnr\(^*í| --TOcm'.J^xí) 0, 

EvaLUaTE: From the componeniA we ealculaicd ibe magniiudc oClhe vcclor product ü 141 cm" , 
J - 40.3 cm and ¿- 9CT. *o <4£tin? . i , . ■■. I , ch ■ a 
L89. lot-MlM: A and 0 are jpven in unit vector form. FiiuM, B and ihe vector ifeftcrcncc A-6. 
SO L e: yi ■ -2.00* * 3.00/ + 4.00*. É - 3.00Í * 1.00/ - 3.00* 
U*e k . ^ i. :i. J the magnitudes oClhe vecion 

IAm i n ; r» A = yf^^^A¡ = ^-2.00)* 4 (3.00) 1 * (4.00) ! - 5.38 

Jí:*flf + nf -7(3.no) í xi.ooj í 4(-3Aio( J -4.36 

(b) /Í-5^l"100i%3OOyf4.0Xl*i-l3.0lV%I.OOy- 3.0O*i 
/Í-5-(-100-3M)ít<3.00-LOO)j>(4.W-(-3MH^ 
<t> Leí C - ¿ ~ fl, 10 C 4 - -5.00. C, - *2.Ü0, C. m +7 00 

C-^C¡tC¡tC¡ = J(-5.0tl) , íi2ÍH» í K7M) i -8.83 

¿t - ,4 - -M - flh m> Á- B and 5 - A nave (he *ame nugniiude bul opposite direction*. 

E Y ama FE: A* B and (.'are caen Largcr Iban any of racir componente. 
1.90. Jin \ \ : ■. . 1 1 -_- ■ . 1 . 1 1 -_ (he «calar product and u*e l!q 1 1 . 1 K i to determine q , 
Su l i p : Tbe unit vector* are perpendicular to each other. 

EXF.tlíTE: The dircelion vecton each have magniiudc . and (hev «calar product is 
(l)(L|>(l)(-l)->(])(-]J--L %o ñom Eq< (l.)S>lheanglebetwccn the hondxu 



OTJ l 3j 

EvaUjaTE: Thc angle beiw cen rae two veclon tn (he bond dirccüoni u greater than *XI . 
I.9L iDBmfK Useraercbtioriderivedrar^iaiorProblein 1.92: C^A^B* *2^ficoiAwhere Uraeangle 
ber*«en A and A. 

l »: co*0-Ofor ^--90". co*^<0for 90' 180° and co*¿>0for 0 J <<*<90 0 . 
Em;c i ikz (u> lf C J - A : + B\ ^» - 0. and ihe angle berreen Aand É \% °4T<(he vcclorsarc 
perpendicular). 

<b> IÍC S <A 3 + B Í . cosí* ' 0. and (he angk betuecn ^ and B U grcaier UunW , 
¡o li ■ :> .-.-í» n. j!>J iHl- AaA¿ b^. -A í.u.d fí leiMhan 90*, 

E\ aUtaTE: II i* eaiy lo venfy rae expresión (rom Probkm 1.92 for ine ipeeial case* o -í» ♦ *bere C - A + B , 
and Cor .<*bm C ^ A- B . 

L92. lo* viu^; l_et C - + Jí and calcúlale (he scalar product f f , 
SETUF: Forany vcelor I a , P^-K 1 , á ¿- Jffcos(>. 

EXf.ci Ft; (u) Use (he lincarity of ihe dol producl losbow ihat Ihc squarc of Ihe magnirude of roe mm A * B is 

(-4+¿| jvÍ+5)=yÍ Á*Á B+¿ Á+B B-Á Á+B B+2Á -Í*Á t +8 s +2Á*B 
-Á* + B 1 *2AB<o*6 
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(b) Uiing Iho rciull of parí (ak with .1 - B. ihc condición w that A* -A*+ A* + 2A'co% ¿ , whkh sol ve* fbr 
. : ■ to*¿ and ¿- 120*. 

EVAUUTE: llie expretiion C' - A 1 » r? J * lABmf k callcd (he law ofeoune* 
.93. Ideviot: Find thc anule bctwccn specified pair* of vcclors* 

Skf UP: U« cos¿ ■ 

ExeClte; (a) lalong Une oí*) 

á^i + J + k lalong line tfífl 



So co^^^-^^i:^; 0^54,7* 

0» /I • / * i +■ A (along hnc dtfl 
B-j*¿ (along Imc <w) 

EvaUiaTE: Eaeh anglc ii computed tobe le» than 90", ¡n agreement wiih what » deduced from fig. 1.43 m 
thc textbocik. 

L94h iDíMin: Irte crau produel ^ * ¡* perpendicular lo both Aaad ff, 
Skf l e: Une Eq,( L27) to cakuUtc Ihc componente of Á * ¿ . 
Y-Xsx i n : Thc crou product i* 



■i 



13.KU 13.00 
brackcls is JÍ937 and so a imíl vector in ihi* direclion h. 

[-(Ll»)i : +(600'13TO|i-ílLCKi >13.00)¿ 



The muunitudc of ihc vector in ñauare 



The negativeof thü 



II ffl>)/~<6 + 00. 13.00)^^-11 L00I3O0)* 

1 



i* iho a umt vector perpendicular to Á *nd B . 

EVALUATE: Any lwo vector* inal are not parallcl or antiparallcl form a plañe and a vector perpendicular to boüi 
veclonf ts perpendicular" to thvt plañe. 

1.95. [Lii.Mitx jhlí Su i p: Tb: larget varuWcs are Ihc cpmponcni% of £ YVcaregivcn A and É. Wcakoknon' 

Á t and íf and thu give* ui ti*t> equacion* in thc two unknoun* C and C . 

I \m i n : i and C are perpendicular. *o ^ C -u\ AjCt+AjC, vvhicbgive* 5K\ -6.SC. -0. 
ÍC-ISAl. *o -3,5^*7^ ■ 15.0 

Wehavem<oequaiioni in two unkno*m C t and C . Sotving gives Q -H*Ü and i I i 

EYAUíaTE: Wc can ebeck inal our rcsull doc* pite ui a vector C that satúfie* thc twocquation* Á C -Q and 
¿-¿■ISA 

1.96. iDEvntY: Calculare the magnitude of ihe vector product and then uie Lqí 1*221 
M i Up: Tbe rrugrüludeof a vector ú relatcd lo ¡ti corrwwnente bv Cq (LI2), 
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. Jl -5.0OÍ + 1 2.00) 

EXECUTE: UxtfU ¿J?*¡a0. *¡nr?-J 1 — 1 l^-Oí^J and 

" I . ..i 

Ei'Ai-i aff.: Wc haven't found .4 and £ * jun thc anglc bctwccn them 
LOT. (a)lDUmFV: Provc that ¿ (fi*f 

Skf Up: flxprc*» ihc wa lar and vector product* in lcrrn*of componcnts. 
Encun 

Á-[ÍxC).A,iÍ*Cl-.A.{Í*C) .MtS-C), 

i - (* » c) « ^ ( a y c, - b.c, ) . ¿. (fl,c. - fl,c. ) * a, (a.c. - a,c. ) 

Comparison of thc cxprcction for i 0 1 í and í + /> < shows Ibey corriani the umc tcrrm. so 

(b) Idexiify: Calcúlale (.4* B)C^ given the magniludc And dircction of i. /í and C. 

Sr.r Up: Use Eq i I "í lo find (he magniludc ¿n¿l dircction oí A*B. Tncnuc know thc componen^ of jx¿ 
and of C and con use anexprcuion tikc Et|.(L2l) Id find ihc Malar product m term* of componente 
I -\mi ii : A ^ 5,00; 0,8 26.0* 08 4 00, 0,8 63.0 a 

pxfi|- H&*tn>. 

Thcuwlc ¿ btiwctfi J jhJ /( i*cou I ■ 0^0,-0, -63.0*- 26,0» 8 37.0*. So 
|j-5|-(5Wi|JO0) M tti?ü-];i>i. aml by ihc nghi hand rule Á*B i* inthe tr-dirertion. Tluw 
t i * B ) C - (I2.04K6 00) ■ 72.2 

EVALUATE: is a vector, so taking ¡ts scalar produel with C i* a legitímale vcvtor opetution, {Á*8\C 

is a «calar produci bciuccn two vectors so ibe rcsuli is ascalar. 

Idevtifv: Use Ibe máximum and mínimum valué* of thc dtmcnMom lo find Ihc máximum and mnumum arcas 
and volumcs- 

Skf Up: Tora rcctanglc of widih II' and IcngthX. ihe arca út ¿II". Tora rectangular sol id with dimensión* ¿ t ir 
and ti thc vxilumc h L Wtt. 

KxiXl TF.; (a) The máximum ard mínimum áreas are |1 W ||H" ■+ n | - /Jl" t/ir + £w, 

(¿-/((IT - vr) - /.IT —iW — L%\ wbcrc Ihc common lerm* ti* ha ve hecn ornitlcd. The arca and ib uncertainty are 
ihen WL ± (I9V * /.ni, %o Ihe uncertainty in Ibe área \% a - 1\¥ ^ í.\%. 

{h\ The Iractional uncertaintv in ihe área ii i» ^ ^ - ^ ^ ^L. ibciumof thc fraciional unccrtaintic« m thc 

J ^ in. £ ir 

len^th and widlh. 

(c) The similar calevilation to find ihe utKertainty v in Ibe rolumc wdl involve ne^lecting thc term* Mt /ílVi and 
í-wf: ai wcll ai M; me uncertainly in Ihe volume ii v ■ *H7/ + ¿h7/ t !.¡i*\, and ti 



. v tnw + ImH + t.m i w h , #- , „ 

volume ts — - ¿HV/ - — — ihe tumof thc fiacimml unccrlanthci in thc Icngih* width and 

height. 

EvAi-i \xft: Thc calculation auumct thc unccrla íntica are imall + *o that lermi iíivoIveílí pioducti of m*oor more 
uncectaintie* can be neglccled. 
1,99* lotXtOT: Add thc vector ditpIacemeniN of thc receiver and then find thc vector from thc quarterback to ihe 
recetver. 

SET Up: Add thc x-componente and 



Uiiils. Physical yuiumcs Vector* 1-29 



Ku( i rt : The rccc¡vcT*s position « 

0 I 90-6.0 1 12.0| vd>' » 11.(1+ 4.0 t- ISO] yd|j-(16.0yd)f » (28 O yd)}. 

The vector Irom ihc uuartcrhick lo thc recelar ¡* ihc rccciver** politlón minus ihc quartcifaick** position* or 
(l6.0yd)/-t^(3S.O yd|> . a vector vnih magro lude J(i6>0 yd) 3 »(35.0 \d) : - 38.5 >d . The anglc i» 
Ifi.íf 



.ir lLiIil 



35.0 j" 



- 246" |i> (be nghi of dovvntickl. 



Evajxafe: Thc \cc*or Irom (he tiuartcrback lo rcccivcrbas posilive v-compoocnl and posilive r<omponcnt + 
Iolmim: Use Ibc.r and y coordínales for cach object lo fiad ihe vector Irom onc object lo Ihc other; ihc dutance 
heivvecn ovo objccis is Ihc macniiudc of Ihis vector. Use thc scalar produci to Jind ibc anglc bctwccn iwo vectors* 
Sr.r I'p: If object A has coordínate* l*vr t ) and object Anas coordínales (Xj.jj). thc vector /^frornH \oB 

has v*compooenl x Á - i , and i componcrti y M -y A - 

EXKCUTE: r» The dias^ro ¡s sketched in Figure IJOü. 

(b) (í) IdAU, ^0.3 IS2)* * (0.9329)' =0.9857. 

[ii> In AU Jíl 3037)* + <-0.4423> J . (-4.0414)' = I JS20. 

(iü) In AU J<03182 - 130*7,' *(0*9329- (-0.4423))' tftWltf * L ¿95. 

(c) Thc angk bctwccn thc direction* rrom ihc Earth to thc Sun and to Mars is obiaincd Irom Ihc dol product 
Combinins Fquation* (MB) and (1 .21), 

r H)3l82Kl30B7- 03182) + MX9329K-0.4423-0.9329) 



9 - ■CON 



(G\9S57M tf>5) 



(d) Mar* could not tuve bceti visible Jil nudnijifrL because Ihc Sun- Mars anglc tí les* ihan 9íf. 

EvaUiaTE: Our calculations correctly give Ihai Mars is rarther from thc Sun than ihc canh i*. Nolc that on thb 

dale Mars iva* larthcr from ihc carih than h i* from ihc Sun. 



Un 




Figure I.IGG 

[DETVTirv: Draiv ihc vector additíon diagram Ibr Ihc posiiion vectors. 

Si:f Up: Use coordínales ¡n which thc Sun to Merak line lies along thc mxú. Lct A be ihc posilion vector of 
Alkaíd rclalive tothe Sun* U is Ihc posilion vector ofMerak relalivc tothe Sun. and A is thc posilion vector for 
Alkaid rclaiivc to Merak. A- 138 ry and W - 77 ly. 

Iaki n; Tbe relatívc positions are shown in Figure MOL M +í *«*3 . A % - M t * /¡.so 

A\ *-* # -A# 4 Ml3&ry)c«*25.6°-77 ly-47.5ly. Jl t -(l38ryisui25.6*-0-S9.6r>^ *-76.2ly¡s 

ihc dislancc herneen Alkaid and Xlcrak. 

(b)Thcangkisangle ^in Figure MOL. cos^-^-- 47,5 ty and O- 51.4' ilun ^ - 1 SO - - |>r . 

R 76.2 ly 

Fv ai.í \\\ .: The concepis of vector additíon and componcttls makc ihesc calculations ven* simple. 
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LW2. lotvnn : Define S m Ai + Bj+C& -Show ihat r 5 - 0 ¡f Axt B\ +Cz - 0. 
Si.r UP: Use I q (I .2l)t0cakubte ihc Katar pnxluti. 

If ihe pointi ¿uittfy Ax + By + Cz -0* then t S -li and al) pointi r are perpendicular lo JP - The vedar and plañe 
are tketched ¡n Figure 1 .102. 

EVALUATE: Iftwo vectora ore perpendicular their *calar product i* /cm. 
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Motion Along a Stkaight Lim 



2 



Skf L t p: Lct tt be upuard. 

IOQOm-63r« 1M 
Exccttf-¿ (a) v M ■ 197 ro s 

EVAUATE: Fot ib; firrt 1.15 * of thc fligfiU v - 6>,T * ° - 5-1 K mi . \Vhcn thc vclocirv bn't conitanl ib: 

averaye vclociiy depend* on thc time inicrval chtnen In thi* moikm ihc veloeity i* incnttxing» 
A* 

2,2. Idea fifi: v< = — 
Ai 

SETtfrS )3-5d*y*-l 166x10* I. Al ihc rclcav potnt, i - -5 150- 10* ro , 

x 3 -x, 5,150x10* m B „ , 

EJKECim (ai v -— -= --442 roí 

Ai 1.166*10* s 

(b) l'or ihc round irip. a\ - x A and A* - 0, Thc average vcloclly i* zcro r 
EVALUATE: Thc avetage vetocity Ibr thc trip Irnm ihc ne*i to thc rcica*c potrn i* pcHiiivc. 
1 3. IniMin: Targcl variable i.% me time Ar li take* lo makc Ihc trip in hcavy traffic. Use liq.i2.2l thal rebles iht 
averace vclociiy lo me dopbccmcnt and average time. 

Mili' v = —M*Ax-V AiaodAi- — , 

A/ 

E\j;c i tf.: Use thc informal n>n unen for normal dríving comfclkmfl lo calcúlate ibc duiarcc betwecn thc twa 



AY-i^Ar-(105km.hXI h/60mro)(l40roin)-245km 

No» u>c r^. a tfor hcavy irafTic to calcúlale Ai; Av ¡* ihciamc a* befoce: 

Ai 245 km 
Ar- ■ -3.50h-Jh andiOmm, 

Thc trip lakc* an additional 1 hour and 1 0 nunuicv 

EVALUATE: Thc time b ínverscly proportional to ibe averaue speed, *o ihc lime in iraffc ¡s 
<105.70Ml40ro)»2|l 



2,4. Ide-MIFV: The average vclocíty í* v tt a ~ Use me avetage specd for cach ¿cgmcnl lo frod thc time iravclcd 



in that icgmctu. Ibe average *pccd h ibe dütancc rravclcd by thc úme. 

Si r Ir: Tbepoal i* SO m we*i ofibc pillar. Thc loial dutance rravclcd ¡* 2QOrnt280m 

200 m 2K0 m 

EXíXLTE; (a) The easiward nui taac* time 40.0 * and thc uctfnarü run lakc* ■ 70,0 * . Tbc 

5,0 m* 4,0 m* 



ivcrauc speed lor ihc entire tnp w 4.4 m¡% . 

UO.Oi 

(b) v -— = " M ro =-0.73 roí, Tlic average velocily ¡scarcctcd wcituanl. 
** Ar 1 10,0 * 



: i 



1-1 íhuptrr 2 



EVALUATE: The cbtplaccmcnt ¡* mueh le» than the dbiance travckd and t he magnitud: of thc a venge vckKity 
i* much k*% than thc average «peed. The average «peed Ibr the en tire trip ha» a valué thai \k* bctween (he average 
ipeed for the two icgmeni* 
2,5» IDCVTIFY: When thcy firxi meei thc ium<if ihe ditfancc* ihcv tuve run i* 200 m 

Siif L'P: liach run* wiih comtani ¿peed and coniwuc* around Ihc irack in thc wmc inrcction. u> thc diilancc cach 
run* i* gira by d = vi . Leí thc two runner* be objecu J and B. 

Kut tu; tu) J , * */. -200 ni, so (6,20 m>*ir + íS-50nv*bf - 200 m and f ■ — — bI7.I i . 

1 1 70 m* 

<b) =v = (6-20rn/*)(l7,l*) = l06ni - *f a - »y = <5,S0 m *Hi7.l *t - 9J m Thc ía*lcr runner will be 106 m 

IVtim the ¿tarting pnint and the ¿lowcr runner will be 94 m ftom thc *tartmc putnt, Thc*c di*iancc* are measured 
around the circular track and are not *tra¡ghi-linc diilance*. 
Eyam fATE: The faster runner run* farther. 
2 A lofcMUV: To ovenake thc skwcr runner thc firsct time Ihc fatí runner mu*l run 200 m fartber, To ovenake thc 
sknver runner thc secend time the faMcr runner musí run 400 m farther. 
Sil ti': i and Y,.arc thc «ame íot ihc two runner*- 

EXEtUTE: (tt)Apply x-x p - i* t# f Incach runner <x-^l, =(6_20 m*)i and ■ * - -<5.5ü m'sir . 

r>- xj r -<x-*J *200mgive* (6,20 m'*)r = (5,50 rn.*i/*2Q0m and r - 200 m = 2H6*, 

6,20 m. » -5 50 m* 

= 1770 muid ¡>-x,\ -1570 m . 
(b) Repeal the cakulation bul now (x-xj, = *40Dm. i -572 1 . Tbcfa*t runner tu*i ra ve led 3540 m 

lie ha* made 17 full laps Cor 3400 m and 140 m pa*t thc tfanmg linc mlh¡* ltf*lap» 

EvaUtaTE: In part (a) Ibe lail runner will have run K lap* for 1600 m and will be ITOmpait thc *taning linein 
hb 9* lar. 

2,7. lotMirv: In time t v ihc S-wavc* travcl a di*rancc d-\\u and ¡n lime t, the P-wave* travcl a dutance 
ScrUP: 1,-4+Bf 

EXFXITE: .£.= ií. + 33*. jí ! 1 1 = 33* and d =250 km, 

v t v P 1 3,5 km* 6,Skm¡*J 

EVaLUaTE: Thc times of travcl for caeh wacc are J t — 7 1 * and i f -3S * t 

Ar 

J i >■ muí: jncavvragc vclocityñ = — .Ihc x<Mlo find t Por cachi, 

SETUF: at0>=0, at2.00 %) = 5,60 m t and x<4.00*> = 20,8 m 

EUXltTE: (a> v_ . = 5 60 ro "° = .2,80 ni* 
200* 

¿ 20,8^-0^ 
% ' *^ 4.00* 

i;\ Al t afk: The average vcktcity dependí on thc lime úuerva) being c<in*idered, 
2,9. (a) li>KMirv: Calcúlate thc average vclocityuiing Eq,(12), 

Si t l>: v r . d - — m» uic vj. # ) ta find thc ditplacemcnt Av for thu time micrval 

ExcCITTEi i -0: x-Q 

r = 10,0*: x m (2.40 mV>10/J <)' -<0.I20 1« * nlü.0 m = 240 m- 120 m = 120 m, 
Al 100* 

Ht)l0£Mi»Y: U*e flq,(2,3) to calcúlale r d (J) and evalúale thu expresión at cach *peci5ed t. 

SETUF: v -—-2ht- 
dt 

EXCCITTE: (i) r "0: r a «0 

<u) r = 5.0*: v, = 2<2,40 miVMS.O *)- 3(0120 oiVlCM *) J - 24X1 m l *-M m. l * = 15 + 0m'*, 

<UÍW = 10.0*: v-2|140»VKl0-0*)-3l(J 12f*ni% lüít'^i 4S.**ni , í^ít ;:.h m ^ 
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(tHotvnFV: find ihc valué nfjwhcn r M (í) fram pan <b) s 
SefUP: v, = 2A/-3rt > 
\\ = 0 al f -0. 

*; ■ 0 ncxl whcn 2hi - 3íf' * 0 

3r .HX.^íim-'s') 

EVAUiaFE: v ií i for ihú molion say* Ihc car *tari* from rc*t. snccd* (41. and liten tktm down again. 

Lli. Idevtim and Ski Uf: The m*tantancoui vcloeily U thc *lonc of ihc lanccnt lo thet vcTMiMgiaph 
Hvt.< 1 11 ' (a) Thc velocity i* zcro where ihc cjsph is horizontal: poinl IV. 

(b) Thc vclocily « con*tant and ptujirvc «Itere Ihc graph 11 a ftlraight linc wjih positive «tope; poinl I. 
(c}Thc vclocily ii con*tant and negalive where ihc grapa b a ¿iraicht linc wiih necative *lopc poinl V. 
(d) Thc ¿lonc U po*it¡vc And ¡ncrca*ing at poinl )). 
<e) Thc *lopc i* positive and decrcatmg Al poinl III. 
EyajxaFE: Thc *ign of Ihc velocity indícales it* direction. 

Z.l I* iDEVflFt : Thc average velocity i* given by v ^ - + Wc can find ihc di*placcmcni Ai íot each con*tant 

vclocily time inlcrval. Thc average *nccd i* ihc dUiancc iravclcd dividrd by thc time. 

Sür I r I 2.0 1 • **, ■ 2.0 ms . For f ^ 2,0 * ta I - 3.0 t . v, - 3.0 m < * In pon (b) 

\\ - -3.0 nV» for 1 - 2.0 * ti 1 ■ 3.0 * . Whcn thc vclocily 11 con*tant* Ar - v t Aí * 

Ext Cite: (b> For J - 0lo f -2 0** Ai -(10 nV*K2.0*)-4.0m.For f -20* 10 r = 3.0«. 

Ar-<3.0mV*KI .0*) = J.Om.Forihc fint 3.0*. Ar-4.0 m » 30 m - 7,0 m . Thc tad travelcd i* abo 7.0 m. 

Thc averaec vclocily ¡* v - — 2.33 m'i. Thc jvcucc *ticed i*al*o 2.33 nvv 

di 3.0 % 

(b) For . i.l t id 3.0 1, Ar-l-3-0m*M1< For thc firü 3 0*. \. I 0 m*{-3.0 mi - tl.O m . 

Thc dog rum 4.0 m in ihc +j -dzrcction and then 3.0 m in thc —x -dirccitoo* *o ihc dbunce travelcd i* Mili 7.0 m 

áx I.Om ___ . _ 7.00m _ _ _ 

\*_ - — - -0.J3 m s . Thc Bvnn sivvd « - 2.JJ mii . 

Af 3.0* 3 00* 

F\ Al t \rn: Whcn thc moiion i* alwuy^. in ihc «ame dircciion^ ibc duplaccmcni and ihc disiancc iravckd are 
cqual And thc avciage vclocily ros thc *amc magnitudc thc a\cragc *pccd. Whcn Ihc moción chance* direction 
during Ihc lime intervalo tho*c ouanlilic* are dilfcrcnt. 

Ul hn m n ^ andStT l >: - Thc inxianiancau* accclcraiton i* ihc *iopc oí ihc tangcni inihc r, verat* 

igraph. 

I \m i n : 1.») . m2 v ■#;2sto4c *].0mV;4«Ki6i: #^ wlj n>V ;6iloS*: 
^-UrtfitftliltK ^-UnW;»*!» 12c «^-2J«^;l2«lol4«: ^-Wtttf¡ Huta 
16*: j p d - 0 . Tbc accclcraiktn i* not con*tant CAcr ihc entine 16 * Unte micrval Thc acccIeraUon i* comtanl 
hcl*wn6*and 12*. 

<D> Thc graph of v ter*u* 1 a given in Fig. 2.12. r-9*; a -2 5mi 1 ; 1 - 13 *: a. -1.0 mi* ; j -15 1: a t -0 
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EVAUU1T: The accckraiiitt 
cQiurtfliMf thc 



it a comunl rale. Whcn ihc vcktcity 



rJmU 




- #W 



2*13* iDf-vim: Tbcr average *rctkrration for a time intenul A/ii£¡vcnby a t ^ A - — -« 

Ar 

Ski V?i A«umc (he car « moving in Ib: +j dircctian* I imb -0.447 m % . w 00 mili ■ 26.S2 mi , 
200 mi h - 89.40 m.* rod 253 mib ■ 113 1 nrt * 

EXFXt'Tt: (a) The gtoj* of verra t ii*kcichol m Figure 2.13. The graph n nol aitraighi linc. *o t 

jCCCIctjItoII 11 ni* 



_ lll.l in'»-S9.40m,5 _ ft _ , g rf _ ^ ^ of ^ ^ of wm ( dci . |ta ,„ u , jh,, 
53 i - 2D>Q i 

consiírtciu wiib an ivcragc accckraliori Ihai dccrauci in magmuuk during cach succraive lime ¡mcrval. 
EVALUATE: The average accckraikm dependa on ibc cheucn lime interva!. For thc intcrval belween 0 and 53 
113,1 nV*-Ü . , . 



53 



[rifa 




Figure 2.13 
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ta 

2J4. - _ -L, 0 t (r) i* ihc *lopc tiflue v 4 vcnui j granlK 

SVf L p: 60 km b ■ 16,7 m* 

EXECRE: Wfl^ l "" h "°.L7.tf-«^. > ""' h -Jrf- 

10* 10* 

<üi) Av. - O and 0, <A bQ.(iv) Av 4 -O and - 0. 

<b) Al r - 20 *, v a i* conrfant and d É - O.Al t - "o i . ib: craph uf v 4 vcmiu ti a *iraivfrt line and 

EVALlurE: Whui a mi and v t have the same «en ibe «peed « incrcaiing- Whcn thcy havc opptwiitc sjgn ihc 
*pccd is dccraaiing* 

dr (h* 

ZJ5. lot^im ¿iítd Sin Ur: Use u_ = — and a - — - lo calcúlale v.O> and iii/i. 



EXEtirTE: v ^ — ^ 2.00 cm * - (0. 1 25 cm V >i 



A 

[i)Aw-a r*50\0cm. i -2<M>cinv a t - -0J25 cmV. 
(b)Sei v. -0 andwrtveforr: i > 16.0*. 

(t) Sel x - 50.0 cm and *olve for /. Thb gíve* t - 0 and f - 32.0 ». The Itink mura* lo thc itarting potnt afler 

310 *. 

(dfTuitlc ti 100 cm faro siartii^rjoinl whcn x ■ 60.0 ero or v - 40 0 era. 
Sel *c 60.0 ero andiolve for/: 1-6.20* and f = 25.8*. 
Al f- 6 20*. v ( a+].23cm*. 
Al f«2SJ», v ( «-1.2Jcmv 

Set i - 40.0 cm and *olve Cor /; i - 36.4 * (other rool lo ibe quadralic cquation t% negative and henee 
nc4iphy*icali. 

At r * SbA s, v. - -2.55 cm *. 

(r) The grapn* ara ¿kcichcd in Figure 2. 15. 

'i 





rigure 2.15 

EvaLITaTE: Thc accclcralion i* conitani and negative. r. i* linear ro lime. Il ¡* ¡mliatty po&itive. ¿cercara* lo 
zero* and then become* negative with rocrea\rog maemlude. The turtle iralially mowi larther away from the origin 
bul then *lop% and move* in ihc -*'dirach«ro 
IA6. IdevTOY: Use Eq(2 4). with Ai -10* ro all cara*. 
Sur L t p: r. i* negalive 1f Ibe motíon i* lo the nght. 

I \Ml II: (■) (i 5 ÜOl l) ll.vDm v|> | II' *) ■ Mmiu" 

<U) i -\$ G m*)-(-S.0nV*)) (m%)- -1 Om V 
<c> ((-l5.0n*)-(+15.0 m*))/(l0f|--3.0 mV 

EVALIUTE: In all cara*, ihe negative accclcraiion rodteate* an accclcraiion lo Ihc left. 

Av 



LIT. Idea lir^ : The average accetcration t% & tt .. 

A/ 

Si:f l>: Auuroe the car goc& from ra&t lo65mth<29mi L i>in 10*. Inbeakrog. aMurnc thecargoe*fram65roth 

i» jeto in 4,0 1. Leí +x be in thc diracUon roe car i* Iraveltng- 

2°m*-0 , 

EXECITO (u) íi í(4 i2.9ms 

10* 
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M In pon (a) thc jpccd inereatt* mi thc accckralion b in Ihe kwiw dirccnon aithe vclocity. Ifihe velocity 
direction A potilivc. ihcn thc accckralion b po*iiivc. In part ib i thc rcpccd dccre 
direction oppoiilc to (he dircciiun ofihc vclocity. Ifihe vtlocity dircelion b poiiiivc then i 
necutive. and ¡í (he vclocirv director* b negative Ihcn (he accckratíon dirccltan b rxujhvc. 
Eyajxafe: Thc *tgn ofihc velocity and of ibc accckraüaa indícate Ihcir dircelion. 

¡.18. Idea in ^ : Tbc a-. 



íi 0 -¿Ü. U*c v (i) lo fiad v 41 caen A The 



l>: v(Q>-3.0Qia»and v (5 00 1>- 5.50 m* 
Av 5.50 ms -3.00 ni*. 



5.00 s 



I.^I.Mni , 



(b) — i--(OJOOm h s'K2í)-(0.200ittVV- Al í = 0. 1:. -(LA:.* -5,00 rt, .j -LOO mV . 

(c) Graph*of and are givcoin Figure 2.18. 

Lvuimi: b ihe tüopc . 1 v 4 </> and mércate* ai / Lacrea*» The average accclcration for : - Oto 

r = 5.00 soqual* (he iralanlancou* aecckraixm al thc mxlpoini of ihe lime inicrval* l ■ 2.50 1, unce a.U) ka 
linear function ofr. 

40) 

■ :- 
*" 

15 

U9 
I 

M3 
*5 
U3 

Figure 2 JH 

2.19- (a)lDEVTin andStTlIr: v t i* ihc sJopc nfthe i vereut /ci»av and a d b thc slopc ofihc v 4 versu* r curve. 
EXECUTE: / - 0 lo J - 5 * : * vtrau* r ti a parábola *o a. b a coralam Thc curvaturc b noiuivc %o a t b 
po&it¡vt r, venia r b a ¿traighi Une wirh poubve alone. -0. 

r - 5 * lo t * 15 % ; * verau iba «iraight line %o w a b comtani and o t ■ 0, The ¿lopcof r vereui f b pon uve «o 
v A b poñrtvc. 

r - 1 5 i lo / - 25 »' t vemii j w a parábola wirb ncgairve curvaiurc. li conitant and negalive. v É vcmii ■ u 
Klraigbt Une with negative *topc Tbc velocity bwroat 20 *, poAitive tor 15 * lo 20 and negative for 20 » to 25 s 
f - 25 s (o f - J5 *: í vera» iba «iraight line so 1; b comtani and a t ■ 0. Thc dopc of 1 venw / b ncgaitve v 
\\ b negalive. 

i ot!tw-^h:i verau iba parábola iftiih poiitivc cunaiure, 10 o 4 1* conr-tant and pouih h e. v. vermi 1 rt 
Mrjiuht line wi(h noxitÍi*e «k>pe. Tbc vetocity reacbci rctv al t - 40 1 
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The 



of v.(i) and i7(M are &keichcd m figure 2,1 9a, 




mi 



Figure 2.19» 

Ib) The moiHHis diagramsaje sketched in Figure 2*1%. 



'(0 



/, -O 



Figure 2.l9h 

EvaUiaTE: The *p¡der ipeed* up fttr thc firtl 5 *♦ *¡nce >; and d L ate boch po*iiive- Siarting al f - 15 1 ihe 
*pkler Mari* to *low óm*n + siufii mcimenlarily al i - 20 *. and then move* in ihc «pp*witc dirccikm, At / - 35 ü 
spider * larta to *law *ki»n again and Mop* Al J - 40 v 

1,20. Ideviifv: v rn-^and ¿ ;n iL 

i» or 



tu*i ii : (■> v M9-60mVfr- (0.600 inV'fr* and ü 4 <J>-960mV -(3.00 m/*' y* .Setltng v -Ogivcs 
r - O and i - 2.00 * . Al f ^ 0 . * -2J7 muid a t -ni)nn Ai r - 200*. * = 15.0 m and «-38,4 mV 
Ib) The trraph* are givcn in l'jeure 2,20, 



2*9 < h jpirr 2 



r.wmrt: J ur (he cniuc hmc micrvjl ftum / - O lo / - 2. 00 ■ , ihc vclocity \\ i* posiljvc aitd.v 
Whilc i/ t* atui rpoihivc thc «peed incrcaNC* and whilc a is nctrative thc *pecd dccrcaic*- 




1*. 


ir) 




15 






IH 




















«5 
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2.21. locVTlFV: Use Ibc ccaitant aeccieration cquativni to find r,. and cr d 
Í*)Str Vr: Thc situatíoo b -¿etebed in Figure 2,21, 



■ — í 



i - TO O ni 

r - pao* 



x - ^ 1 70.0 m 
f = 7.00 1 
r m ISOm-i 



nmui 



tl?0 0 d) 



-l50tti*-5Gm* 



5.0 m'a-S.O mí 



L4Í mi- 



f 7.00 s 

EvaUiaTE: Tncavctagc vclocity i* (70.0 mi<7 00 *) - !0J) m*. Thc final vclocity úbrgcr than thi&*«oibc 
mtckipc imut be tpceding up diinnv thc time intcrval; v tí < \\ and a l > 0. 
iDiOTin : Apply thc conMant accclcration kinciraltc cquitions* 

SO L t p: Lct +x be ¡n Ihe direction of tbe motio«i of ihe pfanc. 173 irab-77.33 dVi. 307 ft -9157 m. 
EXECirT E: (■> v ét ■ 0 , v * 77 JJ nV* and x - x e * 93.57 m. ■ *¿ + 2f (x - x D > 

l.' = 32 .0 m. i . 

2(x-x,) 2(93,57 m) 



Ib) i 



, _ 2<j-x 0 ) 2(9X57 m> ^ 



2 / Pt+T7JJ«W 
EyaUUTE: i ithcr i\ -v,.*tf.for x-Xe * v^r-tytf/'could xJ*o be uied i« üttdí and *uukl giveibciamc 
repulí a* ui paít (by 

L2& iDevnrV: Forcon»lantaccclcnit¡on f I^vC .8M2,I2M2 I*>and<2>l4|appty + 
Skf Up: Asúrame thc hall it&rt* (rom rcit and moves in thc t vdiaviioo* 
EXECLfE: r» *-x, -l.5Üni , v. -45X1 mi and i;.. *0 . b»¡. * 20,(x-x t )givci 
^^^^ 
2(x-x«> 2(1.50 m) 

fv. tv ^ . 2(j:-xJ 2(1.50 m) 



pXvaIüaTE: We could 4 



use v. - r, ■* a í tn hnd } ■ — = 

<r, 675 m l * 

ptcvHHit rev,ilt. Thc atrtrclctation »í thc ball h vcr\ p Urge. 



45 0 nti 

r - 0.0667 * wbicb awtvc* with «ur 
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2*24. iDEvnrv: Fot consiant acccleration. Eq*. C X» .(2 ,12), »2 1 3) An d (2 14» apply 
Si: r l e: A»umc thc hall movc* in ihc +x dircclkw, 
I \m i 1 1 : i.u v -73*14 nV*. v -Oand J- 30,0 ira. v m* +at give* 



,H-" l4M ;",2 Mw ' 



t ■ * 

EyaUmTE: VV< rcould jIid ibc x-x,, » v M i t yif/ 1 loealcublc *— j^; 

x-x« = 4(2440 mi^ I H30.0y(0 * *) ' - J 10 m . whkh ogrec* wiih owprcviotut rciuH. Ibc deceleraban ofthe hall 
i* very I;ií ge. 

2.25. Idevtifv: Auumc tkii ihc accclciaiiott U crottani and anpdy thc con&tam accelcrniKin kincmaiic cquition*. Sel 
1 1 |equu) lo iti máximum allowcd valúe 

Si;f Up: Lct *x be iric dircction of ibcinítial velocity of thc car --250mV, 105 kmb -29,17 mi . 

EXF,tl n; i^_-+29.17 m'st. v. *0. v¡ *ií + 2d.tr -Orives x-x+ + — — — - ° l'29»17 res) ^^^ m 

2a t 2(-250mV) 

EvaUiaTE: Thc car frame itor* over a fthorter dbtancc and ha* a brger imgnirudc of acccleralioa. Parí oí your 
1,70 m Kiuppang dutance a ihc rtopptng dniancc of thc car and parí ishcw far you move retitivc lo Ihc car w hik 
¿lopping, 

2.26. loi \ iim: Apply conMant accclcraiion cquation* lo ihc motion of ibccar, 
Skf L t p: Lct tx be ihc dircction thc car tí moving, 

EJBCUTI: (ti) From 1=0,(2,13). wilh v. =0, a = ¡J mft) _ } 6? . j 

^ " * 2<x-x e ) 2(120 mi ^ 

<b)U«ngEíj,a UXi-^-^)/v »2(120m)/(20 id/s)-i2«. 

<cM12tH20m/»^240 m, 

EVAUUTE: Theaveragc vcktcity of thc car i* balf thcconitant ipecdof ihc iraífie. *o ibc iraflíc iravcU twicc ai 
lar, 

¿y 

2.27. lot.MlH: Ihc average acccicration i* a„ t ■ — 1. Fcr conMant aecclcration. Kqs (181 (2,12), (2, 13} and (2. 14} 
appty. 

Sur Up: Auumc thc ihuiilc travcU inlhc tx dircclkm. 161 km h -44,72 mi and 1610 kmili - 447,2 m.i . 
1,00 min -60,0» 



447 2 m*- 44,72 m * „„ 

[n> , 7,74 nVi 1 

60.0:^-8.00* 



[n} Af ■ 60.0 x -8,00 a = 510 ji . v to ■ 44,72 mi . and v ■ 447 2 itv* , 

í v fc +v. 1 / 44,72 0***447,2 ro 1 »! „ A ilt 
i 2 ) 1 2 1 *)-L28>10* m. 



x-x, 

Ei \n vil; \Mtcn thc accckntion i* consiant thc in^tantancoui accclctation througbout thc time ínlcnil cimaU 
thc average accclcratíc4i fot that lime ioicrvil, Wc could have calcutaicd ihc düUncc ¡n part ai 

'"^■V*^/ »T(5.59mVK8W>) ? M79m. wniebagrec* withourprcvtouacalctilation, 
Z.2S. lof-N iifr^ ; Apply thc con^tant accclciaiiivt klncmaiic cqtAtions lo Ihc motion ofiltc car. 

SKF Lp: 0,250 mi ■ 1320 fl , 60 0 mph ■ RS,0 ft i . Lct <-x be Ibe dircction thc car i* iraveling, 

I \m y n : I.D r-ul. i: v tJi -88.0 R%, x-x^ilíAft, v. -0. r,'-^ ^^(x-jj gtvc% 

21*-^.) 2(14611) 
Spccdingup: i* -0. »-» . -1Í20 It . í = 19.9*. «-'."U*,"! - ' gira 



2^ = 2(1320 íl ) = 6 67ftV 
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n^t^i -04(6.67 aV)|l9.9*> = 133 a*- 90.5 mph 



[Oí 



l-BJM 
- X32 ?< 



:.:9. 



tf ( -265 ftV 

EVAlxMTE: The Ttiauniiudc of Ihc accclcraiion whik taiking is much Urgcr (han when *pccding up Thai ¡* i*by 
ii lakc* mucb longer lo go from 0 lo 60 mph Iban lo go from 60 mph lo 0. 
IDECTIFY: The accclcrauon a u thc slopc ofihc eraph oí 1 v versuir. 

Skf UP: Tbc tigra of v and oí a t indícate ibcit direclkmi. 

EXECUTE: (a) Rcxdinc from thc gr aph t al t ■ 4.0 % , i\ = 2.7 ern* . tothe righi and at : 
lo Ihe lefl 

. B.O cm.1 



, i> =l.3cm*< 



S D 



-1,3 cnvV . The accckration a conMant aitd cuual tu 



■ v:u i :hc kti [i 



thu valué Al all 

(c>Since the accelention ti contfant, x - x„ « t^/ +■ ¿a/ 3 . For r*ito4J% 
tf-Xj = (8.0 etn* 1(4.5 sl*^(-1.3 cm^«4 5 s) J ^ 21K coi . For r = 0 to 7.5 
x-x a = (H.O cmi)(7 5 *)-ty(-l3cmV)(7.5 *)* = 23.4 cm 

[d) The grapbi of ti andx tvnui r ¿re ai ven in lie 2.29. 



EVALUATE: In parí <e> we cauld tuve 

«i 




Z Ji. IDEVT1FV: Use Ibe comtani accdcration cquatiora lo find x, tá, , v, and Ibr cach conMani-accelcration 
%cgmcnt of ihe moijon. 

Si:f Up: Leí +x be ihe dtrection of mation of ihe car and leí x-Oal thc fin* trallk lighi 
EXEtirTE: [i)For l-0ta í-fli: — K + r > X J °^ 20 "Ha ■» 

A * ** >0 * - ^ - f2.50 m¡V . The carniove* from x = 0u> *-80 ni . The velocily v wicreaie* lincarlv 
from /ero lo 20 mJ% The accelcmion u i con*iant 2.50 raV . 

Con*iaitt fficed Ibr 60 m: The cor move* from x = 80 mío x ■ 140 en . v 4 b a contfaitt 20 n >. ,j - ■* Tbi* 

míen j) turti xt j - H * xnd continúen until / = *Sk-lh. 

20 mis 

Slowing ftom 20 mi until itopped: Ihc car move^ from x ■ 140 ni lo x - 180 ni . The veioerty deercase* linear! v 



from 20 mi lobero, v- <, 

■ ■ . . ■- 



■ ■ • 



t me» ; 



2T4Q ra) 



2 y 20rns*0 
-5.00 mi J ThbMmsil ixrrom / - II * lo ¡ - 15 * . The accelcration h a 



2*40 ral 

The grapht are dran n in Figure 230a 

[b) The moiion diacrara i% ikeiched in Figure 2.30b. 



Manon Atong j Straight Une 2* I l 



EvaUiaIT: Whcn a and v are in (he same dircction. (he speed ¡nocj^ < j - 0 lo (■&■]. Whcn * and y are in 
orpoMic dircctionv ibc ipeed óccrca«* ( j - 1 1 * lo j - 1 5 % l Whcn ■ l. »need n constan! j - 8 * 19 f -11 * , 




F%or* 230*4) 

(a) Ideviifv and Su IT: The accclcration j at time r i* (he itope of thc 



T 

to (he ¥ term* i curve al 



ExixlTE: Ai i -3 the v venus j curve rs a horaontal strjíght Une, wiih /ero slopc. Thus j 

45 nt s -20 m s 



- (»x m S 



*s-5s 
-0-45 n/i 



Al f - 7 i, ihe i\ versu* f curve iu srraighMmc segment vnih «lepe 
rhui ü w -Um 1 ^. 

\\ r - 1 1 * ibe curve i» again a straight-line vccnxnL now wirh slonc 
Thui tf.--ll.2mV. 

EVALUATE: ¿i. - 0 wheo \\ i* con*lant, a M > 0 when r t i* positive and ihe «peed rs increaiing, and a 4 < 0 
when i*, i* ponitíve and (he speed U decrcasing* 

Si: r I.'p: Wc can u*c ihc contiani accekration cquaiiora onry Ibr bme ¡ntcraib dunng wh*ch (he acedera tícm « 
¿on&iant* If nccciiary. break thc mution up into constan* accelcraiHm icgmcnt* and appJy (he conMant accclcralion 
niuatíon* Ibr each segntcnt. For ine lime ¡ntcrval / -0íor-5s me Deceleraban h comtanl and cqual lo xen>. 

For Ihc lime imerval f « 5 s to í - 9 * ihc accclcraiton i* cnmlani and cqual lo 6.25 tti-'s . For Ine ¡ntcrval / - 9 i 

lo r l 1 ^ ine accckralion j% con*lani and cqual lo -1 \ 2 m'i . 

Eu;c t ti : Durinit the finí 5 %ccond* (he accekration a conMant* mi the conMant accclcralion kincmaitc formula* 



ZOnVl *0 / - 5 * J-J^»? 

j — x # ■ v ui í (íi 4 - 0 m> no jú.J* térro) 

í-t^ -(20mii)(í *)-)00m; thu n (hedUiance ibe officer (raveU m the fin! 5 %econdv 
Dunng ine ¡mcrval I "5 1 to 9 * ihe acceleralion U aeain comunl. Thc comían i accekration IbrroulaN can be 
ípplicd lo IhU 4 tecond inler\ h al tt » convcnicni to renanour dock *o Ihe inierv al siartt al lime t - 0 and cnd*a( 
time i - 5 v (Note inal the acceleration « *wr comiani over the enure r^O tor--9% IniervaJ.} 
* 20 ro/s a f -6 + 25n>X' f»4* > HKim a--a^«? 

y-j. - 120 miK4 «)-»7(6_25 mi J H4 s| J -80 m * 50 ro- 130 m 
Thiu z-x >]30cn-L0Drof BDro-230 m. 



2 12 íhjpirrl 



Al f - 9 * Ibc oflkcr ¡«al * - 230 ni, so shc ha* travelcd 230 ra m ibc fina 9 *ccond*< 

During ibc inicrval í«9a t« f - IJi thc accckration i* agam conujui Tb: canMant accclcration formula* can be 
Applied for thr* 4 *ccond ¡ntcrval bul ñor for thc whok J - 0 lo j - 13 % xnicnal* Tou*c thc cquatkot* rcsUct our 
dock *o Ibis inicrval begini di lime / = 0 and cikJn al time f ■ 4 i. 
- 45 :m i iii ibc itan of ibi* nme imcrval) 
r*4i 230 ra 

*-* # = (45nV*K* *)tf(-U2 mK'Ki *)* - 180 m-896 m - 90.4 m + 
Thu* t-* t »90 + 4m : ■ i 1 :»^320m 

Al fallí ibcofftcer i*at x - 320 nv *o*he hai travelcd 320 m in the lirvt l3*cconck 

EVALUATE: Thc vcloerly v U alftap po*ihve mi thc di&placcmrut ix alway* pcuilivc and di*placcmcnl and 

düiancc itavcicd are thc tan* Tbcavcragc vclociry for un*: intcrval Ar b v - Ar 1 Ai* Por .*■-*> lo 5 s. 

s 20 m.i. For f -0 to9 *, -26 m*. For t - 0 lo 13 *, v V4 -25 nYs* Tbeic result* uc cor&iMcnt wnh 
Fi& 2J3. 

Z Ideviwv: In cach comtanl accclcration intcrvaL Ibc comlam accckration cquaiioni apptv 

Srr L t p: Wben a. b consiant. thc graph of v venus / U a suaight Une and thc £faplt of i vcrxus t ¡* a parábola 
Whco d -0, v bt conitani and * vcmiw u a ¿iraight linc. 
Jah i ii: Thc graph* are given in Figure 2-32- 

Fyai i afe: Thc slope ofthe * vcr*u* i graph i* \ U )and thc slopc ofthe v vcimu i graph i* l, i ; \ . 




1 * 




Figure 2 J2 

(a) Iofmify: The máximum %prcdoccur* al thc end of ihc uiitial accclcraiion period, 
Scrlto - 20.0 mV /> 15.0 nún- 900 < i^-0 v,-? 

I' \ m i l t ■ r f > + '2«0ms ; M9üü*>-LHO*H)' mi 

(b) lDEKtlFY: Use cocinan! accclcration formulas lo find thc dUplaccracnt At Thcmotioncon«i*t*ofthrcc 
conMant acccleralion uUcrval*. En thc muidle «egmenl ofthe tríp j. - 0 and ■ I.SOxIO 4 nti* bul wc can't 
directly ñnd thc diMance travelcd during ihw pan of ibc inp becauie wc ckin't know ine unv ln%ica¿ find thc 
dfxiuntc Imvcicd in thc lint part ofthe tKp Iwbcre j. ■ -»20 0 tn^ L }and in the la*t pin of ibc inp («Itere 

o t - -20.0 inV ). Subtract thc*e two diitancc* from ibc loial dutance of 3.84 >■ llV m tofind ibc ditUnce Uavelcd 
in the middlc pan of Ibc Uip<wherc .j -01 



taVft r<l50mm-900s a t - +20.0 m^ 1 v (t *0 

t\í< i ir: =0+4<20.0 m'^XWrf -8.10*10* m-S,l0xl0* km 

¡gfiggd hcgmcnl 

%tfU9z x-Xi*? J*l5flmtn-900< a t - -20.0 m*' 

EXECIÍTE: i - v. -|| .SO* 10* sM900swl|-20.0 " )|W0 *r -M0*|0 V pi-MO^lM im (The 

J[%tjíxc 3* travelcd ai m the luvt &ct:nicfiL) 



Molnn Akiag u Straight Une MJ 



Thcreforc. ibe dulancc Iravclcd ai conaant ipccd w 

3Wxltf ni -8J0* ID 6 m-8.IO*lO* ra - 3,678 - 10* m - 3.678 * 10' km 

The fraction thb bof Ibc loial diilancei* * " - -s 

3.84 *l<f ra 

(c) lot.\iiH : \Vc know thc time for cach accclcration period, so fmd ibe lime Ibr Ihc coratani «peed 

surun ■WTííio'm r siMxio 1 mv* * -o f»? 

*to 1.80x10* m-K 
The total time for ib: wholc trip a thu* L5.0mín* 340.5 min+ IS O min - 3"0mm. 
EVAUUTE: Jf thespeed w a* a con* lant ] KO-10' nv* for thc entirc trip. the trip would lake 
(3<H4xltf mV{KKÜ*IO* mfc) - 356 min. The trip acioally takc* a bit longcr iban thw lince Ibe average vclocitv 

Icwihan 1.80*10* mii during Ibe rclativerybricf accclcration pha*c*. 
L34. IDMHR UsecuQitdnliccekratíonequaiioni tofind r-i, for cach xegment of the motum 
Si: r Up: Let *x be ihe direction the train i* iravcling, 

EXKCUTE: J - 0 lo 14.0 k x~x t ■ v,.J+-Jtf.f > » yU.ÓO mV)(L4.0s) : ¿157 m. 

Al f * 14 0 1 4 the ipeed i* r t sv (( +aj -(1,60 raVl(14.0*)-22.4 mi . In ibe nexi 70.0*. 4, -0 and 

* - X. * W ■ 1 — 4 ra«(70 J> i) — 1568 en . 

For ibe inlen al during whtch the train i* Jowing ikmti + i- t ■ 22 4 nV» , a - -3.50 raV and v - 0 . 



+ 2d (x-*) tnvcx j-* "la : '«72 

4 H * ' * * 2* 2<-3J0 mV> 



The total di*iancc traveted ü 157 m + 1568 rnr 72 ra- 1800 m. 

EVAJA'aTE.: Thc ¿iccclcrainxi i* nol v**ti*tjnt í*>f ibe entirc misión bul it doc* connit ofcore&iant accclcration 
scgrncnti and wc can uic conMant accclcraiion ccjuationit for cach icgmcni 
l .35 iDfcvnn : i lii i» Ibe ikipe of the z vmw r crapb. Car B more* wíib cooiUnl ¿peed and reta acccleration. 
Car A rnovci wíth ptHÍlive acedera t ion: jnuime Ibe accclcraikm \* consunL 
SKI Vfi l ■. .: t\ t% positi\e and o t -0 + ror : a, Upoúltveand t 4 incrcaic* w»ih t 
fcvt c i n : (n> The moi™ dngraim for Ibe car» are giveti üi Figure 2.35a. 

(b) The ■ ■ " can have the ¡tamc pcaition at lime* when thetr M grapha crc<u + The llg\ire in ibc probkm show* ibis 
occun ai appmximaiely r - I * and t - 3 % . 

<e>Thegraphi of v, vei%u&f foreach car are xketched ¡n Figure 2J5K 

(d) Thecar& have ibc mme wl*viiy when their w graph» ha\e ibe iamc *lopc* TbÍN occun al approximatvK 
r-2i. 

it) Car A paMe% car B when t i mirtc^ above x 2 m ibe x t graph. Tbi* happcnN al r = 3*. 
(OCarí paira cuA when x, moveiabcne x t ta thcx r graph. Th* bapnemai * -1 % 

EVALUATE: When *j. -0, thc graph of i* t versu» r i* a horizontal hnc. When a. ú no*iti>e .Ibc graph of 

y vernu iba xlraight line with p*wiii\e slopc- 





i - I» 

w 

IÍture2J5a-h 

L3Íl iDEVtin: Apply the con&tant acceleraiion cquation& lo Ihc motion of each vehietc. The rruck nais^ thc car 
when ibey are at ihe ume x at ibc lame i > 0 . 



2 14 (hupCrrí 



Stf Up: Tb: tnxklus a -0. The car ha& i\. -0 



¡he dir ccixin «f 



fihc vchicks, llo(h 



vehklc* «tan al ■ 0 . The car tus a, -3.20 m*" , The crack ha» i . - 2011 m s 

EXECLTE: (■> x-x, *v fc /*-Jir,r'giv« x, si* u1 j and -j t j" . Scrcing *, = give* j -Oand v J( --^J - 

f 2(20 0 m y - 115 % . Al ih»i. *. -(20Alm*Hl2.5*)-25Gmand r-i^JDiBtfXIZStf «250 

fl tf 3,20 m'x* 

The car and crack haveeach travclcd 250 m. 

[b)Ai :: 5*. che car h** li-i^ ta,/ *(3J0 mfc'xiU *) «40 mx . 

■ í ) x t ■ v 4l r and i t & ¿a, i* . The x-t graph of Ihe motioci for each vchick i* dtelched ui Figure 2Jóa. 
(d) v, « r rt . v, ■ d^f . Ttae r. -i granb for each tchiclc i* iketched in Figure 2.36b. 
EvauiaTE: Whcnchecajoverukc* ihe iruck iu ipecd ta Iwicc chat of che cruck. 





" 



Forconsiant accckranon. Gq«.(¿». (2,12). í2J3)and(2,i4>apnly. 
SefUp: Take »r lo be down^ard. mi che moción is in (he *r dirección. 1 9*300 kmb -5361 m* . 
1600 fcmvh -444.4 m% .and 321 krob-S9 2m*. 4,0 mm- 240*. 
I \n i 1 1 : (■ )-...■■. . r- 240i. v 11f -5361 nV* , r - 444.4 ms. v t » v Uí +af " 

fc-v.. 444.4 nV*~5361 nui 



--20.5 m.»\ 



í 2*0* 
Scage£: f-^i. t* t( -444.4 mi» r y "! 

fl _ i%-v„ , B9Jm*-444.4m,j ,_ 3 

r 94* 
ScageC: j-jv-75id, v 0 ,-89.2nV», v t »0. ^ *i£ +2*,(y-;vjgive* 



2(75 m> 



- -53.0 m * ' . En cach ca>c ihc negaiivc xign mean* ihac che accclcraiion n 



no 



f 5361 mi- 444 4 imi 



1240 *>- 697 km 



M4.4 m/stH9.2 mVi 



194 iU25kra 



Sca^c C: Tbe proHem *iate* chai y - v, - 75 m - 0.075 km . 

The letal dtaiancc cravckd during all chrce siagcs U 697 km +■ 25 km + 0.075 km - 722 km 
EVAJOMTE: The upuard Accelcraiittn produced by frícticfl in xlage A tt cakulated u> be 
icccleracion due to che paraehuic in «age B+ The cfTecu oí aJr rcñicjnce incrcate wiih 
reaJity che acceleratícn was probably nol con^cani during %iage* A and B+ 
iDEvnFV: A.uumean inicial heiuhc of 200 tti and a con&iant accelemlico o! O SO nt't 
Lp: Lee +v be dimutturd. I km'h-0.277Sm« and I mib - 0.4470 nv* . 



MiilHtn Akmu a Stuipht Line 1ÍS 



\ \t i ' a (■> v-v f = 200 m.d, *»»^, r 0 , «O. ^ -i¿, + 2ff,(y- y»)givei 

y sj2(9,8l> mVK200m) ■ 60 mfc ■ 200 kmli - 140 mi.h - 

[b> Raindrcir» aclually have a speed of about 1 m i as they itrike (he ground. 

(c) The actual ipeed al (he eruuiid i* much leu (han ibe ipeed calculatcd «iHunung Ircc-fall. so negiecl of a¡r 
re*iiianec ii a very poor approximaiKin fbr lalling raindropi. 

ai i ah ; Jn ihe ahicrce of air leuitancc raindropi uir.ild Ijix! uith ihai would nuLc ihem very 



2J9. lofAiin: Apply thcconMant accclcraiion ecuación* lo Ihc molion of rae Ilea. Aftcrthc (lea leavcs ihc ground. 
¿r ■ dowmvard. Takc thc origin at thc g round and (he poiitive dtrcction to be üpward 

(a) Se r Ut: Al (he máximum heígbl v — 0. 
v-fl y-y» = 0.440m a =-9Í0mV 

Ejacims - ^-2ff ( 0— j'J =^" 2 <" 9 ÍW nV* 3 K&440 mi - 2 94 m'i 

(b) St:T te: Wben the íka hai returned (o (he emitid y- y, «0. 
y-y 4 *0 i^itlWmí tí = -9.80 mV f«? 

2v lt 2(2.94 mil 
Exr.tt'FE: With y-y tí -0 thiigívc* i = - r - 0.600 &. 

Iwinn: Wc canute ■ v„ ( +aj loihow ihat with v tr -194 mi, v - 0 iitcr 0 100 i. 

2.40, IdevIifv: Apply conMant accclcraiion cquation* lo Ihc motion of rae lander. 
Sur Ul Let * r ■ positive. Siacc rae lander u in Ircc-fall. a t = rl.6mV. 

I- \m i 1 1 : -0.3 ni 1 », y-y„ -5.0m. ií ( = *ló mVtn vf + 2*1, (y- y.) grvci 

EVAUUTE: The sime dciccnt un canh vtould rcsult m a final ipeed of 9,9 m% t mikc (he acccfcration duc to 
gravlly oo canb i* much larger (han on Ihc moon. 

2.41. IDMIPR Apply conMant aceclcralkm cquadon» lo ihc motion oí tEv metcnlick Tbs lime (he mctcnlkk TalU ii 
your reaelion inne. 

Si:f Lip: Lct t r bcdownwijd. The meter n*ck hai v hi -0 and a, - 9.80 mi* . Let rfbc rhe dih:auce ilu- 
metaxbck IjKn. 



I \m t n : (■> y-y ( *v # f + yfl ^ gtva - UlOm^ e md J — ■ ¡ 



0>M J <U?6 V0.190* 

EvaJJiaTE: TbereadkmlinMUprofic«i¡onalii>lbeiq\iarei>f (hedinaoee Ibeitick TalLv 
L4L lDt.viiFi: Apply con rtam aeeeleraikm cquadon» lo ihe vertical molion of (he briek. 
SKF LTp: Let » r bedown^ard. a t =9,80 mV 

i ' \ m i ii- (■> v. t ^0, i =2.50», íi ( =9.g0mAj J . > í -y♦*V' i(( /+jl^ i í , -^(9.8011*^X2.50^ -J0.6m.The 
butlding » .10.6 m la II 

<M v, » v,, + fl/ -0*(9.80 ntf )(2,50 1) - 24 $ m s 

(c) Tlte gtaphi of .r , y and> yctku* i are gi\<en in Via. 2.42. Take y - 0 al ihe tftuund. 



2-16 (hupttrí 



¿Itetk DO icujllv 




t - 




Figure 1M 

IM. íot-^ iui: Whcn the onty forcé i* gnmry thc acedera) ion a $,8Ü nVi , downward, The re are two ¡nicmU of 
con&iant aLVcIcnihi** and Ihc cooituil icccleration cqualiom appty duríngeocb of thc*c ititcrvil*- 
Sir Up: Lct * r bcupwArd. Lcl y - Dai thc taime h psJ. The final velocity for Ihc Jtrsl ph¿*c oíthc molion i* thc 

inilial velocity forme frec rail phaNc. 

l \*.t i n': i a) Find thc >elocirv wbctt thc enginei cui olY + y~y tí = 525 m , ú t = *2-25 i» 1 *' , v 0l = 0. 
2*^(7- *)pva - J2(2 J5 m * J K52S id) - 41.6 , 

Nir* coniidcr ihe rtvotion fmui entine ^ut otTlO máximum hcichi: i;, - 525 m , - 448.6 OI* , \\ -Ofalthc 

I IiW» ^- 9mmtf-*,*t,+1*Aj-I¿Í&m f-n »^¿^" y-^JO * 121 m 94 

y - 1 2 1 ni * 525 m-646rti. 

<b) Conato Ibc moium l>om entine fcúlurc miú jwi bcfi*e thc rockel «tnkci Ihc gnnmd: y-y t = -525 m . 

a t s-MOm'**, v #i = +48.6 mfc . vf « £ + 2ff (>*->;) gnu 

v, = -^<4&6 ro*> J *- 2(-9,K0 roVK-525 ra) J2 nfe. The» v ( »p 0í +a,rgms 

r _ v»-»k _ -112 mft -48.6 m* _ 164> 
a -9.SQ mV 

(c) Find Ihc lime frtmi Watt off un til envine fritare; y — y tí ■ 525 m , i\ - 0 . j - *2.25 mi' . 



y - v ( a v # r + iff j ? givrx i — f ^* * >& - = t J ^ — !■ - 21*6 * , Thc rockel xlrikc* ibc lauach pad 

Ti tf, V 2,25 mii' 

2L6x*l6.4 *- 3* i ■ i: . bUxi off Thc acceleration a f t% -2 25 mVftom f to r-216iJtü 
-9 JO m* J Irom t -2],6*ta 3RÜ*. v *\\ v + a t t arpl>c% dunmí each NW jccckntion %egnient* *o thc 
craphof y verau J is a slraight linc with praítive «lopcof 2.25 nti' during thc btati-oITphiAe and with ncgAtivc 
tlopc of -^.Mi nn Allcr cogutc failurc. Dunng cach pha%c y - y é - v ? I * / Thciígn of d determine* thc 
¿urvaturc of iO ) . Ai í ■ « thc roekci hai retumed to y «O. Thc gmph% Are tketehed in Figure 2,43, 
Evalúate: )n panibt wccoold have Tound thc time frotn y- y t *v 4 t + jir i 1 , ñndiog v fím alln^ w to 
t\md «ilvütg Ibr i frtHn a quadratic equalíoo. 



:[-.■■■ i 




IMAM 




Rtm 2.43 
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¡,44. iDEvnn: Apply conMant accelcraiion ct|uation& lo Ibe vertical mobon i>fthc ¿attdfcit.*. 

Ser Lp: Take + i üpwanl. a. -^ ( JtOras ! . Tbcimlial vclocity of Ibe Kindtag cqual* tht vetacity of the 

balloon. *t> >^ p - *5.00 m * . Whco the bdlloon reachci (he ¿round. y-y 0 - -400 m. Al iU máximum height thi 

-i 1 1 1 . " .i ,■ i .r v t - 0 . 

Khiu: (a) |*US0i: V+t*.'' -<5.00 nV*l<0-250 %i * -i 980 nvV XO250 *>' -0 94 m The 

*andbag b 40.9 m above Ibe groand v t » +tf p f = 1-5.00 n» 1 *+<-9 + S0 nVOfO.250 *) - 2.55 nVs. 
fftLOO*: y~}\ » (5.40 m*Hl,00 m¡V)(l.Q0 *y - 0.10 m Tbc lanábag i* 40.1 mibovcihc 

ground v - v - j í - r500mi l ir<^80 :i: , f : i J mi i t , 

(b) > r- y, --40.0m, -500nv*, tí t -4WmV . ^"V^W 1 



-4ti.um-i^w)m-sV-|4.Wm>Vkr. (4.90 n*Vir ~{5.QÜ nVsk~40.0 m - Oand 



4 SI, 



[5MiJhTo¡^ 



(c) - v,, .5.00 m * + í-9 H0 m* J HJ.41 *1 ■ -2K.4 ni 

tú) y u = 5 00 mi. u\ -~9.80mV, » ¿ +2ff ( (y-.v.) gira 



- V- - 



*-<5.0O mfc) 3 



.28 m * Thi: maxiiraim he;uh: ii 



bove (he ground. 



■; < > The graph* of a , v , and v venus r *k given in Fig. 2,44. Take y ■ 0 at Ibe ground . 

EvaI-Iaté: The suidbae itmullv irjvcl* upward with detreumu vclociiy and Ihcn nw\ cu downwjrd w ith 




1 




Figure 2.44 

1.45. IdevtiFY: Tlie biJloon has constant accclcration j. ■ aVwTiward. 
(■) Si i I r: T&kc (he *y dircctioci lo be upwanL 

f»2tHlt. - Mllmi, *j_ - -*> K» m V f «T 

Ku(t n¡ r ( = v Oí *íi l f-^00itts*<-9.TOmi l 4 í H2 00*)--25.5in l ft 
0») SETUP: y-y„=? 

CxucirrE: y-^-^ +7*,'* *<^.Wmi'*K2.0t)«) + y(-MOin |, jí í H2*00*) 1 =-1I.6bi 

E\i:c t fi : v t - -^Jvo, ^2tí i (y-y u ) - -^-é.OOm*») 1 * 2<-9.80m** i )M0J) ro) = -15,2 ra 1 * 
(d)Thcgraphiarc ¿kclcbcd in Figure 2.45. 




Figure 2.45 

EVALUATE: The «peed of tbc balloon ¡nervales ¿leadily *incc Uie occclcrjiion and vcluoiy are in Ihc unte 
düectiüfi. I I -253 nVs when |> - i J - nx «> Ir I \% lext than Imi i L5.2 tn'si wfaen |» - v. | islca (10.0 m> 
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¡,46. Id&viifi : Since air re*¡Mancc i* tgnurcct ihc cgg u «n frcc-fall and ha» a corrtlani duwnward accclt taium *>f 
magnitudc 9.80 m V . Apply Ibe cooitanl accclcratian cquatiun* ti> ihc maltón of thc egg. 
Skf Uf: Takc + r id be upu h ard + Al ihc tmAinmm hcighi, i - 0 . 

I- \m i n : (■> y - v, m -50.0 oí , 1-5.00*. <i p - -9.S0 mV . - r t .,J * -jd/givei 



f " ' 5.00 % 
(b> - +145 rnfr , v, *0 (ai ihc 

" 2* 2**9.80 mV) 



Ifl 3 



(c) Al ihc máximum hcighi v, =0 . 

(d) The accckratton a canslant and cuual id 9\80 mi* , cbwnwani, al all po>inti ín thc molkuu üxhxling al Ihc 
máximum bcighl. 

'.<) Thc .!■■■. are skclchcd in Figuro 2.46 

-143 m* 
I 



EvaU afe: Thc nmc fr* thc 



1.48*. Thc cuchu 



■ S ni ■■ 



retumed ta thc IcvcL of thc comicc after 2.96 s and afler 5.00% it hax travclcd downward from thc comtcc íbr 
2M *. 













2 1 4 J 




4 5 

r'fcure 2.4n 

L4T. loENTin: Use Ibc conitanl accckratian cqualioni tocalculatc a. and 

■JiM i Ií: 224nVfc V,.*0, f»0.900í. «,-7 

Kxtcirt: j 



25 
-10 
-15 



D.900i 



fb> a, <£ - (249 m* ; > .|9«0 m * 2 )- 25.4 
(c> í-^svjf^í/ = o*^<249 nrt'HOMO*)*- 101 
(d) Si:t I r: Calcúlale thc acccLcration. axtuming it b 

I I - I v,,-2HJnr*, :: ■ -.m,m i 

I 1.40 s 

a. 'f ■ (-202 m'i^tW nV* 1 ) - -20 6; a. - -20.6# 

II thc acederattan ulule thc slcd i* «topping ti cun*iuni then ihc roagnitudc ofihc acceieration i* only 20. fi^. Bul ¡f 

t ít i* ccnainlv pouiblc thai al «une point thc in&tantancou* acceieration coukJ be ai 



EVaj t mí.: )l i* tcanmaWc Ihai Ibr ihü mnltun ihc accelcmbim is much laijict than^. 
Z.4S. Io*a iw^: Sinceair nr^íidance i* ignered* Ihc bouklcr « ¡n frec-fall and ha> a cc4ittanl don h nward accclcralioci oí 

magnitude 9.80 m V . Apply Ibe cooitanl acccíeratitin cquationi ii> thc nxiiionuf thc boulder. 
UP: Takc +y lo be iipuanl 

I \m y \ \ : (k> y ít ¡ ; (im's, v p - t20.0cni, -^.SOn* 1 *' . r *v u tü^f gívet 



20.0 -40.0 m i 
555 m*- 



■ +2M i 
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IM. 



L5ft 



m y. --200 m>fe< f-- r -*6.12s, 

-9 SO mV 

W^ft"0, iv,*t4Ü.0m<i ( *,«-&»»'■*. -jr«« 1^/^40/ pvn and 
n. -9Í0m7 



Y ~ \ 



D - 40.0 n * 
-Ü55 mA? 



[tí The aeeelcration n 9.Su m J ♦ txiwnw jj d. al a 
|f> The graphi are ¿ketched in Figure 2 4S 

EVAUMTE: Vp ■ Oat Ihe máximum height, The time lo rcach ihe máximum beighi i* halfthe total time in the Jir, 

*othe anroer inrwlifttthairtheanroer in part (c>. Abonóle that 2,04 * <4M % < 6,12 * . Tbe boulder i* going 
upward uttitl ii reachci iut máximum height and after the máximum heiuhi 11 11 iiavehrt? downwjnl. 










25 




0 








-» 




0 




K0 



0 


















-5 






















10 










1 - 


i 





iDEvnn We ean avmd uilving for ibe comtmin height by coniMlering the rclaiHin berwcen hcighi. lime of fall 
hhI aeeelcration due fograviiy andietting upa ralio invotvmg time offaH and aceeicration due ti> eiaviiv, 

L'p: Let g ta be the ueecleration due togravity on Enceiadus and let g be thn quantity oneonh. Leí A be ibe 

beighi fíom whieh ihe objeei i&dronped, Let t> be downward* id y-y t - A , v Vt -0 



EXíXtFE: y- > f d - 1^^ +t*,' j give* k -rrgt ¿ and A ■ y£ u fj, , Combining mese two 



EvauíaFE: The aeecleralioB due lo gravity w invcriclv proportional lo Ihe ¿quore of Ihc limeof fall 
IDICT1FY: The aeceleraüon i* nol eon*iant m the eotmant aceeleration equation* eannoi be uncí) Imtead. u*e 
Fú*,|2. L 1 : 1 U*e the valué* of 1; and of tal 1 - 1,0 * lo eratuate v^and «j* 

S£f UP: f/*<A L-T" . íbe * i 0 . 

i- \n 1 1 1 : (■> r B - v -± (ttdt -v; +lai : - \\ tt r (0,60 m h 4 k ^ ! , v, = 5fl m i when r»l«f)Sghnji 
v b >4.4 m< ,Theaat r «LOs* v -4,4 ro 1 ** (0M hím¡Mm í,sml 

ih| , . ■ f + Un l )di =x 0 +\'tj+—as\ x- 6.0 mal r«MI* giv« -1,4 ro . TKea at l*2,0s. 



v-l4nit(^ m<*X2.0 M(-(i:^utí:(hi^!S!u 

6 

te) 4(l)-l.4mt(4,4m«V-ri0.20inVjr k . v,(0-^n^t(0 
tketched in Figure 2 50 



m***V : < - ll -20mi l u . Tnc granh^ are 



2 20 < haptrr 2 



EVALUATE: Wc cxi vcrify Ihat a - — and v - — 





Figure 250 

L5I. a t mAt-Br wnfa ¿-I.SOmVand *-OJ20mV 

(a) IdKMIKV: Intégrate ají) lo find r M (l) and thcn intégrate v fe (l) Ci> ñnd \\t) 

I \n i n : p « r fc + J'(¿|J +T^f' — jA* 

Al retí al i - 0 «y* Üut i tl - 0, so 

*; = ±At ' - ^Bt* = $Q .50 mV y J - ¿(0 1 20 m V ír 1 

= (0.75 mV)f' -(0.040 m*V 
Ser ur: x-*" ( +JV ( A 

I \íc t'f t: t = x, * J t (T^r I -T^ 1 )^'-^.*T* 1 -¿A* 
Al thc origin al r * 0 *iyi mal x, - 0. «o 

*-<(*: :. | V ■ ■ 010 ..l - V 

dx dv 

EyajaiaIT: Wc cxi cbxk our rc%ulti by uatig ihcm (o vcril>' ihal v t {t) ■ — and &A f ) ■ — — - 

tú di 

ib) hn \Tii v and Skf Uf: At lime i, when r. ii a máximum, — - "0. (Stnce <t t ■ — ihe máximum velocitv 
i* when a ■ 11 Fox carticr time* m t » p. ■ ]ii>c id v ti Mili iiwrvaiing. l'or látex lime» a u ncealivc and v \% 



¡Y 



EJOKim d - — i-O ta At-Br - 0 



One kkX i* i - 0, but al ihi* lime v ■ 0 and nol a máximum. 



IDO othciíiTOl a f =— - 



.4 LSOms 



■ llil 



B 0.120 ro * 

Althiitime v, =(tt7S m*V -<0JM0 nVk' gira 

v A *(0.75 mV)(i2.5*> ! -<0040 m.V>(l2.S *)* -i 17,2 ro/*-7H.l m% -J9.1 rnfr. 

EvaUiaTE: For f < 12.5 *. u. >0 and >; bincreaung. For i > 12,5 v *j. ■ <i and \\ ü decreaumr 

¡.52. lof-N iif\: j(í ) ¡s Ibc dopc of thc v vermx t graph and thc chitancc traxclcd ix Ihc atea under thc vvcrius t itraph 

Sr.T UP: Ibc v vcrxu* i graph can be appmximaicd by (he grapb «kcichcd ín Figure 2.52. 
Exxri ff.: (a) Stope -a -0 forj ¿ 13 ms, 

k„ - Are* under w grapb - \ h * j, *i|IJ mx)(133 cnV*)+(2J m*- 1 ^ im)(133 cm/>) * 025 cm 

(C)#«riq« on-igraph ^(0.5n»)*íi(L0iml*l^^ i L0Kiryan/*\ 
aii>5 m*) - 0 becauxe Ibcikipc i* zetx* 



Mitiuin Alón t? ■ Straipht Linc I«2l 



(d) *-B*H underiigraph n<0.5 m) * = -(0.5 iro>(33 cnV*)-HJ* 10 1 coi t 
MI ,5m»)»^ l ^ + ^ B ^=i(ÍJn»)(133oi* l *)<0.2iml<IJ3) ■O.Ucm 

1-a ui ui: The accclcnilioo i* cumtani until j - 1.3 tm . and ihcti ti m zero. # - 9R0 em/s . The accdcration 
Junna ihc firsl 1,3 m* i* much larscr thrn thi* and gravitv can be nculccicd Ibr ihc pontón of the jump ihat are 




o \3m t$m 
i fcnrc 252 

2.53, (a) ImiMiKV and Sn l¡r: The change in *pccd U ihc atea under the a, vernu / curve bctwccn venkral line* al 
r-2.5* and 1 = 7.5*. 

Exccitiu TThs arca b 414.00 en 1 »" + 8.00 cnVs 7 H7.5 * -2.5 s) - 30.0 cm * 
Thü accclcration i* posílivc tu ihc change in vclocity ¡s pemtive, 

<b) Slonc of v verm* r w pusitive and ¡ncrea*¡ng «ilh r. Tbc yraph ii ¿kclchcd in Figure 2,53. 



Figure 253 

H\'Ai.i'.\n.: Thc calculation m pan (ai i* cquivaicni k> Ai. -(j_.)A/ Since a A ixlinearinf* 

fl^, + Thu* a, . -jl("> era % * S 00 craV l Ibr Ihc lime inierval i - 2.5 * «o *-"5i 

2.54. lotMirv: The average ipeed is Ihc lolal diitancc travcled divided by Ihc total time. The clap*cd time is thc 
dixiancc navetad dividcd by Ihc averoge «peed. 

Si i l p: Tbc lolal dnlancc rravclcd i* 20 mi. With an average ipeed of R mih ibr 10 mi, ihe lime forthal firct 

lOmile* i* t0nW -l.25h. 
firoih 

E\*;c i fk: (u) An average «peed uf 4 míiti fot 20 mi givei a muí time of ^ - 5.0 h . Tbciccond 10 mi muM 

A mih 

10 m> 

be covered in 5.0 b - 1 .25 h ■ 3.75 b . Thb corresponda lo an average «peed of 2.7 mih . 

3.75 h 

ib) Anavcranc «peed of 12 mih Ibr 20 mi civci a lotal time of - 1.67 h . The «ccond 10 nú mu*t be 

12 mib 

covered in 1 .67 h - 1 .25 b ■ 0.42 h . Tbi* correspondí to an awrage tpccá oí - 24 mi'b . 

20 mi 

(e) Anaveraueipeedof Iñnúh Ibr 20 mi p\tz* a liMal timeof ■ 1.25 b. Bul 125 h wa* alteadv «*cnt 

16 mi h 

dunng Ihe lint 10 mi leí and the sccond lOmileii xvixdd ha\o lo be covered in^ra lime. Th¡* a nol pot«r4c andan 
average Kpeed of 16 mi h Ibr Ihc 20-mile ride i* not posible. 

EVajxaFe: Ihc averoge tpced for ihe lotal trip a noi ihe averaye of the avrragc ipecdi Ibr caeh 10-milc 
xcgDicnt. Thc ñder í^icndi adiircrcnt amounl of time travclingai eacbof the t*o average «peeds. 

2.55, UWflIPK v (i) ■ * and a -íl. 

di * ttt 

Ski Uti — (f*)=nr* 1 . for n i l . 
m 

BBCVffl i.o ~ (^OOmlt'V 1 - (20.0 mV>t 9.00 m*. ajt}- ilB.O m*' k ' -i 1 ■ , . 
¿ketched in Tigore 2.55. 
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(b) The panicle « instiaiuancously at retf «fien v a (O = 0. *o* -Oandthequadratic formula give* 

r -_L-|200i Ji20aV -4i9 00J(9(JOn*-LMM0 4\^ / - jnj ¡ -15o* + Theic rexuks agrec wllblbc 

i; í graphs m parí (a). 

fc>FarJ»O¿3».0.MlllAnVxO.63 *>-20fl * -B.7 mV . For 1-tJí S, ^,««1 nrt'.AI f»OGi 
thcxlopc of the r t -f graph is negaúvc and at í ■ 1.59 *ic is pa*¡tivc. 10 Ihc «ame j»i*wer h deduced from (he 

i «:^rjph iitini (he c\ni^:.u.i fox j </) 



a - 0 Thb oceur* al i - 1.1 1 < . 

LSÜmv 



(e) Whcn ihc particte is Al ib greatc*! dnlancc from thc origiiv v 4 ■ 0 and d É < 0 (*o che particlc i* itarlmg lo 
move back towarú ibe origini* Thi* b (he caso for s ■ 0.63 * , whicb agrec* wjth (he i-i graph ín part (a) . Al 
r-0.63», *-2.45rn, 

(0 Thc paMkle*» ipced is el una mu at ll»greale*l rale whcn a bai (1% máximum magnitudc. The ti -j umph mi part 
[a}*how* Ihi&occurx ni r~0andal f - 2.00 Sincc v i* alwayi positivo m thit tinte intervalo thc pjriid<: i* 
tpccdmg tip ni ¡ti greatest rale whcn j i» poiiiivc, and ihu W Ibr i - 2.0O * r 
Thc parttele h *louim: dmvn nt it* greaictf tale whcn a j is ncgahvc and thc* ú for í = 0. 

EVALUATE: Sincc a t «) i* linear ¡ni, v.(i)i*a parábola and w symmoinc around (he pointwncrc \\\{t)\ ha* íu 
rrummum valúe l / - I l¡ * k For thti rcason lbcan£xvcr lo part id) U miinvay boiwecn thc lwo time» ín part (c) 



íMt."i.' 



i.- irni 




-Mu 



Hzurc 255 



1.56. lotMirv: The average velocity u v i ( - — , TTic average tpced k thc di&tancc (raveled divtdcd by Ihc 



Si.rl'Pi Leí +x rv Ín ihedircctionofihcfírsi legof thc raed or ihe round ir^». ¿v20and thc total di&tancc 
travckd i* 50.0 m. Fot oach \cc oí thc race both ihc magniruoc of (he dispbcctrient and thc diitancc tra\ elcd 



25.0 



v. 



V 



25.0 m 



V. \>.t i 1 1 : (u) i I -K25m i + Thn n (he 



2u.O * 



jvcriK «need for tbi* les of (he race. 



250 m 



15.0* 



- I.fi? m/i.Thn 



thc awraee vved for thi* leg of (he racen 



|c) A*-0*o -0 



(d) Thcawragc «ficcd i% * ^ ^ m - 143 m ^ 

35.0 x 

EVaLiiaFE: Xoic (hat Ihc average «peed for (he round (ríp ix nolequal lo rhc ari(hmcbc average ofthe a\era^c 
xpeedt for each leg. 

1.57. Ioiaiim : Use infomiai»on aboul dUplacement and time lo calcúlate average xpeed and average vclociry* Take 
(he or^ín lo be at Seviard and ihc po*itlvc ducclHm lo be tveil. 



(a) r tr: average «peed ■ 

EXECITTE: Thcdinancc travcled (dirTereni rromine nci drtplacemenl (x-j^>>b 7ó km + 34 km -1 10 km 

Find Ibe loialelaptcd time by unng - ^í-- x *** lo tlndi for eadi leg of Inejoumey, 

A/ t 



S^\ aíd to Auotj: 



O.S636h 
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Auora lo York; í - - " W ^ - 04722 h 

^ -72 knVh 

Toul i ■ 0.8636 b * 04722 h m 1.336 h 

110 km 

Thcn averagc*pccd *j^^ m « km.1i. 

(b) Ski Lp: p m - — . «tere Ax u thc di*phccrncnt om ibc loial dRlancc Impeled 
A/ 

For ihc whole inphe endt up 76 km* 34 km - 42 km of Ku turting potnL . - « J kmb. 

L336 h 

Evai.i afe: Thc motion ú not uniformly in (he same direction «1 thc dbpuccmcnt u ks* ihin ihc ditfaricc 
travcfcd and thc magniUidc of thc average vckicity 1* lera Iban thc average ¿peed 

Idevfifv: Tne vehiele* are araumed li> ma>e ji coniunl tpecd. Thc ¡peed <mL'h>div¡óed by thc ftequeney wilb 
whtch vehiclef pa** a given poínt (vchicleini u thc toul «pace per vehiele libe length of roe vehícle plus spaec to 
the next vebkleV 

SETUP: 96 kmb -96x10* mili 

EXfXtTt: (al The total spacc per vcbicle i* 96* 10 -40 m'vebicic . Stncc thc average length of a 

^ ^ 240Ovehielc*h 

vchklc u 4.6 m» Ibc average *|xicc berweeo vehiclcs a 40 m - 4.6 m - 35 m . 

<b) The frcoueney of vehiele* lvebiclc*b) ¡* 9**'° . 70 oo vehklc*h . 

I4.6r9.2i m'Ycbtclc 

EvaUiaTE: Thc traHW flow ratc per lanc uould ncarly triple. Noic that roe iraffr flow rale n direetly 
propon tonal to the tralVtc specd. 

Av. v — v B 

2.59, (a) lot.Mirv: Oku Ule thc average accclcraiion u*tng a^^ - * * Uie thc informarían about ihc time 

Af í 

and toul dbiancc to fínd hit máximum ¿peed 
SCT Up; v, a - 0 «trice thc ronner itaru Irom reii. 

r % t bul wc necd to calcúlate v. * Ibc «peed of Ibe runner at thc cttdof thc accckration period. 
t\*;c 1 fk: Fot the la*t 9.1 *- 4 .0 * "5.1 ■ thc accclcraiion a /ero má thc runner Iravcti a dUuoceof 
rf, =(5J *h; (oblaincd u*ing x-x^^v^j* la/) 

During ihc accclcralkm pha.%e of4 h 0 s. vvhcrc thc vcloctly goci Irom Oto v m , Ibe runner rn ve I* a 

: |i^j r ^(4.0s(M2A>)v 

Thc toul dislance tra ve kd u lOOrtvw J, * - ■ Iihj m Thiv grvci (5.1 >H\ » (2.0»>v 4 - 100 en. 
100 m 



nt'y 



7.1 s 

M™ >e can calcúlale <t'. <r_ . - >a " V " « 1 4 08 * " ° - 1.5 m's* . 

t 4.0% 

(fe) Torlhb lime rnicrval the veloclly n comUnL so j -0 

EVAUUTE: S'ow that we ha>e v wc can calcúlale d t = (SJ iK 14.08 mi)- 7L9 rn and 
J ; -|2 + 0«Kl4 OHmi)-2H 2rn + So. d t td. - 100 m_ «UcÉ cbeeki 

(c)lDCATIKVand SKF UP: fl»**— — — • wbere now ihc ttine mtctval n thc «of the race 

r 

Wc ha\e caleulaicd Ihc Anal speed lo he 14 + 0K nv's, so 



U.WS r.i s 



9.1 s 

EVAUtaTE: Thc accclcraiion b /ero for Ihc la^l 5.1 1. 10 ít makc« icrutc for thc wa'ct in pjn |¿ » to K- lew (han 
half the mmci in part (a). 

(d) The runner *pends diffcrenl lime% movmg wtih Ihe average acede ratiotis of parís la) and fb). 
LMé iDENTlfrY: Apply thc comdant accclcraiion cquation» lo Ihc motion of ibeiled. Thc a\eragc vclocily for a time 

Ar 

interval Al j* h 
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Sin l'p; Leí 4* be paral kl to ihe incline and directcd tkm-n thc incline. Tbc problcm docuTi slatc how much 
time il takc* ihc ded tt> go ín>m thc lop to 14.4 m from thc mp. 

25.6 m - 14,4 m 

EXECUTE: (a) 14 4 ai lo 25 6 m; v M ■ 5.60 mta . 25 6 to40 0 ni; 

40.0 tn - 25.6 ra ___ „ 57.6 m - 40.0 m 

v__, 720 m* . 40 0 m lo 57.6 en: >♦ ■ 1*0 m's. 

2 00 * 2 00 » 

(k) For caen %cgrncni »c know v- i. and i bul we don't knou É or \\ . Ld i, ■ 14.4 mand x¡ - 25.6 oí . For 
thi* imerval j 1 ' ^ ' | - — — — vid tfi = v ? -v, . Sotvtng for tvgrvc* v¡ ' 1 ^ i 25.6 m «id 

¿i * 40.0 oí . Forthix second inicrval. j=— — — ¡>nd «av,- i\, Solving for v.pve* 

V; » — y*r/ » X> X * . Sctling ineic two exprcrumm for ncquil tocach other and wlvínu foro gíves 

Note ihai thu expresión loro o - ' r *4*ere (í and \^ it are ibc average tpccdt for 



2.00 * 

4e>Forihcrnotion from * = 14.4 mto x = 25.6m» i-í ( -H2m, j - OWíi m * and i -2.00 % 

(d) Forthernotion from r - üio t = l4.4 m, »— j¿ = 14.4 ra, ' .n i w M =4.8 rn*. 
*n V 2r>-* t ) 2(14.4 m> 

l 2 í »■. + *'. 4.8 m.» 

(í ) I t i ■: ■ 1. 00 « tinte inicrvaL r- 1.00 v. v üí = 4.R nV*, a t =0.80 nV** . 
*-**r^/*i*/M4-8nV*X1.rj0 ¡0^(0.80 mVxi.OO i) J =5.2m. 

Evalúate: With OatthctopofthchüJ *<D* v„/4fir/ =<0.40 nV*V. Wccan >cnfy 
r = 6.0* gira x = 14.4 m. i = &0igive*25.6m. r - 10.0 *gi>e» 40.0 m. and t = 12.0 iglm 57.6 m 
2.6 L lot.Muv: XVhen thc grapbof v t vcraui f is a ¿iraight line thc acccfcration u con*tant* xi thn moción consista of 
tw contunl accckration tcwmenti and thc constant accclcrauon cquaiions can be used for caen scgmenl. Since 
\\ \% ahvay* positivo Ihe molino is alxvay* in ine 4a diroelion and ihe lotal düiance moved eqioU (he magnitudc 

of Ihc d»nlaccmcnt. Thc accclcraüon ti, is Ihe «looe of thc v M vemu t granh. 

Ski l'p: For thc f = 0lo t -10 0 s*cgmcnL = 4.00 m.'i and v M ■ 12.0 m/i. For thc 1 = 10.0 x lo 
120»icgment f =l2.0miAnd v 4 = 0. 

EXF.CITTE: (B)For i =0to f = !0.0s 4 j-j^ = ^ J '^ > ' =j ** °^ m *^ >2 ' Qm% j(IO.O i)=H0.Om, For 

f »10;0slO í =12.0», ^-^^p 10 '^** Q jr ffcn -)" nn " TI,„ n .>Ui rt w,^U, t 0^m 

(h) x-x* =H0.0m^l2.0m=92X1 m 

.'.:.!'".; . y 

<c>For J=0lo ia0x 4 a M m = 0.800 n*V. For J = 10.0 %to 102 %, 

L1 = -f i .i ■ .1-, . r.ii : . i .. vcrai* j »gi\en m Fiiture2.6l. 



2.00 * 
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KVAJ4 vil ; WTitd i; and j are boih positiva, thc speed 
«peed dccicaic» 



Whcn v t% ptuiiivc and a u nccainc Ib: 



*0,tii</* 



* 
i 
i 

i 
» 
i 
i 
i 
i 
i 



Figure 2*1 

2.62* loE-Min: Sincc ugbt traveta ai consiant ¿pcciL J-íY 

Sur 1."p: Tbt diiUncc froni thc carlh lo thc wun ¡« 1.50 - 10' id . Thc düuiocc from me canb lo me moon u 
3.84*10* rn. e = l8kW0inta. 



fuá ri : (ti) 4 - O- 



^^^¡'■■«■■tll, 
c 3.0x10' mfe 

J 2(3.84x10" m> „ - 

fd) r«— . 1-2.6* 

c 3.0x10/ mís 



-IMIW* 4> h 



e l 86.000 mí;* 

EVALUATE: Thc qiccd of lighl i* very largc but it aill lakc* light a mca*urabk Icnelh of lime lo iravcl a 



L6X 



Ioiaiim: Spccd ¡* diitancc i/dividcd by time f. Thc diMancc around a circular paih \% d ■ 2xR * where R u ihc 
radiui of thc circular path. 

Si T Up: Ibe radiu* of thc canhU ff, - r> * 10" m . Thc carth roíate* once in 1 da> -86,400 1 . Thc radiu* of 
ihc cortil** orbü around thetuni* I 50x10/' m and thc carth completes thW orbil in I >ear-3l56-IO Tbe 
ipeedof light iovacuumu 3.00*10* nv» > 

RICITO (U) v-_- 1- 1 -464 tus. 

f J S6.400* 



3 156 -10 % 



(c,Thc 



for üchi to go around once h f = — 

c 



4 2*ff, 2x(6.3«y|0 l m) 

c~~ yxM) - lo' inK 



- 0 .1 336 * . tn TOO * hght would go 



I.i. 'i , 



- 7,49 limo 



0.1336* 

F\ Al t Mt: AH ibcic «ficcd* are larye compared tospccdi of object* in our cvcryday cxpcncncc. 
Z.64. Idía iirM Whcn ihe granhof v É vereu* t i* a «iraight line (he acccfcration ii constan** so thn rnotion con*i*t*of 
iw comtani accckration scgrncnti and thc eonvtant accclcraixm ct|uat¡on* can be u*cd for each segment For 
r - 0lo 5.0 *. \\ \* peaitiveand ihe hall rnovci in ihe +* dircction Por t -5.0 1 io 20.0*, v t i* negatrve and ihe 
bal! mme* in thc -A*direcbon. Tl»c acceleralion d. ii thc %lopc of ihe \\ vcmii t grapK 

Srr ir: For thc i -0lo / -5.0 xicgment. K, t -Oand v t -30.0 ni . For thc r-5*0»to i - 20X1 % *cgnicnj* 
\* = -20.0 m»and r -0* 



2 26 Chupín- 3 



EXXCITTE: (n> For i - 0 lo 5.0 *, x - ^ - *j " ¡< ! 

d«ianceaf75.0 m. Fe» r - 5.0 *to 20 ■ i ■■ . ■, ¡ -ll—LLl — \- 
traveled u 75.0 m * 150.0 m ■ 225.0 m . 

[b> The Urtal ditpUccmcnt U í-j^-75.0 m *( - 15(1.0 m) - -T5.il m Ttv hall end* up75 0m in the negativex- 



3CMInVA-0 * i Ji i :i: i: 

(t| For i- 0 lo 5.0 *, <r 6.00 mV . For t - 5.0 s lo 20 0 * t * ■ — : 1 - * 1.33 m V . 

5.0 % 15.0 % 

The graph of 17. vcnui : is gíveo in Figure 2.64. 

(d}Theball i* in conlact i*iih ihc íloor for a *mall bul non/ero period of lime and ihe direetion of ihc vetociiv 
dt*r*n*i cbange ¡nslanlaneoiutly. So, no* Ihc aciual graph of t' t (r}¡% nol really vertical al 5.00 v 
EVALUATE: For ■ 1 ■ both v t and */. are pesitrve and ihc *pced mácate* For f- 5.0 tío 20.0 v v, u 

ncuativc and i/ t htpcuiiivc and ihc vpced decreases. Since ihe dirccibo of moi»n ¡* not the *ame throughmií. ihe 
U ooc eqial to the diMancc traveled. 



5ÍPt ttO* 
Ffcure 1M 

2.65. Id*_\ un and Ski Vt: Apply ennsiant accclcnilion cquaiHinv 

(indine vetocity at thesian ofthe *ccond 5.0 *: thü ¡* the vclocíry atibe end ofthe first 5.0*. Then fínd x-* f for 
ihe fím 5.0 1. 

ExtCirTE: Forthe finllOivfáa irxrnoa »*..=0, /-S.fl*. 

Tlu* i* the imiial ¿peed forthe «econd 5.0 & of the moium For the sccond 5.0 %: 
v fc fc tf,(S.0*)* f-S.Ü*. t-^ - 150 ra 

(^"WH^ 1 !50m-(25 **hí t tdZií'M. and ü.-iOmí 5 

Va ihti a t andconxidcr the finí 5.0 1 of ihe mation: 

T*/ -•+4<M M 50 *> ! ^ 50 0 ra 
EvaUtaTE: The ball ii ipeeding up %a ii traveb farther in the secand 5.0 s ¡nlcrval than in the lint. In fací, 
v - k, is proporikiiul Ui y lince it Mari* frorn re*l. If íl gon 50.0 m in 5.0 x. in rwiee the time (10.0 *) il ibould go 
four lime* ai far. In 10.0 % wc calculaled it *«il 50 m* 150 m- 200 m t whieh ñ fourtimet 50 m. 

2.66. loEYnrv: Anpty x-Xa^v^t r^oj* tothe moiionof each train. A cotlbion mearu the fronlof rhepamenger 
train a al ihe «ame localiona* the caboojte of the frotíht train at «orne cornrnon hme. 

StF V?z Let P be the paiaenger train and F be ihe freighi train. For the rrunt of ihe paueit^cr irain x, - Oand for 
thecabootc of ibc freij^tl train i, ■ 200 m . For ibc frciif.hi train v ( ■ 15.0 nv*and a k - 0 . Forthe pawnger train 
v r -25 .0 m iand a t - -0.100 » f «*. 

I \n ( m : (■> x - x, b V fo' caeh ob>ect giv» * r ^ V| / * Tíi t f' and x t ~ 200 ro + v.r vi:, 

^s.vstv» v t r^4tf í j's2O0m-»v. <0 05*X» m% « - 1 10 (* m su rr 200 ni - 0. The 

quadratie furmula givet f i— -{+10.01^(10.0)' - 4(O.O5OOH2O0) J *-(IOO±T7,5> i . Tbe collbion occunal 

r - 100 « - 77 3 x ■ 22.5 * . Tbe eqtation* ibai *pecil>' a colliiion ha ve a nhyiical solution (real, notibve 
eolli&ion ó^iei ncciir. 
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|b> i> - (25.0 m*H22.S *>*4<-fl.l00 m>**X22.5 *)' -537 m , The p***cngcr train nwvtx 5Í7 ni befare thc 
?olii*¡on. The freight train move* <L><i m 5 m - .UToi. 
(c)Thcgrapbi of r ( and i, ver*u* íaic ¿kcwhcd in figure 2.66, 

EvAi.iwn'.: The sccond rool for ibc ct|uation Ibrr. t -177.5 * i% Ihc lime ihc iram* would mecí again ¡f they 
wcre oo parallcl itack* and contmucd ihcir ntoiioit aller ihc fir*i meeling. 




Figure 2¿A 

L67. lofc% nr»; Apply consumí accclcraimn cquatian* la ihc motion of me hw ob)cci&. you and thc cockroach. Yon 
caten un with thc ro>ch when both obfcel* are ai (he same place at ihc «ame time. Leí Tbc ibc lime whcti yon catch 
upwith ihe cockroacb. 

Su t'P: Tata ,r = 0 tobe al ihe f - 0 localion of thc roach and po*¡ti>c v lo be in ihcdircction ofmolioo of thc 

lwo objecet. 

¡flash; 

-LSOnv*. d-0, x.~(K *-1.20oi. 1 = 7" 



v # , ■ OSO m v. m -0.90 nv x » l JO ra i -T, a t - ? 
Apply x-*, «v |t n y« 4 í' lo boih objecra; 
fUíLii; rracb : I 20 m - lí 50 m *)T« so í - 0.SÜ0 v 

VüM I 1 ,20m l 0.90ml MIXIm MJ 'i J 
Z .lOm-lO.SOnVüMO^OOKHf^lO.HIXI *»' 

2.10 oí - 064 m t I0J20 *V, 

Your final vetacity i* v B = v ít * a.J * 4.4H nV*. Then *-a* ■( *** \¡ 



Vou have lo accclcraic toa speed greater ihan thai of the ruach *o you will travcl ihc extra 0.90 m yoo are* initially 
behindn 

2.6S. lofAnn: The inicel ha» corttlani speed 15 nv* during ihc üme ¡t lakcs the car» locóme logethcr. 
Skf UP: Cachear ha» moved 100 m when ihcy bit, 

EXECirTEz The lime unid thc car» hit ú 10 * , Duriag thb time thc graxtboppcr inivcU a dulaacc of 

10 

(15nV*KU>*>-150m 

EVaLUaTE: lite guMhopper ciuh up 100 m frorn where it started* ut the maunúudcof hi* final displaccmcnl i* 
100 m. Thb n le** iban thc toial di*tancc be rmvcb tince he speod* pan *tf thc time mmíng in thc oppo*iic 



2.69. lof~vnFY: Appty conMant accelcraiHtn cquation* lo cach obyecL 

Takc the origín coordina tes to be al the iiuiial po&ilion uf the iruck + a* ibn*n in Figue 2.69a 

Leí ¿/be Ihe diilancc ihal the auio initially i* behind ihc rmck^o a^aulo>«-J and j¿(Énicfc)-0. Leí fbelbe 

time il takc» Ihc auto tocatch thc truck. lhu\ al time T the tmek ha* underuonc a diqilacement x-x t =40.0 nv %o 

i* at x - x¡, » 40.0 m ■ 40.0 nv The auio ha* caughi ihc imck %o al ume T i* alw at \ ■ 40.0 m 

i 



Iizurc 2.69a 



2 2* í hjpirr 2 



L7E 



(a)SEr llr: Uic thc motion of ibc Iruck tocaJcubie r 

x-x+- 40.0 ni, v„ t -O {slarti fromictlk fl. = 2.IOmV. í » T 



Mil a;f 



(b) Skt Uf: U*c ihc moiioo of thc julo lo calcúlale *í 
*-*»-40.0m* d. i^»0, ff ( -J.40mV. I»*»l7l 

Ku:c i tí: ¿ * «0 ni ■ ¿-(3.40 ri'**X6.I7 1) 1 
J ■ M x oí - 40.0 oí ■ 24.8 m 

\t\ auto: - ^ + a ( / = 0 1 (3.40 mV «6. 1 7 >> * 2 LO m * 

rruck: v.-v^+Éiy-O^Í^IOmVK^IT^^IlOmfti 
Uh The graph i* ¿kcicbcd m Figure 2.69b. 



Mil 



24.JI m 




Hx aii \xi ': ln part (c> wc found tbai thc mi lo was iMvdmt? fcftcr than ihc \t\xk when thcy come abicraL The 
giaph in part Id] igrect wilh thb: at thc inicr&cciion of thc two curve* Ibc «hipe of thc i Vcunv for thc auto i* 
grcaicr th *m lint of Ibc iruck. Thc julo mu*t tuve an Avcragc veloctly grealcr tluo thal of Ibc Irack ftioce ¡t muM 
travcl fanber ¡n Ibc «ame lime iuicml. 

IDEVTIFY: Anpty thc coiuriant accclciaixm coiution* lo ihc moiion of cacb car Thc collivkto oceurx whctt thc 



of car U *o x„ m Oand x** - D . Thc carecoUick 



Si:f Up: Lct +x be Id Ibc righl. Lct x ■ O at ibc itiitia! 



*hco r. = *,. tkj -O, ^.-ff. v ti 



- V 



r^T-D «0 , Tbc quadrabe formula gire* í ■ — |-v» ± + . Only thc porilive root a phytkal 

(c) Thc w and v -f graph* Ibr thc twocars are ¿kcicbcd tn Figure 2.70. 



Motttn Alone a Straiohl L 



EvaUtaTE: In Ibe liroit mal a. -0, D-vj -Oand f - O. 1 v, . ihc time n tata* car 2 to iravel dbtancc í> tn thc 
. . he time ii lata* car I m travel dütancc O. 




2.71. I ■ ■ ■ s i tt \ : Tbe a>eragc «peed U ihe di*tince travclcd divtded by ibe ume. Tbe average velocity a 

Skf l e: Tbe diiUncc Ibe bctll traveh « half thc circumfcrcncc of a cirele of diarocicr 50.0 cm so ¡* 

crti)- 78.S cm . Let m be horirontally from lhc*tarting point lowani ib: ending poinu so 
Av cquali the diamclcr of Ibe bowl. 

EwXlfe; (n> The averace *nccd i* lf£- 785 CIP -7.B5 ero 1 *. 



0.0 & 



rt _ , . Ar 50.0 ero 

(o) Tlie wvawm vclocilv i* r - — — = 5.00 ero 1 * . 

A.' 10.0 % 

EVALUATE: Thc averoge «peed i* greater Iban the magnitud? the average vetocity, *ínce the di*iancc travekd 
i* grcaier than ibe magnjiudc of ibe diiptaccmcnl 
Z.72* Ji>i s i \ v\ : ¿t » the *lonc of ibe v. vcr*u* i graph. t i* the área under the v f vcr*u* t graph 

Sur UP: Tbc*k>pc of i* i* positiiv and decrcasmu íu roi?nitixk* r A* r. incrcaic** thc di*p)accmcnt ín a viven 



H\t.t i n : Thc a . ¿ and w graph* are *talchcd m l'itiurc 2.72. 

EVALUATE: r 4 ii the *lopc of Iheí vei*u* f graph* Thc x(r) graph we sketch ha* zcro*lopcat r - 0 ♦ thc *lopc 
ataay* po*Ili>e* and thc *lopc iniiialry mercase* and ihcn approachc* a comtant. Th¡* 
i\(j>ihai i*givcn in the ciapb in the proUcro. 

M 





Figure 2.72 

£.73. Io*a \wsz Anpty conviant accelerabon equation* lo cach venóle. 

Skf L t p: in) It i* \«v convement to work ¡n coordínate* atiaehed to the truck. 

Note ibai thc*e coordínale* roove at cotutani velocity rclative lo Ihc canh. In Ibctc coordínale* ihe Iruck b al red 
and the inilial vclocirv of Ibe car \% \ ( - 0. Abo, Ibe car'* accclctatíon in thc*e coordínate* i* ihe same ai ín 
coordínale* fixcd lo Ibe canb. 

EXECUTE: Fitsl leí'* calcúlate how far the car ntu*i Iravei rclalíve to the iruck: The ¿ítualion i* *kcicbed in 
Figure 2.73. 



I 



24.0 ti 

MA* Di - 21 '> 



:io,n 



Ib&m 



4,5 n 



D * 4^ IB " 115 ■ 



r igure 2.7Í 



2 30 (haptrri 



The cor goc* írooi t# - -24.0 ra lo i - 51 -5 nv So í— j¿ ■ 75.5 id for ihc 
Calcúlate ihe lime il (ales thc car lo travcl ihis ditlancc; 
tf.-Q.éQOmV. 1^*0. *-*,»75.5m, /-? 



<r Y 0600 mV 



r 

*> 

It tokei thc cor 159 * lo pa¡u thc truck. 

ih) Nccd btm^ lar ihc car iravcl* retal ive t» thccaith* togo now lo coordínales fixed (o ihe earih. tn the*c 
coordínate! v Ul ■ 20.0 mi fot thc car. Takc thc origín lo be al Ihc inicial pcuiiion of thc cor. 

v íi =20.0m* t a t = 0600mV. 1 = 15. 86*. x-x*-? 

K»*+i*J l ís i>'> m*Hl5,R6*H ^(0.600 inVMl5«*V 
= 3I7J m *75.5 en = 39J ni. 
(c) In coordínales itxcd lo thc carth: 

»%+*V" 20.0 tnfc * (0.600 nv* : Hl5.B6 i) - 29.5 nV* 
tVAULATO In I5 9*mclrucktravcb í-x^ = (20.0 m*)<1586*) = 317.2 ra Thc car iravel* 
392.7 m -3 17*2 ra = 75 m larthcr than ihe Inxk. which chccki with pan (a). In coordínale* altachcd lolhciruck. 

forme car =0, * A =9.5m% and m 15.86 * rae cor iravel* *-x t = JlllI-L-j/ = 75 m. which check* wítfi 
partí» 

2.74. lot-viiFY: Thc accclcraltoo h nal con*lant «o thc constara accclcration cquation* connoi be u*cd. Imtcad. uw 

SO lip: =— L-T" for rr* 0 . 

I \n i 1 1 : (a) ,n . ■ ,' [a .it-lfli\ x = 0af r =0gtves x o -0*nd 

íjl)-fff-T/íí ; -■ I "■ ir. ■■ v ■■' 667 ms |( i ■ i t] — Ifii i J 10 n i ■. . 

(fo) The máximum potílivc i i* whcrj v -0 and .j ■ 0 y. ■ 0 give* /¿y!; ■ 0 and 



\a 4.00 rn* 

t - { -|.4I s. At Ihixr. o isncgalive. For / -1,41*, 

a' = (4.00fni < sHl'4U>-(0.667 raV>(l.4l *)' = 3.77 ra . 

EVAUMTE: After t =1.41 s ihe objccl slaru lo move In thc —x dircelion and goe* to x ■ — w x i-tx. 
L7SL ¿¿ui-a-t/fe. Mh a - -2.QO mV and /* = 3.a0mV 

(a) Idímux and Su Ur: Iniegrage to frad ir,(f) and Ihen intégrale r M (#) to find un 

«*+Vv 

Al r = 0, i ^ 

Tonare í = *„ al f ( =4 00» require* that iM+W f M B & 

Tbm v 0í - -i**,' - ^tw, - -i(3.00 m¿¡lÁM *> ! - m V)(4M = -4OT m/t 

<b> With a» cakulaied in pan <a} and t - 4 00 s, 

v^v^+m + l-pi* -~4.m*+i-2M m.» í H4 00*)í^iJ.0O mhfRéM *)* = »12.0 ma. 
Eyau aíE: a =0 at i = 0.67 a. For t >0.67* t >0. Al / - 0. thc parhele « rnoving m the - v^direciion 
and ii tpceding up. Atler r = 0.67 *. when me acceleraUtra i* poiiiivc, the objccl ülow» down and then. 
move in the rf^lirection wira increotinc *pccd. 
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1,76, Ideyiih: Fiod thc díMancc thc profc*™* walki during ine lime j il takc* ihecjrg lo fall lo Ihe hcigbf of hi* hcad 
SEtlfrs Let +jp bedouiiwardThceggb» »v\ At ibc hcight oPinc profa«>r'* hcad. 

thccgghai v-y.-44.2ni. 



EXXCUTE: y—y^mv-t+^at* gtves'- J— — — = .f— — "V - 3.00 s . Tbc profesor \ralk* a dutance 



o v u y«(L20 rniH300M-3oü m Reléate thc cgg when your profesor u 3*60 ni fhxn thc pmnt dircctty 
bclow VOU 

EVALUATE: Jurt bclbrc ibc ceg lamí* ¡ti *pccd i* <o.H0 nvV X Xl»n ■ 29,4 nv* . ti i* imvcling much faitcr Iban 
the profesor, 

L77. lotvnrv: Use Ibc comtaal accekration equahoni tocslablisha rclaikxuhipbctwccn máximum hcight and 
deceleración due lo graviiy And bcrwccn time in the air and accclcraiion due lo gravjry, 

Skf L t p: Let *r be upward* Al ihe niaximum bcight* v f -0 t Whcn ibc rock fetum. i« lite surlJce. y-v t -0, 
I \n ' \ i : (■) Y¡ a j¿ +2a r {y- y t )grve« tf,// * ~y*í i which n contfant, so ■ ^.Jt^ . 



< I» > | - v, -»v #1 f + Tit ( / Í wim y-y o »0give* a t t*-2v+, . which i» conaant* ■ o, ?i «<i M I¡ 

EVAUMTE: On Man. where thc accclcration due togravily i* «nj1k< T Ihe rock* rcacb 
(he air fot a longcr time. 

M8. iDEvnn : Calcúlale the time tí takc* her lo run to the table and re ium + Thn ii the time in the jit for the thrown 
hall Thc thrown ball b in fice fall afler II U thrown. A»to air rcnitance can be ncglcctcd> 
Si r l'p: Fot the thrown balL leí *y be upnard a, - -Q.sti mi' . i - r Lh - 0 wben the ball reiurn* lo iu original 
poaiticMi. 

EXfXtTE: M tt takc* her **® m ■ : j:: s to rcacb ibc lable and an cqual time lo rerurn* For thc hall. 

2.50 mi 

^ - -. m ' i '. i l ' * < i ■ »> =21.6 m% . 

ih\ F»nd r-n»*»cn r-£3»ft 4 r-A-V^'O 1 * 1 ^^^^)!" 1 ^ 11211 " 

EVALiurE: )l lakei thc ball ihe «ame amouni of time lo rc*ch iu máximum hcight ai tordum from iht 
máximum beíj^hu io wben «he n at Ibc lable the ball t% al ii* nuximum hcight. \ole th¿t ihi* Ur^c mAximum 
hcight rcquirci tlut ihe ael eilner be done ouldoor*, or in a building wrth a vety high ceiling. 
¡>T9> (a) iDEMIFV: U*econ*iant accclemlion cpuaiionA* with a - doun^anU lo calcúlale ihe ipeed ofihe di ver 

uhen the rcachc^ the uaier. 

SEI CP: Take Ine origin orcooniinatc» to be at ibc nUiform. and lake the + \ -diieclion lo be downuard. 
f— >;--»21.3m, -+9.80 m/s 1 , ^ t =0 (unce di>rrju*l slcp* oftV v t »? 

Exncim> \\ - fjltf r (y-y,)» ^2i^SOins : H31 3 m» - *20.4 m.i + 

Wc know thal v f i« poiilivc bceauie the dí^vr \* Imveling down^anJ ivbcn shc reachcí. ibc w jicr. 
The jnnouneer hai exjiggeratcd the speed oí thc di ver. 

EvauiaTE: We could al» use /-^"V^Y*/ loíind r : ■ The dix« ptalUQ m-'< 

*ccond*%ohai \ t - 1°.80 m% J K20K5 > : i l \*bcn *hc rcache* me watet. wbich eheck». 

(h) lof.viu^: C'alculaie ihe inUial up*vard wlocily necóed to give Ihe divera «peed of 25.0 m% 
rejebet thc water* ' ■ l thc same coordínate* a> in part (a). 
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ExXt OTE: - -^-2^0 -^) ' -V< 25 0 nv*! 1 ~2<9.80 mV)|21 J m) = - 1 4.4 nVs 
(v 4l i* negativo «ince the dirccitonof ihc iniiial velociiy is unwird-) 

EVAUUTE: One way lo cfccide iíihi-% *ficcd U rca.somble i* lo calcúlale ihe máximum hctght above the platform 
il would produce: 

v„--U.4mfc. w,m* (al máximum hcigblj. *,*++Mmtf # y-y,*? 

y- v t — — - 1 0.6 m 

2ü, 2<i-9S0 nv*i 

Thú i*not phymMlty a tu nuble: a vertical Icapof 10.6 m upward a not po«iblc. 
¡.SO. IDEXTIFY: The fl^nvcrpol i* in frcc-fjJI- Apply Ihe comtani acccicracion cquation** Use Ib: mobon part the 

window to And ihe tpced of ine ílowcrpot a* il rcachc* ihc top of Ihe window. Thcn conixler the moción from ihc 
window*ill lo Ihe lopofthc window. 

Skf UP: Let ir be downward. Throughout the moción a t - >9 si.» m * . 

I Ah i 1 1 : Moción pul ibe wwüow y - r fc - 1 ,90 m . j - 0,420 x. a t í^.KDibV. >'">♦■ Vr 11 / give* 
^ « — - — ■ : ■ ÍI¡_L1 - _ . < j s , i nVt' h U.420 *) * 2.466 mi ♦ Thu u the velocity of ihe llowerpoi u heo it b 
at the top of the window. 

Moiion from me windowúll lo ihe loo of tbe window: v tt -0. v t ■ 2.466 nV* , ^^JOmiV 

^■r£, + 2fl (y-y é )gívtt y - y. a r ' " * *' * '^ 466 m J> 0 s 0 J 1 0 m . The top of tlw window üGJiOm 

bclow the window*ill. 

EVAUlAYEi ll lakcs the flowcrpol í ■— — — - " ^* m f - 0.252 % toraJI rcomlbenUlo the topof the 

window. Our rc*ult *ay* ihat from the w¡ndow*ilL ihe pol fallx 0J10 mi 1.90 m ■ 2 -21 m in 
0 252 »*U42ü* -0.672*. r~A- V+W *4(M*.»**K0.672 *)' - 2.21 m . which cboofc* 
MIL lotA njrv: For pan* |a) and (b)appty the con*tant accelcraiHm cquation* lo Ihe moción of ihe bulkt. In part (e) 
neuLcct air resixlancc* *o the bul leí i* frcc-fall. IJw the con*tant accclcrainm cqua-tion* lo citaMiih a relación 
beiw-ccn mitial «nced i,, and máximum hcigbl // + 

Si r Up: Fot pan* (a> and (b> leí *j be in the dircelion ofmolkm ofthe bulleL For pan <c) leí +y be upwini *c 
a t * -j¡ . Al ine máximum height* v T »0. 

EWCtTE: (■> * - x t - 0.70O m. v ét »0 , v ( - %5 m* . H = »¿ + 2tf t 4< - a:^ givrx 



2(ar-JL) 2(0.700 m) 



■USxItf W - -i-6.79«10\*o a =(6.79x10* \g 



i B i^+v. 0>96Sm í * 

(c) »í ■t£,+2f,(j'- v v )mm1 v, «Ogive* — - — "-2^ . «bicb U eon*unL JLmJL, 

y ->'* "* 



EVALUATE: // ■ * >tJ ' 2(" l ^Ko" > '\ " R,<lc h * ,tetl fi,ed 1 wW "^J lk,n * 1 «<«a*1y reach mch a 



laiirC bcij^hi^ vt n nt^t an aecutate nppro^ imBlTon lo ignore aii te*i*tancc. 
2*R1* lotA'nn: A-<uumc the llrinv <*t the tcvond ttaye lasts ;j % cr^ ■ ihm t:nv. «» ihe rockc! n m frec íall after 25.0 *. 
The moiion con*Í*l* of two contlam acccleration *eint>en&. 
Srr Vti Let +y be upward. Aller i * 25.0 * . a t * -9.S0 m** 1 . 

Cx*;t i n : (s> Find Ihe hcigbl ofthe rocket at t -25.0%: \\ t -0, a j -*3 50io* ? , i-25.0i. 

y- y t *v éf i + ±a/ =443.50 m*K25.0*i J - 1.0938» 10' m , Find the di*pUeemcnt of ine rockec from firing of ibe 
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iccood *iage until ihc máximum hcight U f eachcd: i„, - 132.5 rn h *. k -0{at imxBnum hcight). a t «-9.K0 m t 

i¿.< + a^ p - A )^. r - A .^i.!=^L^.iH..iiiHitav a ii 

I094m+S96m-I990m. 

(b) v« ( = +132*5 nVs. 0, s-MDitfs 1 , ^-^«-10W ni - y-»Jfc"tfr»f +4*/ 3 f h** 

-1093,8 ro-<l325 m\w-(4*i ib j ! K' - Tbe quadrabc formula givc* / - J3 7 *a* ibc positivc rooi Thc rocket 
rctums thc lautxh pad 33.7 * aftcr (be «ccond tuge Arca- 
te) v, •!*,,+ 0,1 > +132*5 nV*+ (-4 JO mV M33" s)»-I9H mi Thí eoekci l.r *peed I9B «i'l ■ M I— iW ihc 
laurwh pad, 

EvajxaTE: The sneed tvhcn ibc rocket rehira* lo Ihe launcb pad ¡* pjvaicr iKjji 132*5 mfc, Whcn ihc rocket 
rctum* to thc hcighi where (he sccond *tagc fired, ¡ts vclociiy i* 132,5 mi dowmvard and ti continúe* lo «peed up 
during ibc rcsl of thc dciccnt 
I J3* Takc potóívo^ lo be upward, 

<■) iDfcNTIFV: Con*¡dcr Ibe mol>on from whcn he appltc* thc acctlcration lo whcn thc *hol Icavc* hi* batid 
SKtVtz ¥^m% p p m% * »45.0mfr', ¿>-y D »0\640m 



ExcCirTE: ir, ■ (>—>%> ■ J2Í45.0 mi 1 * 1 «0.640 ni) = 7,59 mfc 

(b) ID&M1FY: Comtdcr thc motion of tht ih**t from tht Definí whctt he rclea*c* it toil* máximum hcight* tthere 
v- D Takc r-0 aitheground. 

StttM y fl = 2,20m, y»?. ^ --9.S0 nVs 1 (freefaJlk i ti =7,59mVi 
(írorapart(»X v, ■ 0 at máximum hcighti 

> + 

Exicim r - r 0 ■ r ^2 W m 

la 2<-9,B0m.* 1 j 

>>* 2*20 ra + 2.94 m = 5.14 m* 

(c) lotvnFi: Coni*dcr thc motion of ibc ihot ítvtn thc poinl where be reléase* it to whcn ¡I rcium* to thc hcight 
of hi* hcad Takc y= 0 Jt Ibc ground, 

SCTUP: y,» 2,20 ra, y*IJJio, fl ( »-9i0m i V, v Bt ■ +7,59 m/*, I*? j— j* t *v #l f+ytf t j* 
ExtClTTt: I J3 m - 2,20 m * (7,59 m *H + f (-M0 » 
= (7*59 m>*V-<4.9DnrtV 
4,90i ; -7 + 59/-0J7 = 0 í i*ilb f in ictoodv 
U*c thc o^uadritíc formula lo tolvc ior r* 

' * 9Í0 í 7 " M * V< 7 ' 59 > ^ - 4 < 4M K- a37, ) " 0774 * 0822 
■ : .ii: -i be pasiive. so r-0 774 O S22 i - 1.60 s 

b ui mi: Calcúlale ibe lime lo thc tnxximum beíghl; v ■ v 0j to 

fa(r ( - v #t )/fl t - -(7,59 m'irt-^JOmV)- 0.77 It abo takc* 0.77 s toretum lo 2 2 m above thc groumi fora 

total time of 154 1. Mi* hcad i* a liitlc 3o» vi Iban 2,20 m, w» it » rcaxonable Ibr me *htrt lo rcach thc levcl of bí* 
head a hule later iban 1,54 *aftcr being Ihrown^ ibc an^-er of 1,60 * ío pait le) makc* sctwe 
2 J4* lot-vn*\: The Icacbcf t% in ftce^lall and falU uilb conilanl acccleration mi' , downward. Thc «ound from 
her riioul traveh al conniani tpecd. Tbe n>und travcU from thc topof thc ciítT ceftect* from Ibc ground and then 
traveb urm-ard lo her prcn:ni localion, If thc hcighi of thc chífu h and ibc ü\h a di Manee y in 3.0 v, ibc *ound 
muii Inivcl a diMance fr+(A-j)in3.0±. 

mi I v Let *r be donn^ard, m fbr me teuher a t ■ 9 JO mf% 3 aod v #i *0. Let j* = 0af Lhelopof meclitT, 

EXKCtTE: (a) Fot thc teacher, y --i<9,80 nti^^O %y - 44,1 m, For ihc *ounJ, A+(A-j')-v/. 
* - j<v/ tfl > ^|340 m *I3,0 *J 1 44 J ro) ^ 532 m ( whieh round* lo 530 m 

<h> »í-v ( * r t20 í (y-vjgivcs v, * J2ff t (>-.tv) - ,/2(9,S0iniVH532 m) » 102 m/i. 
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EVAUUTE: Shc ¡* ¡nihcairfor i — — - = 10.4 .% and %\nka thc ground ai high speed 

<r p MmvV 

2 JíS. Io&ytify and Sei tlr Leí +y be ufiward. l'jch hall rnovci with constan* acoclcration a ( ■ m v\ Id 
parte (c) and (di require ihat thc two hall* be al ihe «ame hcight at ibc ame time. 
EXXCITC: (■> Al ceiling. v t ■ 0, >-i;=3.0nv a, - -9R0 m*\ Solve for 

(b) ■ v tt -tai with Ihe inforrnalion frorn p¿rt (a) gíve» i ■ 0, 7S v 

(c) Leí ihe fifrt ball travcl downward a diiiancc J m time L II ilart* Irom ¡ti máximum hcighL xo v,, -O. 

^"A ■ | ^'"r tf í |í B'*** <f-(4.9 m^ u 

The sccond ball ha* v Jp -^{7 + 7 m%) - 5.1 m». En time r ¡t mu*t travcl ipward 3.0 rn-d lo be ai ihe «ame place 
a¿ the firrfball. 

r"^-v #f /+iff/ gira J.0ra-rf.(fl m/*y-<4.9nV*V. 

Wc have hvo equabon* in iw ■ - ■ .1. > - u \ .r .1 .■ Solvmg give* t -0.59* aod rf = 1.7 id. 
<d> 30m-<r , = I.Jm 

EvAU ATt: In0 59*mcfir*lballfalli rf-(4*Nfr*)(QJ9t/-U^ *o » at ihe «me ncighi a* ihe 
secood hall 

2J16. [ukn iin ; Thc hdicoplcr hai tw segmenta of molkin withcon*lant accclcraiion: upward accclcraiion for 10.0 * 
and theo frce-faJI until it rcium* lo Ihe ground. Pottcr* ha* ibrcc .segrnent* of motion with con*tanl accclcraiion: 
upw&rd accclcraiion for 10.0 free-fall for 7.0 s and thcndownward accclcraiion of 2.0 m>V. 
Su Uf: Lct *y bcupward. Leí > = 0al theground. 

i:\tx i rt; (a) Whcn Ihe enginc ihuls olThoth objcci* have upward vclocity 

v »v (i +flf«(5.Om i * í Xl0.0 >)^50.0 m ¡andaré al >**^*^/"TÍ 50,tt * ; KlO0*) , -250m .Forihe 
hclitoptcr. v, *0<at Ihe máximum height) É v Vt -*$0Am'* t v . -250 m. and «, = -9JC0mV. 

fli) The time for me Iwlicoplcr tocra*h Irom ihe height of250mi*torcihc enginc* *hut olí can be found uiing 
^, » +50.0 m * . ü t = -9,80 m% ! , «id y - y, * -250 m . jr-tt-Y #í J + fir/gi>e* 

-250in-<500 m-ík-fiMoiV^. (4.90 m^K* -(500 mh¡f - 250 m = 0 Tbc quidraiK fomiuU giv« 

r »_ L(50J31 J(5a«( J +4<4.90)(250>J a. Onry the po*iti>c %o1ut¡on ü phyiicdl w/«13.9i.Powai therefore 

hai free-fall for 7.0* «idthenaWnhard acceleration of 2.0 m s* for 13.9 *- 7.0 1 = 6.9 % . After 7.0 *of free-fall 
heUat y- y, *v„f <-iíi ( r = 250 mi (50.0 m»)(7.0 m ■ -i ■■ m- ids'K7.0*) ? =360 oí and has velociiy 

K = *u, » 50.0 m'* +<-9.*0 in^-'HTA s) - -18.6 iv- . Artcr the nc*l 69 * he k at 

>--^*v 4( ititfi : = 360m T <-lH6m-iH6.9i|*^<-2.00m.^ , M69sí J '^IKJm P^vc» « 1K4 m*bmc the 
ground wben ihe helicopleT craxhe*. 

EVAUrATE: Wbcn Poi*er% itep* out of ihe hebcoplerbe relaán* the inibal «locily he had in ihe helicopler but 
bis acceleralion changei abruptly from 5.0 mi' upward lo 9.H0 m V do^ntvaid. Wiihom ihcjet pack be would 
have cra&hcd imo the ground al the xamc lime an ihe helicopler. Thc jel pack xlow* hi* deicent *o be ¡* abo\ h c the 
ground \\h-7i ihe helicopleT cra.thes 

J in \ i : Apply the conMani accelerauon equation* lo hb motion- Contider iwoxegmenti of me motion; the 
la*t 1 .0 % and ihe motion prior lo that. Thc final vclocity for Ibe firsi seimient U Ihe inilial velocity Ibr thc *econd 

StJ I r Lct t r be donn«vd 4 «o a = 1-980 ro 1 *"' . 

I \n i n : Motion from ihe roof lo a heigbt of A' 4 abo^e ground; y-> # = 3*/4. ü # = »9.S0 m. 1 » 1 , 

^ *\Í r + 2a r (y-y+} ■ v , - ft a AX- -3.R34JI ^/m.*. Motion from height of A ' 4 lo the ground: 

jr-y**kf4 t a «*9.80m* J . % =3.H34jí Viñ/* , i * LOO *. y-y+*v, i + 4ü ( f J gira 
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Í.-3.S34^ Vm*4,90m. Leí ¿-w'and *ol>* forir -3.834a vC-4'lOin-ii 

i* -2(3.834* J¡^3XJ4?T790| Onry thc pi»iti« roo* » phyticil » u*Í632 Jm and A-*' -273 m , 
wh*ch round*. to 270 tti + The buildmg is 270 m lall. 

EVAUtaTE: Wilh h ■ 273 m thc total timeof fallí* f ■ I— - 7.46 * r En 747 i - LOO s- 646* SpiácrMan 

lall* a distance r-y^^W nv*'M646 *>* = 204 ra Thi* lea ve* 69 m for ihc bsl L 0 lof fall. mtiieb » A/4. 
2JI8. lo*_\ im; Apply constan! accclcraiion cquations lo Ihc motion of ihc rock Sound travcU ji constar»! «peed. 

Sur Uf: Lct be ihc lime for Ihc rock lo fall lo thc ground and (el t % be (he tinte il take* Ibe sound to travcl 
from thc ¡mpact rxnniback toyou. ; ul ■* /. - 10 tu Bolh ihe rock «id sound Iravcl a disiancc */ thal i* cuual (o the 
height oí theclifT Take downward fot ibe motion oí (he rock. Thc rock ha* v tíi «0 mi ^ >9J0rnV. 



I Am i i i : M For the nd, y-y 4 * í**"* *m m S^ 



920 mV " 

For Ihc sound. — - — -100*. Leí a* - d 0.00303a' * 0.4518a -10.0 i) ü - 196 and ¿-384 m 
330 m * 

<b) Voo would bave calculated «* ■ 1(9 80 rnVHlO.O *) ! ■ 490 m , You would ha\e ovcrcsiimatcd the height of 
theclifT II actual ly takes Ibe rock les* time trian 10.0% lo fall lo the ground. 

EYaLUaTE: Once wc know i/*e can calcúlale that j ui - K r 8 s and f^Ui. Thc time for the sound of impael 
te* Iravcl back lo you is 12% oí thc lotal time and ojoto* be ncglccicd. Ihc rock has «peed 86 m's just belbrc it 
srrikc* Ihc ground* 

2Jt9* (a) liwiMirV: Leí +r . upward. Thc can ha* consiani uccclcrution ti. - The imtial upward velocíly ofihc 
can cquals ibe upward velociiy of ihc scaffolding; first ñnd ihi* «peed. 

EXKCUTE: y~Sk m1 H^*^ m / > gjw» v #l «HJlm-'* 
Use thé* »: M in r f + a,J to sufre for v f : v t a -20.5 ms 

<b) Idcvtify: Find thc máximum hctghi of thc can, abóte thc poini uhere il íalls from thc scAlIbldiRg: 

I \n i m : + 2 fl ,O f "^ul S'^'* , r " ,*" 0 - 653 m 

The can will pus* the locaiion oí thc oihcr pajnter. Vcs t be ccis a chance. 

F\ ah \ri; Rclati\c to ihc jtround thc can is inilially traveling upward* so it mewí urmard belbrc stopping 
monxman ly and ttarting to fall back down* 
2.90. tot.\ iiim Both objcvts are in frec'fall Apply Ihc constani acceieration equations to Ihc molion of eacb perdón. 
Mil. Lct *r be dpMrmd, *o a t - 1-9 K0 m s* for eacb object 

K\*:c t tu: (a) Find ihc lime it lakcs thc xiudcnt to rcach theground: r-y„ - ISO m . .j - v>íim's ; + 



v # »v #l i * — ■ -i 1 -^ i - — ~ ~ ^ ""i - 6.06 * . Supcrroan ntiai rcach ibe ground in 
6.06 s - 5.00 I.Ofi i : i -1.06 s. y~}\ -)80m . « t - *9.S0mi l 4 i . y~y tí ■ v+j +^a,t* give* 

- ^ — '— -~\t i .1(9.80 m V ML06s>- 165 m'i< Superman trant ha\c initial specd i - 165 m s . 

r I.Ofi s 

(b) Thc graptu of> *i Ibr Superman and for the siudcnt are skelched in Figure 2.W 

(c) Thc mínimum height oíihc buildin£ u the hcighl for which thc student reaches theground in 5.00*. before 
Superman jumpt. y-A^V'T*/ --J^- 80 n*'* ! H5 .00 a' - 122 m Thc ik>scrapcr muit be at IcaM 
l22mKmb 



Evaia aFe: 165 m * - 369 nuh , «oonty Supcrman could jumpdiiwtro jto" »iih mi* mitin) tpccd< 




2.9 J. lot-vnFY: Appty constan* accclcraiion cquation* lo Ihc motfcm ofihc rockct and lo ihc motion of Ihccanixlcr 
after ii b tclcascd. Tind Ibe lime ¡t lakci thc camster lo rcach thc ground alfar it u rcfca»*cd and lind ihc houjit oí 
thc rockct allcr thi* time Km clapicd. Ihc canctlcr traveh up to a* máximum hcight and ihcti rcturn* lo thc g round 
Skf UP: Lct t r be upward. Al thc irvciani that ibc can»icr i* rckatcd. it ha» Ihc *amc vclociiy a* thc rockct. 

Aficr ii i* rclcatcd* ihc caniitcr ha* a, - ~9.K0 m* . Al ii* máximum hcight thc camiAcr ha» t\ -0 , 

EXT.ti'FE; (a) Find ihc qicedof Ibe rockct when Ihc cani*icr ú rckvcit v, =0, a - ÍK> m s * . 



y-y« -235 ni. »£«V+2«,(7- v, = ^.(y-JV* - V 2 * 3 30 k*Vh235 -39,4 m*. For thc 

molKtn of thc carutfcr afler n i* rcleaicd. v #( ^ *39.4 nV* , a t - -9.80 nVs 1 p y~y Q 3 -235 m . 

y-^-v^r + yfl ^pvr* -235 (39.4 nny -d* nVi*)r^Thecpiadratic formula give* i - 12 i.Q%m thc 

positive ¿otution Thcn for ihc molían «f thc rockci duxing ihis 12.0 i, 
y-^-v^l + iar^IJSm^iJMmi^Kn.Osl + ^JOiTis'KllO *1 J -945 ro. 

<b) Find thc rtuximum hcight ofibc canuicr above ib rclca*c poir*: v,. -»39.4 ms. v p -0 . a t =-»,8DinV 

upward 79.2 m lo iu máximum hcighi and thcn back down 79.2 m *■ 235 m to thc ground Thc total dulancc it 
traveb k 393 nv 

EvaJataTE: Thc^cedof thc rockel at Ihc irutani ihat thc caniitcr rclum* to Ihc launch pad n 
v -r t +a t i -39.4 m** (3.30 m Vl<12.0 *)- 790 nV* . We cao calcúlale itt hcigni at thU imum by 

with our prevkius calculatioci. 
2*92, Id*-MIM: Both objcti*. are in ircc-laJl and move wilh constani accclcraikm 9 SO tu\ p dtmnward- Thc rwo 
balb collide when ihcy are at thc *amc hcighi al thc ¿tamc lime. 

Skf Up: Let ty be upward. so o t --fcROmV for each ball. Let y-Oal Ibe ground. Let ball A be Ihc one 
tluonn ttraip.hl up and ball 8 he thc onc dropped from rcM at bcighl/f. y.., - 0 * - . t — // . 

EXKCt'FE: (■> y-y ( *v 4t r+yií ( rapplicd tocach Kill pvc* j*j ^rj-ygf'nnd r 4 ¿//-y¿f J . >-^ = >v give* 

U 

(b) l'or ball .4 at iu highest poinU v t -Oand v v * .* give« fM. Seting ihiiequal lo ihc time in 



parM 



EVALUATE: In port Í*V raiog i - — in ihc expcciMons for v,and r¿ givc* y A » - //! l-i-^ I . //must be 

\c** ihan — in order fot thc balb to eollide before ball A rcturru to thc ground. Thh a becaute ii takci ball A 
S 
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tune r — ii> retara lo thc ground and ball fallí a IMN - fl - — Junng thi* time. When // -.^Lthc 
£ ff I 

balU collklc jum ai hall H rcachci (he ground and for // wrcaicr itan ihi* hall .í rcachc* ib: ünxind before 

thcy collide. 

2.93. iDEvntYandSETUr: t"*e y -dx di and a. -¿rWtfi toeakubte i (f) And tf(M for cachear. IJ« lítese 
cquation* ti> anroer ibc qucsiion* aboui thc motian 

di di 

<tt at 
00 Id¿\iim ¿oto 1 So Up: Thc car thal ¡nilially move* anead i* thc onc itat tas ihc laigcr v it . 
ExF.CirrE: At i -0» v A ■!! and i jlj - 0. So tniiialry carH moves ahead. 
4b)lm:MiKVandSi:r UP: Car* at ibc lame poini implics x t *x t . 

EXECUTE: One ¡olulion u i «0, whkh *ay* that thcy *urt from thc same point. To find ihc other solubons. 
divide by i a + fi» *yt-SV 



"¿Í^"^^"^' -4to)*-LM.60i^l.óO, J -«0J«2»>)»4JI0«±L73 



So <j & ** fe* f = 0\ i » 2,27 * and f - 5.73 s. 

EvaLUaTE: Car H ha» contianL positivc 0 É . iLs r ( ispeaitrve and ¡ncrcaxing. Cari? ha* r, . -0 and a. ttat is 
iniiially po«ili>"C bul ihcti bccomci ncgalivc. CxB initiaJIy limes in thc T\*dircciion bul then *kmi oVmn and 
final ly reverses dircclkin. Al f ■ 227 % car B ha» ovcriakcn car A and then paste* ÍL Al f ■ 5.73 car B n 
ntovmv ni ihc — .r*dir©:tiou as it pasics car A 



(c) IDEVTIFY: Incdotancc fnmAmBis x s -x A . Tbo rale of change of ihisdiitanco b **\ If thb 

di 

dbiancc »s not changuig* — i— — "0. But thb *ayj v ft — v A - 0, f7be dutance bctwccn hÍ and «9 i» ncithcr 

decrcasing ñor fncrcasing al thc ¡nsiani when ihcy ha\c thc sime vclocity.) 
Srr UP: j w m rcqittr» a + l/U - 2/t- 3tfr J 

l m * i 1 1 : 3Ji ; <■ 2()T- *■ " c 

r : v. - -- ■ ■ ■ . - . c r I andi-4J3i 

EvaUtaTE: A(f-1.00i t v A = Vj. -5 00 mi. Al i -4J3*, « - 13.0 rov Ncm* car S i* %lomng down 
ulule H ccttluiuc* la «peed up. «o ihcit vcl*xil>c* areo't ovrequal again. 

(d) lm:MiKV4ndSi:r Up: a tt -a^ requires 2fl-2y-6ót 

l.xi.c iniE: imt — *L s a 2,67 i 

3if 3|O20naV) 

EvaUTaTE: At 1-0, tí A > a M but b dxrea&ing whilc ti ,, b conttant. Thcy are cqual al i - 2.67 % bul 

forall tímeiañer ihat a At <a+. 

2.94. lot-MiM: Thc applc bai twoicgmeni» of rnotion with conjdant accclcralicn. Tot thc maltón from Ibc Ircc to Ihc 
ton orthegra» Ibc accclcralion i*^ don h ivA + ard and thc applc falU a dtiiancc Ji -ft . Por thc moción from ihc lop 
of Ihc grau to thc gitund ihc accclcralion ¡««Kupwaid. thc appk ira^ckdoun 4 A < ard a d¡*tancc k* and thc final 
ipeed \% /ern 

StF Up: Lct ir be upward and leí r -Oat thc ground. Tnc applc a initially a hctgbi // + ¿abrnc ihc cround. 
t am. ii: (■> Mobon finen y tí K» y*ti : y-ft — N . ^•»¿+3» / (/-j'J givo 

v, = -j2jfW . Thc *pccd of thc applc b J2g// as ii cnier\ ihc gnu*. 



MJt Chupín- 3 



(WMouoofrom j^mt u> y-y ( --*j, m-fi¡S . »¡ - ví, + 2a t ty-y 4 tfpta 



|c)Graptaor>l, v\-iand a,* are *keicrjcdin Figure 2.94 
EvaUaTE: The accckniiion a produced by Ibc ero** 



The actclcralnn of thc applc xvhtk il i*, in (he uní» » ?// / A , upward 




* i^iire 2.94 

2.95. IdEVTIIY: Appty con*tant accckroiion cquation* lo ihc molían oribe l*o objettv. ihe itudcni and thc bu*. 

Skf Up: Por conveniente, kt ihc *tudenl'* fcon*ianti *pccd be r, and thc bu*'* initial poMtion be >; i+ Noic that 
ihc*c quanlilici are Ibr sepárate object*. thc ¿ludcnt and thc bu* Tbe initial pcaition of Ihe *tudcnl ¡* laketi tobe 
¿ero, and thc initial vckicity of the bu* ¡* lakcn tobe vero. Thc po*¡t¡on*of the *ludent r and thc bu* r. a* 

fiinctiomof time are then *, ■ v a r and m Xt *i\/2\nt 3 r 

I \n i n : (^Setting x, m x , and wlving for ihe i«nc* t give* f = — í i^l J*¿ ~2úx tí 



r = ^ ^ — rj-(<5*0 m/%) ± J(5.0 m/*> -2(0J70 ny* ! K4&0 m)) ■ 9.55 i and 



□filie lab 



Thc siudcnt will N: hkely to Supon ihc but the fir*l time site pa**c* il (*ee pan UJi for 
time). Dunng itm I«nc. ibc «tiukni ha* run a duiancc ty-(5 m/*)(9>55 «)-47 fi nv 

(b) Thc *pecd of thc bu* i* <0. 1 70 m* :< ^ 55 ■) ■ 1 .62 mAi . 

(e) The repulí* can be vcnlicd by notinv that ihe z linc* for thc ¿ludcnt and the bu* mtcrtcci al two pointv. ai *hown 
m Figure 2.95a. 

(d) Al the laicr time, the *ludcni hai pa**cd ihe bu*, mainiainóig her conMant vpoed. but thc accckroling bw then 
catchc* uplohcr. Al ihi* laier time the bu*** vetocity i* (0.170 mjs i )[493%)-ÜM m/v 

[<} No; %¡ < 2¿u t and ibc root* of the quadratk are imagiruuy. Whcti thc *tudeni run* at J.5 ■ ■ Figure - 95b 
*how* ihat the two llnc*douni ttiler*cct; 

(0 For the *tudent lo calcb ibc bu*.. \¿ > 2ox t . and 10 ibc mínimum *pced i* 
J2((M70 m/*')(40 rn/*,-3.6í8 rn/*. She ttHMild be running foca Iñnc 2^JH^. -21.7 
di*lance m/*) (21.7 m-SO Ottt 

Mmvc^er. when ihe itudeni mn* al m/i. thc Une* (nlersect at onr point. at x -80 m,ai %hown ¡n 

Figure 2.95c. 

EvaLUaTE: Thc graph in parí <c> *how* ibai thc *iudcnt tu traveltng 
bul al ihe *ccond tirnc thcy meet Ihc bu* t% imvdin^ fa*tcr + 

■(ni sm 

SAO r-T— —i aoi 

15a 
no 



latcí thao the bw thc lint hmc Ibcy mccl 




i. tü 



\ 1+ 24 M 4CI 
(4 



Molían Alón t? a Straight Lime 2*39 



2.96. lo*.vn>\; Appty j^— >* = *o** , ^ ír i' lo Ihe m<Hion frum ihc máximum heighu wbere v J( - 0 . Ibe 
abo ve ■' 2 on ibc w»y down equali (he time *pettt above y M .' 2 on the way up. 

Ser Up: Let *r k-downwMd. tf f y— ,iv*.v w '2wheohe iwJ-l... 2*bovc ihe flocr. 
EuxiTE: The lime from the máximum hcieht to 2 abo ve the floor is gíven by y^ *' 2 = ígf* . The lime 
from ihc máximum hcight lo the floor w giren by y mt ■ ^jíf^ and the time from a hei&hl of y JWE J 2 to the flúor ¡s 

EVALUATE: The penon *pend% OW ta ice M long above é;^ . 2 aibclow v M 2. Ita averege ipeed ti ku 
abure :tí-m ilti when he iibclow thtibeighi. 

2.97. lotMiM: Appty con&tant accclcrabun ouiution* lo boih i&jccfcc* 

Skf Up: Let +jp be upw&rd. soeach ball hai a - ~g . For ibe purpotc of domg a)l four partí uith the leait 

rcpehiionof algebra, quanhiv* will be denoicd lymbolically- Thai U. leí >, - h+ vj -L$r+y s ¿A - -i*)*. 
Inihiicaie. f ip - 1.00* , 

IAm i n: (i) Setiing r, - -O.expanding ibe hmomul (f "1*1* and clumnatmg the common term 

1*1.. . . I ,1 M . - r . . r 



p ¿r ytelih *|V-tK* í« r í 

Subxlftution of Ihi* inio Ibe expresión for y, andietling y, - 0 and tolving fe* A ai a funettonof r, yiekfo* afler 
«orne algebra. ." 1 Uiiog the giren ralue r ■ LOO i and £ -9.80 mf*\ 

Thti ha* li*o loluiion», onc of which i* urfihyitcal (the Ivrsi ball w Mili gomg up when the «econd i* rclcutcd: ice 
parí {cu. The phyucal «utulion involres taking the negative iquare mol befóte lokme Ibr r, , and yicld« S 2 mvv 

The graph of r vcnui / for each ball i*gtvcn in Figure 2.97. 

(b) The abure cxprexikm givc* fot (0* 041 1 m and for 1Ü> LIS km, 

(c) A* y, approache* 9 t 8 m/s , ihe hciuht A necome* infinite, eorrciponditig toa retaiive wlocily al Ibe lime the 
tetrond b*H ¡s ihrown thai approaehe^ ^ero + If %\ >9 t S m/x. Ihe fint ball can nc\*er CAich ibe «econd ball. 

(d) Ai apfiroache%<J.9m ^ the hcighi ^proachc* ¿cra> TUis eurrexpond& lo ihe flrti ball betngcIoHcrandcloier 
[on ib my doi*o) lo the lopof the n»f when the second ball ¡* relcaied If v+<4£ mf%, the firrt ball will alrejKly 
have [uined the n»f on the way cbi*o before Ihe «ccond ball i* rclcaxed. and the ¿econd ball can ncA^er CAich up. 
EvaUjaTE: Note that mc>alue%of i m in pamia)and|b>jffeall grealer than and le« ihan v fc< 
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r fcure 2.97 

lot-vim: Apply constara accelemiion ei|uation% lo Ihe motion of Ibe boulder 
Skf UP: Let * y be dowmfcifd. %tt j - +¿j . 



2 40 Chupín- 3 



K«:ci tí.: (a)Lcl thc hcighi be h and ótoiotc Ibc 1.30* inlcrval o» Af; ihc unwlttncou* cquation* 
k+igt'iik'igit-AJ)* Gtfi be solved foc ^ DMmÉ| * and taking thc square ron*. — 1—- ^2, and 

■ _— and Ajbsiitutíon tnto A - ?£f* gtvet A- 246 w. 

(b) Thc abo ve method j.\tuntcd ihai f > 0 v» hen thc square roo* wj* t&kca The ncgativc root (wilh A/ - 0> gívc% 

m answcrof Í5I nvclcarly noi a~cliíT*. Th¡* would corrc^iond toan object Ihai wat iiuiially nías Ihc botlomoJ 
ihw "clifPbcmg thruwti upward and laking 1.30 * lo risc (o tbc lop and ía\\ lo thc hotionv Although phyi*cally 
ptKtihlc. ihc conditiiinN of thc problcm prcelutte ihiian*wer, 

Iwihii: For ihc fu li.idiaf thcdi*tancc. y- v, -164 ni , v, f -0, flod * ( m 9¿» m'i 1 . 

v j - J2ff ( íy-j;) -56,7 m*, Thcn fai ihc Un ihíid of Ihc d ¡nance, r-^-KlOm. v J( -56,7 msaml 

a t AMOnV. j-jv* V+t*/*"** Í490 m*'^ KS6J m'«)f-H2.0m = 0- 

f - _L(-5Ó,7 + ^(56.?l' + 4(4.9X&2.0)) ■ ■ 1 .30 ■ , a* rcquircd 



M() l ION IN T\YO ORTHRKK DlMENSIONS 



3 



Id*~S71H andSfi Lp: ü« Eq(3 2) t m componen! fonn 

. Av t*— £ SJm-IJ™ 

EXECUTE (v_1 * n_: — 

1 U A/ 1*-L 3.01-0 



1.4 mí 



10, 



Av _ j ~ >*, "0*5 m - 3.4 m 
Af 1. -r 



1 m * 




)v.|, 1.4 nvi 



Plfm£] 

EvaLUaTE: üur cakulalion gire* ihai ¡o ihc 4th quadratL Tbiicorrcipondf to mcníJMiig r and 

cliwirfiwflj 

3.2. lutA un: Use £q(32), writicn ¡& componen* fontv The duunce Irom ihc ontjin i* ihc mugnitudc of f , 
Sef Vfz Ai time \ t ^ *}\ -0. 

I Am i 11 : (■) 1 , 1 XKm/iMI2.0*) = ^5.6mand 1 -O^, )Aí = (4.9m/sMl2.0*)-5HXm. 

(b) r = + y* = ^(-45.6 m> ! *■ (58.8 mi' = 74,4 m. 

EvauiafE: J/ ñ in thc dirtclico of 1 1 , . Therefbrt. Avh negative *incc i* negative and Av b» pon» ve 
xince v, l ^ ih positivc, 

3.3. (*) Ii>imikv jjhI SfT tr: Fram r \w can calcúlate 1 and v fi* my t t 
Thcn use í q» 3. 2 i> in componen! íbmi* 

tnamj »*-[4 0cm*(2 5ctii. l » i |r v ]i ! <-(5.0cini|í/ 
At f -0. r =(<tOcm)f. 

Al f = 2.0*, r - (14.0 an)f -(KM'.kt.ií/ 
Ay 10.0 cm 



if 2JJ 
Av 10.0 



cm*. 
-50 cm*. 



Ar 2.0 



3*1 



3-1 Chaptrr i 




KVAJlAFt: Both x má y ¡noca*?* m 9 m n ¡n thc IrtquadranL 
<b)lDCvnrt and SU f Up: Calcúlate r b> loXinu thc time óemative «f no 

Euc t ir; v - "IL- |{ 5 0 cmt |í )/ t(5Q (mi); 

f*J}: p ( *0, v ( -50cm 1 *; v=5Ücm* and 

r^l.Qg v =5.0 cmfc, y * 5.0 ero * i m 7,1 cm* and 0 = AS* 

r-2.Qg v -lü.0cm% v =5Acn*^ 1 1 ero* ind 0- 27* 

<c> The trajectory ¡* a graph of y >í»ui 

* = 4.Ücm + (2.ScnV*')f\ n-u-ru ..r 

For valué* oí J bctween 0 and 2.0 1, calcúlate x and y and plot y vc»a% x. 
<<m> 




Figure 

EVALir^TE: The s&clcb »htms thai thc ¡n»uniancou* vctocitvat um* r ¡* lanucnt tai thc trajcciory> 
3,4. iDEvnrv; v —dtfdt . Tb¡* vcclor wíll irakc a 45^ -anglc wíth both axc* wticn ¡ta a> and y-compoticni* are cqual* 



Sur I p: 




i \ m y n r - 26tí ♦ . = v, gira / - 2A/jc , 
EvaUaTE: Both componente of v cbange wiih I. 
3.5u iPiMin and5*;r Lp: U*e Eq(3.S) io componen! íbrm lo calcúlale |j. | And 



ExiCirTE: tu) The velocity vector* al í - 0 and f, ■ 30 + 0 % are xhowa ¡n Figure 3.5a. 






t»47« 1= . 

lO ( -8.67 mV 



= D.2ó9 



H^ure Ui 



EvaLUaTE: The el unge* ío \\ and v, are boih in ihe negitivcv ot idxrection. so hoth componente of are 

ihc 3rd quadranl, 
3.6. iDfcvnrv: UscEqJ3,H). writien ¡ncomponent fanti 

mi l>: .j (0 i l ni.'i "u-iH.H o . ít 39 ra/* ', >¡ -<0 + 45ny*'l«n31jy , -Ü + 2ím/* í 

Av A v 

ExEti-m: (a) ^ ■ — -má \\ -2.6 ki/m + íO.39 rti/s «10.0 ti - 6.5 m¡% . - — -And 



(b) v- J(6JroM : í-(0,52ir\t's) : -ó,4Sm/i .at an anek of arelan j ^1 U 4*6* above the hwüontal 



6,5 

le) The velocily. v«(m i\and are xketched in Figure 3.6* The t»o tvlocity vcclori diiTer in magnilude and 
direction* 

luiun: i» i* al m angle of 35° bclow the * v axis and ha* magnitud: v ( - 3 2 mi p 10 v, > \\ and Ihc 
direction of r, b rotaicd counicrck>ckvvi*e from ihe direcixm of # ( . 




3.7. JitiMin L m; Sm I i- Use iÍú**(3-4) and <3*I2> lo find r #f v, a. and ^ ratuncitora 
and direction of / and a can be found once wc know Ihcir componente* 



afume The nucnjtude 



}-4 <h* P irrJ 



I ak i i't: (a) Calculóle x ¡rod y íor r valuci in (he rxnp: O lo 2.0 * and plot> *ersuw + The remití aje givc n m 




rttni 



W flhtitt Al f-2.Pa. v A -2^ro'^ i, »-2<l.2inV><2,0*>-- 4JC m. 1 * 




Jihí t v* e 5.4 mu 
v_ -4 K nV* 



--2.00 



v. 2.4 m * 
<r = -63.4**J6Cr*297 p 



figure 3,7b 

acectoadon : Atfl.0*. 0,-0, a p - -2(1,2 mV)* -2.4 m«' 



^ . 2 4 m * 
o -2.4 m i J 



0 - ra 



Kizure 3.7c 



EvaiaxTE: (d) a ha» a componen* a in (he same direction 
*\ so we know thai r is increasine (the bird is ¿peediag up) 
á also bai a comfiroenl perpendicular lo %\ toihatlhc 
dircciioo of r b changing; the bird ix lurnmg loxvard (he 
ti (lowanl ihe riy.hi) 



H^nre 3.7d 



Moción in Tn* or Thrw D*nx™im* J.S 



v & alw a) ^ tangcnt to thc naih; r ai i = 2.0 % *hown in pan <c> i* langcnl lo ihc path at thíx í 
general ruk á i* consiant and m thc -y-dircetion; Ibc dircctian of i* i* luming toward thc 

3.S. [Dt-MIM: *n»c componen! a of a pcipcrHlrcutar lo ihc paih i* rclatcd to ihc chango in 

component A, of paral Id lo ihc path « rclaicd lo Ibc changc in thc magnitudc of i* . 

SO Lip: When thc *pcctl i* ¡ncreíi*¡ng. ít, i* in ibe direction of v and whcn ihc *pccd b 

to Ihc dircction of v . When v ü conrtant* a, i* zcro and wben thc path h a itraight Imc. i* /ero 

K\i:c i rt; Thc accclcralioa vector* in each calcare ¿ketched in figure 3Ka*c. 
luiun: a ti toward thc center ofeurvature of ibc path. 



of i* and thc 

0 H {ipOOMlC 



■4 % a 



Hitare 3.8a-c 

3.9. Ioí-MWV TTic book it»>fl in projcctilc molioa anco ít lía ve* thc taMc lop* Iti ínilial vclociiy i* horizontal* 
Su Up: Takc ihc potitiYc r-dtfcct ion tobe ufward Takc Ihc otigin of coordínate* at thc inicial poniiionof thc 
book. at thc pouil where il Icavc» thc lablc ton. 




^componente 

a t -0, y ai -UOm*, 

i- 0.350* 

Í-0J5Q* 



U*e con*lanf aceclerarion cquation* for thc .vandr componente of me motíon. with a A -0 and -í ■ -g. 
Ewxin: U> 

V~ A ■ V * f*/ j(-°.80 m V X0.350 »)' - -0.600 ra. Tbc tablc top ¡i 0 600 m above thc ítoor 
j-X» = v„ t íi-Tdj í -Ul0m í í)(0^50*)<-0*0JSSnv 

(c) v, ■ v -É +QJ - 1.10 nV* (Thc x-componcm of ihc veloclly it comtanu unce a. - 0 + i 
v - v u * a i ■ 0 * (-9.80 mhf H0 350 *) - -3.43 mi 



, -3.43m% __ ? , 
v l.lQm* 



a— 72.2* 

Dircctionof v u bebw ihc horixuota] 



I itare 3.9b 



3 6 ( hupttr J 



(d| The graph* ja- given in Fjcure 3.9c 



Hg»r*3.9c 

h uun : In ihc.t-dircction. .. .n:.. r, t con nan In the r-d«ct¡on, a --9B0m* ; and v i* 
downivajd and incrctttinit in magnitud? «anee a and y are tn thc «ame dircclioni. The * and r molióos oceur 
indcpcndcntly* conncctcd onlv by thc time. Thc time it takei the book lo lall 0.600 m i* Ib: lime it Iravete 



♦VIO- lühvnñ: Thc bomb muvti in projcctilc motion. Trcai thc horvontal and vertical componente of the molían 
sepuntiery. Thc vertical moikin determines the time in the air. 

Si:r l'P: Thc ¡nilial vclocíty of ihc bomb ü the &amcas thalof the belicoptcr. Take +j dowmvard. w j. - 0. 
a m +9,80 m ** , v.. ■ 60.0 m * and v t . - 0 * 



I - 



(b) Thc bomb ira ve h a hon/onu] diiianco = v ai l + ¿ff f i<60.QmsH7-H2 *)-470ni. 

(c> r¿ v ( -v 9t + aj-(9.m m ■, i 7.S2 *, - 76.6 m/i * 

(d) The granhi are given in Figuie 3.10. 

(e) Hecaujc thc airplaneand thc bomb alway:t ha ve ihc tamc v-comnoncni of vclocíty and posiiion* thc plañe will 
be 30D m dircctly above thc bomb at impact. 

EVAUaTE: lie miliaJ hori/oniaJ vetocity ofthe bombduesnt aiTcet ite vertical moma 




r i*ure 3J0 

3.1 1. iDtvtlFY: Facn object mover* in projectile monon. 

mi l ► Take *r ta be dou-nw-ard. For each cneket -0 and a - »9.K0 nV<* . ForOiirpy* v #i - 0, For 

hlilacb. ¥ m -0.950 nfe, =0 

E\*;c i vi : Milada *s horizontal componen! of vclocíty ha» no ciTcct on her vertical moi*on. She alio rcachc* the 
. ¡round m350«. x-x p ■ r^í+yff f* * (0.950 nv«K3 .50*)- 3 .32 m 

F* Al t iaTE: Htc x and v componente of mobon are total Ly sepárate and Are connccicd ocily by ihc fací that ihc 
time te the %ame for bolh. 

3.Ü mim The pcr&on move* in projectile moium. She musí iravel 1 .75 m hori/onially duríng ihc lime the falls 

9.00 m vertically. 

UF: Take *r dowmvard. <t t =0, a t = +9.80 mV . \\ u = \\« v ét = 0. 



EXf.ttTE; TÍmelofall9TOm: V*!*/ pvwí^ H v ~ v,> ^ .H W '"S 



M0 ntf 



i .j 



Specdoeodcd to iravei 1 .75 m honxontally durin^ ihix time: x-x p - V *J + ~&J pi^es 



f 1.36* 

EvaUtaTE: Jf %he tncrcaic» her mitiaJ qiced xhc .%lill lakc* 1.36 * lo reacb Ibe levcl of Ibe ledge, but has travclcd 
homontally fanherthan 1.75 di 
3*13* IdevTifV: The car moves m projectile motion. Thc car tra\ h cte 21.3 m- I.K0 m - 19.5 m dowmvard duhng thc 
time ti traveh 61.0 m hori^onlally. 

SKI Up: Take *y to be downward. - ■ ■ - AROmV . v tt *v», v tí =0. 



Motion in Tu* or Threc Dtn>ra¡oat 3-7 



CXECim U*c ihc vertical moiHin to fmd ihc lime w ihc air: 



i x-t 61.0 m ___ _ 



EvamafE: Wc calcúlale thc linal vclociry by calculaling irs ,r andy compocwnls 
3.14, lot-MU^: Thc marbie raove* wiih ptu|cchlc motwtt tvith inilial velocirv thal it hori/onia) and hat 

magnitudc r, . Trcai thc hortointal and vertical moción» «eparaiery. If v t . u ido imall thc marbte will land to thc 

lefl of thc holcand if ifc i* too Urge ihc marbie will land lo Ihc right of ihc holc. 

SrF Ir Lct *x be hoci/onial lo ibe righl »d let *r beimwaid cp»* v #t 0, í t ¿0, a, s-9J0mV 
ExuCirTEi Use thc vertical moimn lo find thc time ti takc* Ifc marbie lo rcacb ibc hcight of Ito levcl grouod; 

r -y,«-r75m.><-^« V +4vW*^ 

on v a . 

Mínimum v» : x-x, - 2.00 m . i = 0-749 * . X-Jg B W f l*/l^ t; = ^— ^ - 2 00 ro - 2.67 rote. 



I 0.749 



Máximum v : x — i. - 3.50 m and i* - ^lííLÜL - 4<ó? nVi . 
0 0 * IX749i 



E\ Al t afk: Thc horizontal and vertical molioni are independent And are ircalcd ¿cparaiclv* Thccr only 
connection t* that ihc lime is ihc ame for boib. 
3.15. Ideviot: Thc ball move* with projeclile motion with an initial velocirv thal t% horizontal and ha* magniludc v, 

Thc hcighl nof ihciablc aml v«e the *amc; thc acccleration duc to gravity chango from g t -PJfOnvVoncarlh 

to & % on planel X. 

Skf Uf: Lct tx be horironial and in ibedirection of Ihc initial vcfocity of thc marb&c and lct *r beupward* 
v «. "*ú» *^ i *0, a t * -g > where g tx eítner g % or g x . 

I \ n i n : Use the vertical mottoo to ftnd the tune in thc aü: y - \\ ■ -A . y - v ( = v #t i + y 0 /' gives j - 4 

Theo x - x e — v t4 i + y£t ( í' gtves x-x t ^ v tí i - ■ — i / ^ -i eardi ind 2.76D on Phnd X + 

-i;J3a .whkhuconrtar*.*o Djg¿~2MOj¡¿. " p 7^ -L28» f * J . 
EvaUiaTE: On Hanci X Ihc acccleralion due lo gravity " le», it tata the ball longer lo tcach thc ftoor. and it 



3.16. Ioiaiim: Tttcfooiball move* in ptojcciile moiHtn. 

m 1 U- Let *r beupnard. »■ =0, \t thc hi¡?hcvi poml in the irajectory. V p aO. 

Yt t 16,0 nv's 

EXECUTE: (u) v. ■ Vm *a i . Thc time t i* — -1.63* 
' ' y 980m>V 

(b) DiITcrcnt con^tant accelcraikttn cquation* eivc diffcreni exprcsuxm^ bul thc «ame numerical rcsull 

^=^=■^■^13.^. 

(c) Rc^ardleu of how thc algebra i* done, thc time will be en ice thal Ibund in pan (ah or3,27 % 

(d) a -» t *o t-^-i o /-í20 + 0nv i *)(327*)-653m. 
<e)The granbi are %kcichcd in Tigure 3J6\ 



M <h*ptrr3 



Kv\u \n.; Whcn thc Ibotball rctum* lo ii* original Icvcl. v M - 20.0 nu jnd v --ló.Oms 





Kí*urt3JÓ 

3.17. lot\im: Thr *hcll nw>^ in projcctik moliotv 

SefLp: Lct *x be huri/onial along ihcdircction of Ihc *hclr* motion. and ki *r bcupwanl. a. -CL 



I \m i ii : li| v,. - v.cobci. -(KODmDcosoOlT -400 mi. v #( - v,tano, - (H0J> railnuoDO.O 4 en* . 
<l>> AI ihc máximum bcíght v c0. v .a^v + tf f gira i — — ' ' i— ■ . 

M iv ■ v. + 2ff Iv~ v.ijuvcs v ~ V* - — - 245 m » 

w s 2 ^ 2(-MDin'V» 

(d) The total time in thc ¿ir is Iwicc thc time to thc máximum hcujhi*. si> 

it) Al ihc máximum btight \\ ■ - 40.0 m* mu) i» - 0 , Al all notnt* in thc motioiv j. ■ Dand 

EVAUUTE: Thc cquatton for thc horizontal range # derived in ExampfcJ H U ff - ¡l ] . . 

R • <W>^^C«Mn i56óm ^ 1ch witfa our rc^ll ¡n port <d). 

3JX. ¡Dt_s iu\ : Tíir llore move* with projeelile motion. Thc cquation* derived in Kxampk 3.8 can be uted ti> fínd ihc 
bcmhl h and ronce R. 



SO Up: From fcxampk 3 + S t A - — —and ^— ! 



_ (125 m*) J (*ui55.0*r v „, _ (125 nVií'fttnl 10.0 a ) ,, M 
Exucrrt: (ti) — — —-535 m. 1- : 1-1500 m 



9. vi nv« 

Ib} A ar*J /f are pnjportiona] lo l^won thc Mooiu A -I v 1(535 m) - 3140 m ¿iml 

1 .6? mV 



ff - 1 im) 1(1500 m) - 8800 m 
\ L67 mV I 



EVAJ.i aff.: Thc projectik irovcU ona parabolic irojcctory* ll \% inairrccl lu my ihat A ■ ift -)tan^ . 

3*19* locvrm: Thc baseball mirxc* in projectile motion, In put íc) firsi cakuUic Ibc componcniNof thc vclocity al 
thii point and Ibcn gcl thc rcMiltant vclocity írom iu componente. 

Skf Up: Finct Iind l!v \ and r<omponcnu of ihc initial vckicity. Uve coordínate* tvhcrc thc * V'dircciion is 
upA + ard, thc ^.YKlircction tt to thc nchi aml thc origin a al thc poani wbcrc thc bascKill kavc% Ibc bat. 

y 



» v f com. «(30.0 m *lco*36.9' - 24.0 ra * 
p, *^*m£r 11 = (30.0 m*)tm36.9*- IR 0 itvi 




Vv comiant accclcnilim cojualion» for thc* and r mouoni. wilh a t -0 and j ■ - 1; 



Motion ¡n Tn* or TI jcc Dtn>ra¡oat J-9 



V.\ix irf E; (al rcoinponcnt (vertical molJon>: 

10.0 ni ■ il VO m%\t -(4.90 mV» 1 
(4.90 m»V-(IN\0 nV*y*HK0in«Ü 

Ar^lyibci|UJKlralK:focniuJd: f ^t^18 01^-I8^) ! -4(4.90)(10.0)J » a (I.W7i 1.154) * 

Tlwballbat aheight of lOOabovc ib: point uíicrc it left thc bu al t, -06S3 s and al i, - 2,99 Al ihc 

time thc bilí pavtc* through a hcighl of 10.0 m ai ¡te wav up and al ihc laier lime ii paute* through 10.0 m on it* 
tvay down, 

ll>> - fe ■ *24.0 m< al all hito unce -0. 

v # - r, t + a¿ 

r, -0.6H3 k v t =í 180 m/a *(-9R0 mVK0.6K3 *i- *l l J m.» ( v ( bpositn t mean* thal thc ball b traveling 
umvatd at ihb point* 

r, -2.99*: \\ -»1R0 nV*><^.80mV)(2.99*i--ll.3 nv*, ( v f b ncgative mean* ihat thc baJI b imvding 

downtt-ard al ihb point.) 
[c)v t .v«.«24.0 m* 

Sol ve fbr r t : 

v* r-r.-O (when ball rciurn* lo hciclvt where motion Martcd}* 
a, «-9.B0mV* ^■♦ISAnV» 

v *— v ( - - |R O m-'* ínegative, unce .' ni ■■ K :. ■ .'. ■ ítdat thb poinil 

Now ihai nave thc componente can xolve Ibr thc maeníludc and direclion of v 

y&R 

v » J(240 m.i)%(-l8 0 m. l í) J - 30.0 mh 
i + -IH.Oms 







1 

. * 







v t 24.0 ra * 
«--.16.*. 36.9* below Iho toirimilal 
R|¡wrc3J9b 

Thc vclociry of Ibcball when il relum* to thc Icvd where it left ihc bat ha» magnilude 3O.0 mi and b dirccled at 
an anglc of 36.9^ bclow thc horiAintal 

EVaii afk: Thc di*cu»ion m pan* {a} and ib i cxplain* ihc ngniftcancc of two valué* of r forwtuch 

y— y* - * 10.0 m. Wbcn thc ball rcium* to it* initial hcighi.. our resulte give thal it* speed b thc same a* ib initial 

¿peed and ihcanglc of ¡t* vcloeiiy befow tbc horí/onial b oqual to thc aogb of ib initial vclocíty ¿hiivc thc 
hunxontah boib of thc^c are general rc*ult*. 
3-UL lot% nrs: Tbc *>hot movex in projcctilc nxktioo. 
Si:r LTp: Lct ty be upward. 

I am i n; (a) If aír rc«btancc b tobe vgnored. thc componente of accckraiHtn are 0 hun/ontally and 
-g — ^9.80 mf* vertical \y downward. 

(b) Thci con^toneni of velwiiy b consiant al \\ ■ (l2.0m/«)cos5L0^- 1SS rn/% . The i-eomponcni b 

v«, »<110ra/*>*m5lO p -932m/* al reléase and -v #l -p -00.57 m í '»}-<9R0m/* í )(2Xl»O- -I1.06m/* 

when tbc *bot hrb. 

4c) í r-^-v éi /-(7,55m/*K2.08*)-lS.7m 

(d) Thc iniiial and final heightt are m* ihc »amc. 

(ejWith v-0 and » 1<>««><Í Eq (3 lS)gñc» y.^LHlm. 

ift Thc grapbi are xketched in Figuro 3.20. 



3-10 Chupín- J 



t\Ai.iAlL: Whenthcshot 



i"í:c xliol vontitiuc* lo ¿ccclcratc 



lo iu mmjl hciuht, if - ni 
tlmvnw¿ni a* il imvcb downirani I Jtl ra 10 thc utound and ihc magniludc of t\ al ihc gnxind U largcr Uu.11 

9.32 ms. 

xUlim yUitmi %ímM ^HmM 

7J6 M> 
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Figure 3 JO 

3,2 L IdevtíIY: Takc ibc mgm of coordínala ai ihc powt whcrc thcquartcr Icavcs your hand and lakc poiitivey b 
be ufmard. Thc quancr movci m prrycciilc motíon. wilh a t - 0. and «\ - g U travcl* vertical ly Ibr ihc lime í 
takc» 11 lo travcl hcraontalty 2,1 ra 



r 



i 3 JO m * 
v 4t B^nn^ ■ (6-4 itvi>iinólT 
1; -5.54 m-'R 



II ni 



Figure 3.21 

[a)Si:i Up: Uw ihc hon/onial fr^ompcoicnt) of moiton loiolvc Ibr thc lime ibc 



travcU raroughthc 



* — ^ » v Ut J B v a ,i* lince -0 

EXECUTE: j^.íI^-lIfL.G.656^ 
Si:f Up: Now frnid Ihc vertical diapheement of ihc qic 

(bfScrUn r »?. f-0M6*. <i f >-9.R0mV. v tíi » +5.54 mfe 



sltcr ihu time 



I \n i m : r, ■ 5.54 1 * SO ni 1 H0656 1) - -OJW ni 

EyajxaTE: Thc muiiís si un (íw \\ ¡ndicatcs that ibc i -componen* of r is ckwnwinJ- At lh« poini thc quarter 

ha* passed through Ihc hiufrctl point in it* palh and b on it* way down» Thc horironial range if II retumed to 11» 
original bcighl<il doesiTt!) would be 3.6 m. It rcachc* iis máximum hcight afler travcl mg horixonlally I m. *o 
x - x+ - 2 \ m itbon ru way down. 
3,21 lot-Min : Une Ihc analy*i* of Exampk 3. 10* 

SiifUp: FromE*ample3.10. f and 1^ -(VjWn**,* -t# ! 

v d cca^ 

Kmxi ff.; Suhitituting fot 1 in ternn of *í in thc expresión Ibr r 

U»ng ihc civcn valtici Ibr d and «. 10 exprcti ihu 

r-<3.00m)l 1 



«i 

26.62 m^'i 1 



(■) i\ - I2 0migiw 1-2.14 m 
[h) v - H.O mí gi>í» r - 1.45 rn 



Motionin TVoor Thrcc Dimensión* 3<U 



icf v, - 4.0 m *give* v - -2 2v di . In thn cw, ihc dart wjs fitvd wnh so tlou j *|ved th;ii ii bit the 
traveling thc ? meter hon/ixital duianoc. 

EVaji afe: Fot (a> and (d) thc trajeclory of me dan lu* me *ha|w xhown in Figure 3 ra Ine texlbook 
thc dar! move* in a rumbóla and rctumt tothe ground befare ii rcachc* thc x- coordínale of Ihc monkey. 
3.23. lot-N FITO Takc rae origin of coordínale* al dic roof and ki thc *.i direciion be upward. Thc rock 

profeclilc moción, with a t -0 and d h ■— g. Apnly comían! accclcration cquationi Ibrihci 



before 



SEflte 



i - ¡; ni 




^ ■ r t «wc^ = 25.2 nv* 
r„ « v„Mna„ & 16.3 nv* 



figarv 3 -23a 

(a) At dic máximum height i h # = 0. 

MOnrt*. .,.0, %,.*l6J*a. y-*-» 

(b) Se r V r: Find ihe vcbcity by «olving fbr il* j and y 
n - 25.2 m * (lince a. * 0 ) 

v d t - -9*80 rn* J , y - y« » - 1 5.0 m Incgauve bccauic at ihe ground thc rock b below in inriial r^iiion) 4 
\ it = i6Jm* 

v A ■ -^»¡, + 2a, (y - v # > (v, ii negativo bccau*c al theground rae rock nimvclingoWnwmi) 
Ex*< i r» : r, = -,/(Í63 im)* + 2(-9J0 im*K-I5.0 mi =-23.7 nVs 
Thcn v-^ítvf = ^(25.2111*)' +(-23.7 m *)' = 34.6 nVs. 

(c) Sei Ut: Uie thc vertical moción (v-componcni) to find Ibe lime Ihc rock ¡* in ibe air 

f»?, r=-2J.7m* (from tari mi.. ^> 80 nvV\ v, =tl6J ms 



-23.7 ms-16.3 nVi 



*4m 



Si:f Up: Can uic thb / lo calcúlale thc horizontal range: 
r-4.0H*. v tt =25*2nV*. a.*Ü x-a^«? 

ExtctTt: t-^ 3 ^*^/ =(25.2 nv*K4>0H «1 + 0- 103 m 
[dKiinphiüÍJ^wuM - i v 4 ver*u*r,and v. vtfSMt 



liínre 3.23b 



S-ia ChupttrJ 



EVaUMTE: The time it takc* (he rock lo (nivel vrrtically (o (he gnxind i* Ihc linw ¡t ha* lo travel boroontolrv. 
W<th »;,, ^ +16.3 m * (he (une il uke* ibe rock lo reiura to the Wvel of the roof fj ^ 0| i* t - 2v tí , / j - 3 .33 * The 

(ime m (he ¿ir b grwtcr ihan thi* bccau*e (he rock travcU an adifauonal 15*0 id lo me ground. 
3.24. lotMin : Comidcr the horvonul and vertical componente of the projectile molion. The water iravcl* 45.0 m 
horaontally in 3.00 s. 

SOfa Let +r beupwaid. -0, - -980 mV . r,, -^co*^, v,, »r»«nrV 

KHOTO (i|i-í, = v,/+jffy grva x-Xt*v o lm0,)t and cwfl, ^ ^ — — jS—- ^ 0600; «,-53.1» 

(h) M il 1.1 i -(25.0m*kov53 r^l50m*. v »0and v-^ + vJ =15.0 m* Al alLpomu 

ir. ihe molion* a ■ fcRO mV downwinl 
<c> Tind r - r ( . when f ■ 3 00* : 

m*)(*m53J'K3 + 00*)*^(-9.*0in l > í KJO0O 3 -l5.9ro 

v, *v 0í «I5.0mh, v, a ^,1-Íi ( f =(25.Om*K*Ín53J o )-(9 t 80ni^ i )i3 í 00 >)--9.4l mi. and 

EVAUMTE: The acccleralion b the ame at all pomu of (he molion ll takc& ihc water 
20*0 m/s 

f — — - ■ — i — 2M s lo rcach ús máximum heífthi. Whcn (he xvaicr reaehe* the builtbni? it has pa&*cd 

a, -9.80 nV* 

its máximum hcight and jte vertical componen! of vclociiy b dowiward 
3,25- Ioevhm and Si: r L'p: The itone move* ¡n projeciile molion. It* initial velocíty ti (he same a¿ that of the balloon. 
Use consiant accelenilion cuualion* for the v and r componente of it» molton. Take *y lo be upward. 
Exr.ttrt: (u) U*e ibe vertical motionof the rock to fmd Ibe ¡nilial hcight. 
r-6.00v v l .-t20.0ffl i k ^-*9.H0m* í , 

r->; = V + **/ * iVM A" Mi< " 

<b) In 6 00 1 the baltoon traveb dowmvard a dblance y - i; = (21X0 *)(6.00 *> ■ 120 m. So, ¡te hcíght above 
¿round whcn me rock hite b 296 m - I20rn - I76m. 

<c> The hortcontal dbiance ihe rock iraveb in 6.00 % b 90.0 m Tbe vertical componen! of the dblance bcrwecn the 
rock and the haiket b 176 irt *o the rock b ,j\l7fi m> ; *(90 m)' ■ I9K m frum the baiket when il hite ihe yround* 
(d)<H Thcb^kct has no hori/onUl veiocity, «i ihe rock ha* horizontal wlocity lí.ümt rcbti^ lo the brakcL 
Jtwi befóte the rock hite the grouniL ite wriic jl coniponent of vclocity i» v < i; + a¿ — 

20.0 ni i * **> NO iti-s' N6.D0 *) = "S.S m-'*. di>^ nw ard t reUti^e lo the ground* The buket u movine o\m nwani al 

20.0 m * «o relative lo the basket Ibe rock has dowmvard componen! of wlcciiv 5K h N nu. 
M homontal: 15 0 mtt; «rtical: 78 8 m* 

EvaIxaTE: Tbe rock has a coniiant horí/onial vekicity and accekntei ckmuward 
U& iDEvnrV: Ine^hel! movesa* aptojeciüe. To juil clearme topof the clitT. the shell musí have 
y - - 25.0 m «nen it ha» -60 0m r 

SfF L T P: Let « >■ be upu'ard. a t -0, tf p « -£ . = tYco*43°, v tl - v f «n43* . 

E\FC l'Fi:; (al hori/onial molion: x - x . *vt so : 

° m <r a cw43*)f 

verbcjLlmotÍon: f i--y, »v # ,f + ytf p / ! givet 25.0olií^' o *m43^W*fí-^«0^^iV)f , . 

Solving the»e two »imu)taneou» cquitioni for t\. and i givei v b - 3.26 and r - 2,51 * . 

(b) tj when »hell reaches clirT: 

*v t . +^-(32.6 ri ii r- ■■ i' v .. ■ i2 51 s)--24 mi 
The xhell b traveting doi*nwardwhenit rcache» ibeclilTioit landxr^ht al theedge of Ibe cliff. 
EVaUUTE: The *bcU rcachc* ¡te máximum heieht at t = = 2.27s. whkh confirmMhat at f -2.51* tlbai 

pai»ed ils máximum hcight and is on ite way áown nnen il itrikc* the ed^e of thecliíf. 
3.27. lot.viiFV: The »uitca*e mo\*ei in ptiwctile motion. The iniial vclocirv of the tuiica»e equab the X'elociiv of the 



Motion in Twoor Thrcc DimcnMonk 3*1 J 



StF Up: Takc *y lo be upward* <? 4 - 0 , d p - ~¿? * 

EXECUTE: Uu* Ihc vertical molion lo find thc time Ii take* thc *uiica>c lo rcach thc ground 

v *. * v # «n23*, d t ±-9.80 mV. y - y, -» -114 m, f «? J>— JV" V*^/ 1 IP^ f"M0 
Thc disiarKC thc Minease rmvch hcnaantallv i* x-x*- v tí =(v u coi230 : ií ■ 795 ni . 



, ~ ■ s . Thc 



sitticaic is in ibc a¡r much kmger ihan thü sínce it ¡niliatty ha* an urward componen! of velocity. 
3.2$. lD£vnrv: Determine htnv dependx on Ihc rouiioiul pcood í". 

^-±£. 

ExkCUTE: For anv iletn in thc ua*hct. ihc ccntripctal accclcration will be imcrvcly proportiorud lo thc tquarcof 
thc rorational period; Iripling Ihc centrípeta) aeccieration ¡nvolvc* dmcaMm» thc period by a factor of JÍ . *o that 
thc ncw period 7* t% civen in Icrm* of Ihc previou* period Tby T' - T>'J$ . 

EvajxaíE: Thc rotaiiorul period musí be deervuted in order lo incrca*c thc rale of riMalHm and ihcrclbre 
Íncrca*c Ihc ccnlnpcial accclcmlion. 
m iDBenrv: Appty Eq. (3.3o,. 
SETUP: 7"±24b> 

EXECirTE: (i)ü = ^ J <6JHxlo*m) u : u i 

- «24 bKMXUW * 



r<6 iXxIO'mr 



(b) talving 1^, <3JQUonbc penod Twith r^j«£, T ± ^ * ^ — ^—.^5070 s -1.4 b. 
EVAUrATE: b propariKMul lo i/7" J , *o lo mercas: a u by j factor of ! — T - 294 requtre» thal fbc 



multiplicd by a factor of j^q^ * ^294 ~ ' ^ ^ 



3-3*1 iDEvnn: Ejch blsde tip nvivci. m a arele of radio* - 3.40 m and therefore hai ridial aeccleraiion 

SkfLip: 550revrron ■ 91? rc\ vi , corresponding lo a period of T- -{1.1(19*. 

9.17 un 

K\*:c t ti ; tu) v ■ ± 196 ro/s . 

* 

EvauiaTE: tf^ ■ p givtt ihc lame resulte for o^aa in pin (b)* 

3JL iDBnVK Aprrty &M3.30). 

SKT 1*3 *±7.0m. g = 9.B0mV. 

EXCCUTE: (K>Solving Eq. kV30| for Tin icnmof and o^, 

T^^^Rfa^ - Tjáx'Oti m, U OM9 K0 mV) = 3.07 s . 
<b) i/ F ^-lOf gi\c» r-l.6K*. 
EVALUATE: Wnen inervan, rdecrcaAei. 
3.32* IncvnfY: Fach planel nmvs in a circular orbtt and therefore h¡w aeceleration -v ? //f . 

Su Up: Tbe radium of thc eanh'i orbil h r« 1 50 * 10" m and n*. orbital period U T ±365 dayi ±3.16x10 1. 
ForMcrcury. r" 179x10^ m and r ±S8 + 0 diys ■ 7.60x10* * . 

Eu.c f rr : ta) v- 111 ■ 2.98x 10* m/s 

<b)^ = L = 5.91x10 ^mAj 1 - 
/* 

m v = 4-79x10* mi. and o ±3.96*10 : ra»\ 



3-14 ( hupttr 3 



EvaixaFE: Mcreury has a largcr otbiial vcloeiiy And a Urge r radial accclcnihtro Ihan eanh 
3 J3. Iut.\ i : Iniíbrm circular mol ion» 



%tfV?z Sincc ihc nagmiudcof r uconstant* i h ^- — L2-0 and thc resuhant accclcrahon is curial toihe radial 



comnonent* Al caen pi>int in ihc motíon thc radial component i>f thc occclcration isdircctcd in toward ihc center of 
(be circular paih and st* irugnilude re gíven by ip 3 

EJBCims (■) o., - P 00 - 150 aV, «mwd. 

14.0 m 

(b) Thc radia! acccIcraiHin ha* tlx «ame magniludc o* jn pait (a), bul nrov Ihc dircelion loward thccenlcrof Ihc 
circle ü dwnwaid* Thc acccleralion al ihispoíram me motíon ti 3.50 mV* : , downwanl 

(c) Sit ITr: Thc time to makc one roration «thc períod 7". and thc speed v ¡s ihc dbtance for one revolution 
di vided by T. 

XtJÍ „ 2t« 2*114.0 m) B#t , 
EXíXtTE: i - so I ■ ■ -12.6 * 

r v 7.00 ms 

EvaUiaFE: Thc radial accckration tí consiant in maunitudc sincc v is comtani and ¡s al every pomi in ihc 
mol mu directed tonard Ihc cerner of thc circuí» paih, Thc accclcratíon « perpendicular to v and i* non/ero 
becauve ihc direction of v changes* 
3.34. Id&viifi: Thc accclcrabon ¡s tbe vector sum oí thc iww perpendicular componente and . 

Si: r l."p: ^ ¡s paral Id to r and henee is associated with thc chance in speed; ti u . - 0.500 mv _ 

EXlCl f t: i.o ^ (3 nVs) *J4 in> ■ 0,643 mV . 

* -«0.643 nVsY + <05 m % » )' 1 =0.314 37*9* to tbe right ofvcrücal 
(n) The sketch i* viven in Figure 3.34. 




r'igim3¿4 

3JS. loE.Mm: Fach part of bis body motes m uni forro circular moción, with a ttÁ ■ 1— . Thc speed in rev/s be 1/7* , 

where Ti* the períod in scconds (lime Ibr I revolution i* Thc speed v inervase* with R alone, thc Icngihof h¡s body 

but dII of him roíate* with the same períod T. 

SETUF: Farhíshcad R ■ RS4 mand forhis feet ff-6 + K4m. 

t«;ci rr : (■> v= JtoT¡- JfKM mHI2.5H9»0 mV) -32.9 nVs 
0»>Uk - . Since hisheadhas a^ + íl.Sg and íf - KJU m . 

r=2 T g = ; g f *- Mm . ,|.6 S S,.Th M h»fc«h J v eaM .-l. 4T, ' 6 - ,UB,t ^mV = 9.67g. 
Va-, I2.Si9.B0 mV> r <L6KS ») ¿ 

The difference behkeen the acceleration of bis heod and het feet is 12.5^ -9 + 67g - 2 + S3¿ - 27.7 ros* . 
<c) 1 ~ — — = 0.592 revi* - 35.5 rom 

r i .69 ^ 



EvaUiaTE: llts feet havesneed v-^Ra,^ -^(6.84 mX94 r Sm>V) -25.5 m-x 
K36. lOEvnn: Tne relative vclocítics are v it »mevelocilyofthescooicrrcloti\ , eloihen l atcar + v x ^»thc 

relaiivc to thc groundond ihc llatcor relalivc to the ground. v k ^~v kt *■ i\ Kt Carry out Ihc vector addition by 
drawmg a vccior addition diagrorn. 

$£f Vfi v 1( •ñ^-í (C . f M( is lo the right so -r (it isloibelefi. 
CxuCtTt; In each case the vccior addilkro diaeram uivcs 
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<i) 5.0 m* lo thc right 
(bHóOmstothc kft 
<t) 13.0 m% tothcleñ. 

EvaUíaTE: Thc *cootcr ha* ihe largcsl «peed r da ti ve lo ibe ground whcn il i* moving lo ihc ríghl relalive lo ihc 

Hatear. *inco in ihal ea*c ihe lwo ve loe ibes r ¿ , and ** h l4 are in thc ame direciion and ibcit magnitud?* add. 

lot% nrv: Relativo vclocity problcm. Thc lime lo walk (he lengih ofthe moving udcwalk i* thc length divided 
by Ihe vclocity of Ihe woman rclatívc lo ihe ground* 

Skf l'P: Lct W tiand for roe wonun. G i«r the ground. and S for (he *idcwalk. Takc thc po*ilive direciion lo be 
(he direction m whioh ihe «idcwalk ¡* moving. 

Thc vclocilici are v M {woman relalive to thc ground). v m (woman relalive tothe sidcwatk). and 4*idcwalk 

relaúve to thc ground^ 

r^JJJíbeeomo 

di% tance Iravckd relalive lo ground 
Thc t»mc to rcuen inc othcf end k given bv j 

Km;c i n : (u) y ifl ■ LO m * 

35.0 m 35.0 ni „ 

í- -14*. 

Vu 2.S M * 

<b> v^j i LO rns 

v %1( * + = -1.5 rn'**1.0 m f i = HX5 nV*. (Since v fcit oo«' b negative* *hc rnu*i gei on the moving 
¿idcwalk al ihe oppoxitc end ftoro in pan (a)*) 

-35.0 01 -35.0 ra „ 

f = = ■ 70 *. 

-0,5 nv* 

Hv vil \ii ; Hcr «peed rclatívc lo roe ground i* much grcalcr ¡n part ta) whcn *hc walk* wiib ibe molion ofthe 
lidewaL 

3,38. luEVfltY: Calcúlale (he rowcr** tpeed tela ti ve lo Ihe *horc for each *cgmcnt of (he round trip 
SO Lip: Tbc boaT**pecd rclative to Ihe inore i* 6.K kmh down*iream and 1 2 knvh upalream. 
EXECirrt; Ihe walker mow a f otal dtf larcc of 3.0 km al a «peed of 4.0 krn h, and takc* a limeof thrccfounbt 
of an hour (45.0 min). 

Thc toul time thc ron h cr Ufce* U 4 [ ,47 h - &R.2 mín- 

6.Kkmb 1.2 km n 

EVALUOTE: )l lakex thc nmtr longer. eveo ihtmgh for half thc ditfancc ha ipced n greater man 4.0 kov n. The 
rowcr *pcndi more hroe at thc slowcr «pced. 
3J9> iDE-vnrv: Appty thc rclalivc wlociiy relalion. 

Sir l>; Tbc relalive wlociiici are \\ t , ibecanoe relahvc to (he earth. v, h . ií#: vclocity of Ihe river relativo lo 

(heeaith and , . (he vclocity of Ihe canoc relalive to ihe river, 

I \m i 1 1 i¡ tí - ^ t * v kí and iherefore -í^,, . The vclocity compone ni* of »; fc are 
H>JOm'* + (0«m**Vsfr ea*t and <Ci M m-'*\-*f2. *outh. for a vetacity relalive lo the river of 0.36 nvi, at 

EvaI-I vrt: Thc veloctly ofthe canoc relime lo thc river ha* a ¿mallcr magnítudc (han Ihe ve4ocüy of thc canoc 
relalive to the can h. 
3,40. IdCvTIFY: Use Ihe rclation thal reíale* roe relalive vclocitie*. 

Mi l >: The relalive vclocitic*are (he vclocity of roe plañe rela(ive lo Iheground, ^^tfae vclocity of Ihe plañe 
relalive to thc air, v t s . and thc vclocity of roe aírrcbtivc lo thc ground. mu*t ihic wol and t Klt mu*l 

be *outh r \ <it ■ SO kmb and v t x ■ 320 kmh , t l f . 4É m t 1 ^ ^ * * . . The relalive vclocity addition diagram u given 
in Figure 3.40^ 

EXECITTE: tu) *m 0 - ■ W0 and - 1 4 \ north of vyc*l 

iv. 320 kmh 



H>> v w = J*i*-v; fi ■ JÍ3:okB*'hi J -tM><> kmhv ^ 3 1 0 kmh , 



3-1* Ch*pttr3 



EVALUATE: 



lo travcl duc wcst 



rvctacityofthe plañe 
uppositc lo ihc wind 



re taii ve to thc a ir musí have a wciiward component 




.MI. lüKMitM Roto ti ve vckicity 
depend* on hn vclociiy rduiiw 
(•)SitLp: Viewthc 



in ttvo dimcnsions. His moikon retal ive lo thc ejrth (timv 
thc caí tlt so musí *olvc lor ihis vdoerty. 
abuve. 



H- 



Thc vclocity vector* in Ihc probkm ve: 

r M1 . thc vclocity of roe man rclativc lo roe canh 

die^loei^orihewaierreüúvtioihecanh 

, the vcleoiy of the man rclativc lo Ibe walcr 

Thc role lor adding these vclocitic* i* 



ore 3.4 



Thc problcm lelU u» Ihai r vt ha* magnitude 2.0 mi and (brectiondue *™th. U alto tclb u* thai »,. v 
magnituoe 4 2 mi and direciion duccasL Thc vcclor addítion díagnun w then ai shown in Figure 3.41b 

Thi* diagram shows ihc vcclor addítion 

ind alio has and t in rocir 

specifled duectíon*. Noie that ihc 
" 4 - vcclor diagram focnu a righl iriangk. 

Pipi* 3.41b 

Thc Pyibagnrcan iheorcm applled to the vector adinuon dagram gives - *v¡^< 




uc a + *i* * v/í 4 - 2 raía) 1 + (10 n¿¿? = 4 .7 mi tantf~ 



-2.10: tf^65 ! ; or 



r V ( 2.0 ms 

£ =90*- 0 = 25°. The vclocíty of thc man reutive lo Ihc carro lus magn ilude 4.7 ro s and direction 25^S of E. 
<b) Thi* rcquirc* carcrul ihoucht. To cross thc river ihe nun musí travcl H00 rn duc cast rclatíve io ihc canh. The 

man** velocily rclativc lo Ihc carth is r' Mt . Ilui. (rom ihc vector acklition diagram thc castaard componeni of r UL 

cquafe v W(( - 4,2 mi 

x-jl SÜOm mM 

Thui 1= 1= = 190 *. 

v t 4 2 mi 

(c) The southward eomponent of r HI cquab r tl =2.0 m v Thcrcforc. in the 190 s it rakes hini to erm* the ríver 
the disiancc soum thc man travcl* rclativc lo Ihc canh is 

y- Xa 3 1'-'" 1 * miX190*i = 3 SO nv 

Evajxafe: If there weie noeurrent he would ero** in thc same time. (ROO m)'(4.2 ro s) - 190 s. Thc curreni 

camc* taim ekivtnitrcam but doctn't affcel bis motion m thc perpendicular direciion. from bank to banl. 
3.42. IdíMifv: Use Ibe rclation thal reíales roe relaiivc vclocities 

Si.r t'P: Thc rclaiivc vclociiícsarc the water rclalivc lo thc earth, r t t the boat relaiívc to ihc waier.. r HV , and 
the boat rclativc lo rocearth* . w chic cast, r w t « duc soulh and has roagniiudc 2.0 mi. v AU =4,2 ro s . 
""fcL *^ ne vclocro addition diagfam w given in Figure 3,42. 
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fuá ri : (tt| Tind ihc dirtciion af r fcW . 2.0m* 0 = 2M** noctli of ca*t 

i**^ 4.2 m 1 * 

W*ta*^-*tt«^l« ^-(2.0^=3.7 mi 



"nú 

EVaUMTE: )I lakcs \ongct lo crosu tltc rivcr in thw problem than il did in Problcrn UL In ibc 
aero» (he rivcr lca*l} thc componen! i>f hb vclocily re la ti ve to thccarth t% la« than 4.2 nv*. 



tlitcv tion siroijrfM 




tizare M2 

3.43. locvnrv: Relativa vclocity problem ui lwo dimensión*. 



[jOShUp: v rK U Ihc vclocily of thc plañe rclaiivc tu ihc air. Thc problem «tale* ihat v /K ha* rragmludc 

JL- w lo thc ¿ouimvctf i 45 ' S of \V> 



35 mi« ji»J dircciion *outh 

y. . ¡« tlx vclocíty of ihc air rclaiivc t« thc carth* Thc problem Mate* 



uhI hai magnitudc 10 mi. 
Thc rdairvc vclocily cti 




F¡pire3.43w 

KttCirrt: <b) («Wl — 3Sm<* 

(v** I. - -«0 m*ico*4S* = -7.07 mi 
(T M (, « -(10 nV*|*in4S* = -7.07 mV* 

(«taWkA+ftwX -0-7.07 «fe— 7J*t 

— 35mfc-7JI7nA— 42 n» 




iV« = i/(-7.1 nVii' * (-42 mV*)' = 43 mAi 

1«Vb)j -*2 
(9.6° wertofioulh) 



EVAUUTE: Thc relativc vclocity adcalion dágram docs not fotm a right irianglc *t> thc vector addiüon 
done u*¡ng compoocnlx. Thc wind adeb both souihxvard and wciiward componcnU to thc vclocily of thc ] 
re Ulive to thc s round. 



Ui lof-Min: Use Eqi-í2.l 'i and |2 IR> 



Up: Al thr 



3 2 12 2 6 

(b) Setnng i* ( ■ O yieldi a quadraiic in /. O - v. t fit - Lt t ■■ :■ i j- h.i- jb thc • • ilive wlution 



f = — * * 2v ( / 1 j - 13 .59 1. Uxmg thii time in thc cxpfcsuon for iit\ gívex a máximum heigbt of 341 m. 
Kf The palh of ihe rocket U ikcichcd in Figure 3,44. 

(d) > -Ogtvc* >i , r t-^r «¿r'anil if'-i-i^ ¿ 0 . The poxitive lolution is f - 20.73 *, For ibis j t 
*-3.85*IO*ni. 

EVALUATE: The graph in pan <c> *how* ihe path « ikh «ymmetric about Ihe higbcit point and thc time lo rrtum 
lo ihe ground i* lc¡u than iw ice the time lo thc máximum hcight. 




uímiiii 



dr dv 
1A5. ÍDfxmv: v - — and a - — 

di dt 



V*z (O-nT At í - 1 (ti)i. j - 4 00 mvaod ff. - 3 00 ra *\ At / - 1 .,, .1 ■ -"i i . 

i/í 

ExKci'rt : (■) \\ -—-2Bt. a. míHím 25 . which i* independen* ofi. a t - 4.00 m/s *givc* £-2*00nW. 

v r -¿»JIJl\ j -¡i.-6/ií d -3.0ÜmVgi™* /)-0 5i»mv i - 0 ¿i / - 0 givci -l-t. j-500 mal 
*i7 Jr 

r ■ 0 gira C ■ 50.0 m . 

<b) Al f"# p K -Oand v p - 0 . *a r-0. Al l -0 . u ( - 25 - 4.00 míT and a t -Q.so a-ilHOmf'U . 

<e>Al f ¿= 10.0*. : : 00mVNHM>M 400 ni t and v. - 3(0.500 Rl>* ((KlOn - lílínn 

v»Jí¡+i£-155b*. 

(d) T^<2.00m*'Hl0 0*r -200ro t r - 500 m *<0.500 roV HKLO *)* -550 ai . >-<200m|í + <550mí>. 

EVAUMTE: Thc veloeiiy And acceleralion vcclon a* funciion* o I time arc 

i .■ i í / .ii-J -j i I he accekration i« not cocm»l 

3.46. iDEVtirV: r-ij^J^fiWr and tf 

Stí Vfz i ■ .i: -. I jfcvQ. 

I \n i 1 1 : (■) I r-fcri-yíV + i¡Lr)j. DirTercrrtiatmg, é -\~2/ft\¡ + ?} . 

(b) Thepoeutive lime at whicb i -0 i* given by t' -}nffi . At thu time, thc \ ' coordínale ¡* 

r . 7 ^ . 3fl7 . 3(^.4 m >K4.0 ■ prt 1 ) _ a ft r 
2 2tf 2(IAmtf) 



EVALUATE: Tlie jeeclemhon a noi votuijnt 
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3.47. Ideviifv: Once me rocket foivet the mclirv ¡t move* in projectite mobon. The accclcraikm along ibe itwtinc 
determine t the initi&l vcloeity and initial pmition Ibr Ibc projeelile moiHMV 

Si.r Up: Kormotion along the incline leí +x be dirccled im the incline, v" - i -» la^x^x^) givc* 

m) - 22.36 ra 1 * ■ Whcn the ptujcciile motion bcgin* (he rocket ha* r t ■ 2236 m 1 * al 
3$Sf above the horizontal and tí ala vertical hcight of (200l> m)*Ui35.D ü - 1 14.7 m . For ihe projcchlc motion 
leí +j be hon/onul to the right and leí +y bcupward. Let i -Oat theground. Tben y,. - 114.7 m , 

\ tt = v„c«35.Ü*- 18.32 mfr, iv, « v d sñ35JFa I2.N3 nV*. * 4 -0. 0, - -9 H0 m *\ Let ■ ' ..t r . n- . i ■ 
i t ■ (200.0 mico* 35 O ■ 163,8 ni . 

E\j;ti Tt: (a) Al the máximum heighl v* - 0 . v¡ - v£ t *2a t (y- y , \ gíves 

v->lb^! — — - ^ <12.B3ra>) _ R4 q m Jnd v-l 14.7 ro-»R.40 m - 123 mu The máximum hcight above 



1* 123 n. 

(b) The time in the air can be calculaled from the vertical componen! of the projectile mol Km; y - y tí — - 1 14.7 ni , 
1;, «12.83 nV*, 0 s-QJOw's 1 . y-y t *V + ^tí/gives (490 mvV -(12.83 nVsfr- 1 14,7 m . The 

quadratic formula givet r ■ _L-(l 2JC3 ± J(12¿3) 3 * 4(4.901(1 14.7(| * . The ptwítíve roe* i* f ■ 6.32 x - Tben 

j-x,» V'^tV 1 =UH-32 ra*M6.32*j- I15.&mand * - I63.S m*l 1 5.K m -2R0 m . The horizontal tange of 
the rocket ¡* 2S0 m. 

I!\ Al t aFe: The exprc-Hioni Ibr A and /í derived in Exaraplc 3.8 do nol appty here. They ate only Ibr a projeetik 
llrcd on IcvíI ground. 

3.44 lotvnFV: The perdón mora 10 ptojeciile molum. Use ibc resulte in I'xampk 3.S lo determine how 1". & and D 
depend on g and *ct up a raiio. 

SEí Up: From Ex amo le 3.5, the time in Ihc air ii t ■ "^""^ (nc máximum hcight ¡i A- " j1 " »ru; ihe 
hortcontal ranite <callcdi) in the problem) ix D - 0 ^ . The perdón hax Ihc orne v jnd íi.on Mjj% aion 



the eojth. 

Kxi:c iTt ; iff-2v L| nno l . which i* conxiani, so u. -f^ÍH. f« -| — |i c =1 — — — lr t -2.64i 



*" * h " :h constan!, * =r^ M . r M -(i^ -íj^Jfc - 



' ' ^ L-.ii.-t: i-- . (M.mMi> bft, - A M í M . - I— |*t s 2.64*4 . £^-i;*in2a^wb¡ch íxcomunL 
,0 £U = Dj m . D M * j|L - 2.64D, . 

EVALUATE: All Ihtee quanlitiex are proponional lo I g *o all mcreaac b> the same fictor of g¡ fg* - 164 . 

3.49. lotA 1 n v The range for j profcclilc thai land& at the same hcighl Irom which il wa* launched i* - ><J " n ^* 

SoDfS Tbenwimumrangewrora»45*. 

Butlim A«uming fl-45'.and ff-50m, r, - JgR - 22 ra f * . 

EvaUtaTE: We h.r. , atuimed thal dehrii um bunehed at all anglc*. including the angk of 45' thal oivet 



3.5Í* locvnfv: The veiocity ha* a hori/onial lanecntial ctmiponem and a vertical componeni. The verbeal compoocnl 
of acceleralion a /cm and the hotitontal eomponent ix ¿j^ - ~ 

Si;r Up: Let *y beun^'aidand *x be in the dircciHinof ihe tangeniial wloeiiv al ihe intlanl wc are 



.1-2* C/hapirrJ 



Iaki n: (a) Thebird'f tangcniial vclociiy can be found fnwn 

cireumfervttee lr(K.(M>m> 50,27 m 



-10.05 mi 



limeof rotaiion 5.00 * 5.00 % 
Thui ii* vdocity cónsul* of thc componen!* ir a ■ 10.05 m * and v, ■ 3.00 mi* . Tbc >pccd tcUtivc lo ihc grouml u 

then v - ^¡T+*T ■ ■»'* ■ 

[b) The biitl'i *pccd i & comían!., «o ¡ti accclcraiion i* *lrictly ccntripetal cniúctv ín Ihc horüonial dirccium. intvjni 



Lheccntcr oi tu ¡iparal paih and ha* magniludc d . - — - 



íc) Uiíng (He vertical and horizontal vclocitv c 



■ O - tan 



10 05 mi 

EVAUATE: The angle belween Ihc bird'* velocity and ihc horizontal remaní* coruiam as ihc btrd mcv 
.1.51* lot-viiH: Takc * i* lo be downward. Dolb objccl* nave ihc «ame vcnical motion, with t 4j and a ■ r# r Use 

con:*iant accclcraiion cqu&iKin* for thc a* and y componente of thc motion. 
Si: r Up: Use Ibc vertical molion lo find thc time ín thc air: 

EXXCirTE: j'-j í ü = *v/*T fl » fí pvw f -2.2S9 ji 

Dunng ihi* lime thc dan miut ttuvcl 90 m. no thc horuontal comnement of il* vclocily must be 



■ 10 m i 



í 2*25* 

EVALUATE: Both objccl* hil thc ¿round at thc *ame time. Thc dan hit* thc monkey fot any mux/le vclochy 
grcaicr than 40 itVjl 

3.52* Idevtify: The pcr%on move* in projcetilc moium ller vcnWal motion determine* her lime tn thc aír. 
Mili Take +y upwanl i #1 -Í5Üm*, v a , a+IO.Om'i, u. -ti, j - -9.S0 mV» ! . 

Exic t ti.: (a>U*c thc vertical motion lo fínd Ibe lime ¡n tbe air r-v^»;^^,'' wíth y- v, --30.0m 

¿ira 30.0 m - (100 nntf i^Onu i; . Tbe quadraitc formula givei 

r IO.Ot^<-10*0) J -4(4.9K-30)) «.The po*¡tivc solución ta t -3.70 g.Duringthii time ihc IravcUa 

heraontal dUianee * bvj +?*J l -(15.0 m*H * %> - 55.5 m. She mil Und 55.5 m soulbof thc poim 
where *hc drops from the hcltcoptcr and ihiv i* v*Hcrc Ihe imt* ¿hould nave been placed, 
[b] 1 1 . . .\ r v and v. -furapniarc ¿ketched ín Figure 3*52. 



EvaIAiaTE: IT ¡the bad dropoed Irom rcsl al a hcíghl of 30.0 m it would nave taken her J ■ 



:(-MJ.0m) 



- :.4? í . 



í.80 m.i J 

a in thc air longer than ihU becausc ihc ha* an iniiial vertical comnoneni of vchiciiy inat ú urmard^ 

' v v. 




Hxiire3*52 

3*53* lotLvim: Tbc cannitter movet in profcctilc motion. hi iniiial wloeily U horí/onlal. Apply consiant aecclcration 
cquation* Ibr ihe .r and vconwoncnu of molion. 



Molina in T»oor íhrec DimciiMonk £<£! 




Take thc origin of 
coordínales al ihe point 
ivhcrc ibc canute? ¡* 
rcIcuAcd. Take + r lo be 
upwanJ. The tnitul 
\ vclociiy of thc can¡*ler u 

* thc vclociiyofthc plañe, 

— 64.0 m* ¡n roe 

tv^JUeclion. 

Fiíutc 3.53 
U*c thc vertical motion to llnd Ibc lime of fall: 

f«?, %«Ü, ^**9 r 80mV 4 v - >V * -90-0 m {Whcn ibccanUtcr rcacbc* thc ground ii i*9Q 0m bclou thc 
originé 



EXEClU i Sin.: v II 



^ -«MIO mi 

J.KOms-' 



Su l p: Tbcn wi' thc horizontal componen! <h the motion lo calcúlate how lar the cani&tcr faJU m thi? 
EXEttrri> x-.Y t -ij* i^r = (64.0rn*H4-2Hó*)^l)- 2?4 m 

EVALUATE: The time ii Uta the cannrtlcr lo fall 900 m. Klarting from retL ¡* roe broe it iravck horizontal ly at 
consiant qiced. 

.1.54. lot-Min: Thc cuuipmcni movei in projeelile motion Thcdixlancc D » the horizontal ranee of ibc cquipment 
plui the d&iancc the ihip move* uhile the equiprnent a in thc ait. 

Sur L t p: Por the moción of Ihe equipraenl take ¥x tobe lo the righi and i*v tobe upwirdi. Thcn *j *>, 

a t - -9.H0 mí' , v í4 - v^cch^ - 7,50 m* and v,. - r,*inj7, -I3tl m* * Wheo ibc cquipmcni lanib in the fronl 

of the diip, y - y # * -8.75 m . 

t\»;c tu: Use Ihe vertical molion of the cquipment lo find ib lime in Ibc ain y—y 9 = v tr ttja t rg\vc% 
r -_L_|l3Xli J(-lJ,0K í-4(4WKS.75>J i . Tbe poüuve rool i* f -3,21 Thc horuxmtal ranee of Ihe 

cquipment U í-x» - v f# f + 7^1* -<7.5ÜnV* ■ ' 21 n = 24.1 m É ta 3,21 ■ tbe ¿up movet a boruunul diriance 
i»H5(i mi* V;i 1) - 1 U m. mi 0-24 I m»M4m-25.Sm. 



EVALUATE: Thccquaiton R- 



frtHn Eumplc _VS can*i be u*cd becauve the siartine and endine poittH 



of Ihe nrojcctik molion are al dillctcnt hcighis 
3.55. IdevüfY: Prívenle motion problcm. 




Pitpit 3.55 



Take thc origin of 
coordínate* at ibc point 
where Ibc hall ksvea ibc 
bai.andtakc +? 10 be 



v tí( «v tí «n^. 

but we don't ■ . 



Vt ntc down Ihe cqiution lor Ihe hori/i>n(aJ ditplaeemmt wben ibc hall hit* the gtound and Ihe corres 
n|uation for ibc vertical dispfciccmcnt. The time r i* ihe sime for both componente %o ibii will ulvc ux two 
c-quatíoni in cno unknottni í \\ and f; 



3-tt Chupttr J 



(i) SETUP: 

I- \m i m : -fl.9 m - (v; ( un45*>/ * ji-9.80 inV )( : 
LTP: y compon L ttt : 



Pul thccxnrc&ion Ibt r from me a-component motton into ihc i- componen! cquation and solve foc v 4 . (Note thal 
«n45* = co*45°. ) 

-0,9 m = ,r-ín45nf_!ÜÜL| - ,4.90 m*V 



:iw 45 v VtCOx45 s 

4.90n>%*| lgCm 1 -lRSmtO.9m-1SS.9m 
Vv u «k4S 9 J 

fri»45» V 4^inV v J 18* m i 17.90 mV _ 1 , Pm ,, 
ISK m f 1RR.9 m ú lco»45 í )v 18S.9ro 



<b) U« (he horizontal moium lo fmd thc time it takc* thc hall Iti rcach thc Icnce: 
Skf Up: t-^omponcni : 
v-i,-l|ftm. tf t -0. i ( .=v.ct»45 : -(42Hm*)coi45 D = 30.3nVx, f-? 

JLÓm , , 

Encura f ■ - > ;3 . 

Yo, 30.3 dVi 

Sr.T UP: Find thc vertical diiplaccmenl of thc hall al thü/; 
r»comnooenl : 

f-Jfc-Ji fl t =-9.80mV, v Ul -v 4 an45 a -M3m^ í = J.8Jx 
I \n i m : >•- ^ = (30.3 *K3«3 %) * $.(-9.80 mfc*XM3 *> l 

y ~y t =116.0 id- 71.9 m-i44J m. above ihc poini where thc hall wa* hit. Thc hcighi of thc hall above ihc 
graund ¡x 44.1 m + 0.90 m - 45.0 m Ifx hcigbt then ahove Ihc lopof thc fence i* 45.0 ni - 3.0 ni - 42 <i m. 
EVALUATE: With r b =42.8 en i. -30.3 m% and it tata thc ball 618 i lo rclurn lothchcight wbcrc ¡l wat 

hit and only xlightly longcr lo rcach a potnl 0.9 m bck>w ihi* height. i - (ISS m) '<r 0 cos45 D ) givex ; = 6.21 v 

wh*ch agreex with ihix estímale. Thc hall reachcx ¡ti máximum hcighi apntoximaldy MBS mi '2 - 94 m from 

homc piale. io al thc fence Ihc hall i* not far poxl ilx máximum hciirht or47.fi m«u hcight of 450 m al Ihc fence 
i% icaxoaable. 

3.56. loEvnrV: Thc water movex iti projectifc mobon. 

Sil l 'í*: Let t. - iv. - Oand lakc +j lo be poxitive. <a t = 0, >; 

EuXt'FE; Thc cqualianx of mobonrt are r = 0;. xm a)t -?gt 1 and * = <!, cox nlr . Whcn thc waicrgoc» ín ihc 
tank for thc mmtmum vclocity, y ■ 2D and x ■ 60 . Wben thc waicr goci in Ihc lank for ihc máximum tclocily* 
y = 21? and x - " i 1 : • both ea»ei. un a - cox 0 = N -T : 



To rcach thc mnémum tal 6D = ^iy . and . Solviog thc firat equatton forf gt\ci 

6OJ2 * Í6DJ?V 
f= , Subitiluiin^ ihisinto thc wcond cituatioti givesc 2ü = 6D--v . Satvinfl 

n = 3J5o. 
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To reacb tbc máximum dislance: 7D ■ ^ vj . and 2D- — ■ i - - iy t Solving ibe finí equaiion for i gira 

fa 2£líl Sufatituli ra Ibis inlo ihe second equation givcs20-7ü-ifffZ£¡^2| . Solving thu for v. gi 

, which. cxpecled* i* largcr iban (he prevtoux rcoilt. 
EVALUATE: A launch ¿peed of v ir ■ Jfi JgD ■ 145 ^¿D is required for a hori/onlal tange of 6D> The miná 

¿peed required i* grcaicr (han ihi¡t because thc water must be al a hcighi of jí leasl 2¿> when ¡i reathe* (he Iront of 
(he tank. 

3.57* IDEVTIFY: TUc cquainm for A and R Irom Jíxample XS can be u*cd. 

SCf UK A^' ;i> " °* md Jt t»^*" 2 **» , ¡f pnúertilo h launched straigbl up, « - 9ff\ 

IbK alcuhic a ( thalgivcta nuxirnuni hcighi of frwben r -2j5gS. n^ Hg *^ n ^ -4A*in ? ¿f t , nna 4 -yand 

(iJIgíÍMnóO.O* 
<c) jf ^ v v * 7 ^ 6.93A . 

EVALUATE: — ■ ■ *o - J * V For a gtven n^, ¡ncrcascA ivhcn h mercare*. For -90 a , 
g sin' tt* «n a, 

J(»0 andfor a^O*. JUOand R * 0 . Fue a a = 45* , JI*4*. 

3.58. iDf-vnn: To elcar (he bar Ihe ball musí have a hcight of 10,0 ft when il basa horironial ditplaccmenl of 36.0 fl. 

The bal! roo ve* a* a projcciilc. When i;, u very largc. (he bal! reachc* Ihe uoal ¡xuti in a very *hon time and thc 

accekration due to gravity cause» negligiblc downward doplaccmenl. 

Srr L t p: 36.0 ft - 10.97 m; 10.0 11-3*048 m. Leí +1 be tothenubt and *\ beupwanLso a, »0 t u ( --jj , 
v., » v„ cwa, and sv.nna. 

H \i ;< 1 1 1 : ta) The hall caimot be aimed lower (han direetty at ine bar. un r/ v - lt>pM and a t ~ 1 5£* . 

36.0 A 



cosíí. V^U-^Kan^-O -v,)! m«45,0 & V2|l0.97 m-3.04K m] 

ví %\o 2tt A 

Evaij aFe: Wnhthe i-, in pan <b) ihe harucmial nop ofthe ball is R- 152 m-49,9 ft . The ball 

f 



te hitr.hcit pomi in il% m^ecion' when so when it reaches (he g<\il potii ii i*<in iU wjv 

down. 

3.59. Iolmih : Apply Hq.<3.27) and volve for k 
Srr Up: The change in beighi i» = 

Ev*;c t fl: (a) Wc get a quadrade equation in r, (he soiution to which u 
If A -0 . (he suuare root reducen to v. "n a, . and x-R * 



3-24 (hapirrJ 



Ib) l !■ . v| - Ibr t become* x ~ (10,2 m)co%a <t t\sM > & t *■ <j 5 - í* 0 K] Tbegrapii oí v ai j runction of 

. ¡* «ketched 10 Figure 3,59, The anglc «, ■ 90° corre ¿pon ds lo the projectik being launched strjighi up. and 
ihere i* no horizontal iiwihhv If n, - 0. (he projcchlc rnovci hon/onully unttl ¡t lu* fallen the di&tance A*, 
(d) The grapti *hov>"* thai (he nuxirnurti horizontal diMancc ii lor an anille le¡u than 45" . 

KVAUUltl For ^,-45* the * and y componer*» of ihe imtial vetocity Me cqirtl. F« ^ <45 i the<comp(ioeni 
afine initial velocitv i* lem than (he r componente Hcmhi come* from the iniiial po*iiion and le: 




IO»lí>4OWft07(IIO» 

Figure 3.59 

3.60. lofAim: The «kw hall move* in projectilc motion. In patt (a) roe vertical 

In (Mrt le», find Ibc hcight of roe tnowhall above the ground afta ¡t ha» iravcled horizontal ly 4.0 nv 

m i L T P: Let <r be down*ard. a t - «. j ■ *9.80 m.'* 1 * v tt « v.cosfl, -5 J6 m<* v tt * v.xmg, ¿ 4.50 nVs . 

rt.: (u) Uw the vertical motion to fínd Ihe lime in me aír r- r 0 - v, r f + ja/ 1 with y- y, -14.0 m give* 
14.0 rn = (4.50 nV*)r + (4.9 mV )r 1 . The quadratic formula give* f - _¿__(-4,50 1 > f<4.50) í -4(4.9X-Í4.0)) * . 

Thepo&itive root is ; s . Then = v lh í +y^r -(5.36m*Ml .29 »}-6.9l ni. 

<h)The*w.w, v -/and r. -r uraph* are ¿ketched in Figure 3.60. 



- 0.746 * . In ihi* lime the tnowball irjvd* oWnu jtu ¿i 



düiawe y -y, ->*»f + T tf *' ■ roand i* inetelbre 14.0 m -6.08 m ■ 7.9 m above (he ground- The tnnvtball 
pairee wcll above ihe man and doc*n'l hit hiro. 

EvaUaTE: 1f the ¿nowball had been refeased ttom real at a hcight of 14.0 m it woutd nave reached me ground 

lHc ground in a thorter time than thi*. hecau>c of ib initial 



2lMOl "Nl. M ,.Thc, 
,9X0 m-V 

ttmvmvjrd cumponeni of vcJocity. 



itotthílt 



3.6L (a) Imimiky and Sti Vr: l.'tc 




R-iy ,<x>%a tt 
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Cali (he range ff, when Ihc anglc ii a* and A : **hcn (he angk ¡s W-e* 



The problcm adti u« (i> ihow ilut R t - k. 

ExtCirTE: Wc can u*c thc trtg ¡denlilic* m Appendix D tosbow 
cod^O* - cO - co*^ - W) - wn a* 

~aA - «nía, -90*) - -f-oa*a,| - * co*«. 



■ f 2v_.C0S.ir. \ 



Thu gira o - 15* or 75*. 

EVAUAFE: f r(|f tfatfljf ^» thc n-Millin panul rvq:»rcMhal hh : (2c,)-m: h i h ■ n , 

<Try somc valué* of ^ and *eeí} 
3.62. iDEVflFY: Marv Bcllc movci in projcchlc motioti 
Skf UP: Let +jp be upward. a t - O , «r p - -g . 

E\i( ifí-í (a) Eq43.27j with v-H.2m ( r -61 ni and <*„ -¿ 53* give* v 0 = l3S mi. 

<n) Wheo sbe rc*crurd Joe BoK *** jp ^tiam* v «v^ «8.31 miand v ->;+tfí«+lJ4 

v-X4 m *. al anaíipU- of 1 : 

(tt Thegraph of i* J honnmtal linc. Thc oihcx cranhi are sketched in Figure ííO 

(dll.-te l a (3 27}. uruíhbctomei * ~ii.mu~iQ.07U 15 m V Selóiu i --VMti gira r-23.8 maithc 



15 




j 




Hzurc 3.62 



3.63. (a) IdKMIFV: ProjixtiJc trniiton 




Takc ihc origin of coordínale» al (he top 
oflb: ramp and rakc + r lo be upward. 

Thc prtihkm *pecjfic* ihat thc objeet b 
displaced 40.0 m to (he righi when u b¡ 
15.0 mbekiw (he origin. 



F*|¡*rc 3.63 

Wc dWt know t r ihc lime in ihe air. and we uWt know v,. Wrifc tkm a the cquaiiotu Ibr ihc horizontal and 

vcritcal diiplaccmcnti. Combine ibcic two equation* lo elimínate coe unkiwtvn. 
SEf L T P: r -compon ¿tu : 

y-y t --15.0 ra, «a, =-9.80mV, v. r =V|rin53.0* 



y- y »v r+y»» 



U4 ChaptcrJ 



x- x, = 4aOm. 11,-0, v -( sv (I cq*53.0* 

EXKCirre: 40*0 ra ■ »; lylcosS V*< 

40*0 ra 

The ¿eeond cmiatHitt tay% vj - - 66*4? ra. 

ca*S3*0* 

Uní thü to replacc v r ; in (he firrt cquauon* 

-15.0 ai -(66*47 m>*m53 -(4 90 ra . 



1| 4.9(1 m •< ~ VZwTñv* 3 " " 



72? 



ihai wr (uve i wr can u*c the r-camponenl equation to M»hc fec v # : 

40 0 ni 40.0 m ... , 

il 1 ?*S ms 

* f 00*53X1* (3.727 *)cofS3.P 

EVAU afi : Using these vakictof i; mil mthe l ,3 );*V t T íí / equaiton ven He* that ^^■'-lilft 
<l>) iDEVtWY: i^-(17J mfr)/2>U j» s 

Thú i* les* ih;iti the speed required to makc ¡t lo rae other *¡de, so be laiwb in the river. 
Use the vertical rnotion to líttd ihe lime ¡t laket bim lo rcach the tvaier* 
StrUP: j-jfc— lOOnu «^♦.rin53*Ü 9 = 7*nm'* a t = -9,ft0mV 

r^Jfc-V+W I*** 1 -l«U7.lli-4.9Üf* 

EXECUTE: 4,9»' - 7.1 U - 100 = 0 and i - ^(7.1 1 i *^(7. 1 l( J - 4<4.90K- 100) J 

f -0.726 H4.57* h> í-5*30** 

The horuxmtal disiawe he travcU in ihb lime ¡* 

x-*^ * LW » iv p cm5$SFH ~ (5*36 mU(S J0a) - 28*4 ro- 
lle Und* in Ihe river a horizontal distance of 2S.4 m Irom hit lauixh poinl* 
EvaLIiaFE: lie ha* half ihe mínimum *pccd and makc* ¡t only aboui halfívay acrcu*. 
3.64, lotvn*^ ; The rock move* in projectile raolion* 

SET Vfz Let t r beupwArd* a t - 0, tf p , EqM3*22) and (3*23) give v.and v t . 
I \n i 1 1 : Combining equation* 325* 3.22 and 3*23 gi>e* 

»i¿ -2gO|*io<V ~— ■ : ) ■ 'o ~2gy a i*foere Eq43>2l Iba* bcen used lo elimínate i in favor of y* For raecaic 
of a rock thrown Irom Ibe roof of a binlding of hctght -V me speed at ihe ejound i* found by *ub*hluiing y - -A 
mto the above expreuion. yieldíng v ■ t 2y m h , whivh i* independen! of ir.. * 

EVALUOTE: Thb remlt* a* wil) be ¡teen m the cbanier de^ling with con&enarion of encrgy tChapici 7K t% valid 
Ibranyy, po^it»c. ncíjuvc or /ero* a* long u v¿ - 2gy> 0* 
3*65. lDEMir\ andSt:r L'p: Take *y to K* upward* The nxkei raove% »iih pn»icculi* motioit, tvitlt Vj. - #400 m * 
and Vi. - 30.0 mi relalm: totheground* The vertical raolitra of the coekel h unaHixicid by iix horí/onla.1 ^elociiy 

I \n t n : i.i) ■* MI nii\imumhc(ghll i; - *40(é iu t, tf - -9.H0 m*\ y ~ >„ = ^ 

»»¿ +2fl r (y-y;> give» y-y^8l*6m 

(b) [kiih ihe can and the rockel nave ihe mme eontUni hoh/ontal velocíty. so both travel me sime horúontal 
düiat*^: v/hile the rocket t% ín Ihe airand the rocket bnd& in me can. 

(c) Use the vcMkjd niotion of Ihe rockel to ñnd me lime it bt in the aír. 

Xmmmht ü r --9*S0ii*V ( v^-40nVi, /■? 
Then i :,i is .■ i ■ : * ^ ra. 
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(d) Re Ulive to thc ground ihc rocLct has initial velacity 
travcting al 5.V 1 : abovc ihe hori/onial- 

W(0 



=30.0 ms and v h . ■ 40.0 m* t so ¡I i* 



Rdairvc to thc carL ihe 



Figure 3.65ii 

iravcl* tfraiahl up and thcn straicht down 




3-n6. 



Relame to thc g round thc rockct ira ve U. in a pjraK»|j 

EVamafh: Both thc cart and rockci tuve thc ¿ame comían* hor¡¿onlal vcfocvty. Tne rockct lands 
Idevtify: Thc baJI move* ¡n ptujcchlc motion 

Skf L t p: Tbc woman and bu II travcl for thc %amc time and musí travcl ihc «ame hon«*nu 
ball i,. -6 (Xi nVs. 

u ft.00 mi _~ 

EXECUTfi (u) i^-iynstV co*0^ — ■ and 0 t =72S°. 

20.0 nv* 

(b) Re Ulive ta thc ground thc ball roo ve* in a parábola. Thc ball and ihc runner have rbc «ame 
componen! of vclocity, *o rebine to thc runner ihc ball ha* only vertical ihoihhv TUc Irajcctories ¿ 
nbserver are skelched in Figure 3.66. 

EVALUATE: Thc ball couid be ihrown wiih a diJTcrent «peed. %o long a* ihc anglc at whicb it wa* 
idiutted to teco iv ■ 6.00 nVs * 



n Lhc can 
so for the 



Lwcnbycach 

IhfotoTi uas 




IDEVTIFY: The boulder ni ove* in projcctilc motion. 

Stf L T P: Take » é* dbwnward. v t . = *■„. v =0. <r - 0. 4 ■ *9 



1-Anirt: (u> U« thc vcrtkral motion to fínd Ihe lime for thc boulder lo rcach Ihe Icvcl of the lake; 
f"A B V + ' fl / w ' ,h > f - a +20 d giveí i ■ I— — — = ¡21——- - 2.02 % . Thc rock musí travcl 

homontalty 100 m durirw thn time, x— Xü-VoJ+tüJ 1 giv« %\, - v ft - - - 49.5 n: 

i 2.02 1 

Ib) In goinu Irom ihccdgc of thc cliiT to thc plam. the boulder iravcU doivn^anJ a ditfancc of y— iv -45 m 



z<45 m) 



r -3.03 * and *-l - v-J -149 5 miM3 03 i) - 150 m Tbc rock land^ 



150 m-100 m- 5(1 m beyond Ihe fcol of Ihe darn. 

t\ Alt "ATt: Thc buuklcr paucs over ihe dam 2.02 i after it ka ve* the clifTand thcn iravcfoan additional 1.01 s 
before landing on ihe plain. If thc boulder hai an initial «peed thai i* les* than 49 nv*, Ibcn ii landi in thc lakc. 
IDCVTIFY: Thc bagcU rouve in nrojechlc moción. Tind Hcnricita'i localion »hcn thc baircb rcach thc grmnd, 
ind rcquirc ihe bauck to have thu hun/tmtal ranite. 



WJ Ch*ptcr3 



Si:r te: Lct *r be d owmvird and leí = > o -0, tf 4 -O t j -+g . Whcn thc bagetf reueh (be ground* 
>-43.9m, 

Ew:(tru (u) Whcn shc calenes thc bagcU* llcnrictia has bccnjogging for 9 00 s plus ihc time bx the bageh to 
Ull 43.9 oí froen rest Gcl ibe lime to rail; v ■ — # ; , 43.9 ra ■ — |9 JtO nvV k 1 and r ■ 2.99 i . So* sb< ha - bceo 
joggingfor 9.00 * + 2.99 12.0 ». During ihis imtcshc hai gone * - ri -(3.05 m - 1 i i Bruce 

muil Ihrow ihc bagetf sothcy lraTClM>6mrOT¡2c«iljJly in2.99i. Thisgivcs *- vr . 36.6 m -v<2.99 %) and 

(b) 36.6 m fram (he building. 

EVaUaTE: ]f r>12-2 ra s Ibe ha ge Is land ín fronl of he* And if v<\22 rnsihcy land behind hcr. Tbere i* a 
range of vclocitic* greater iban 12.2 ms for which shc uoukl carch thc hagcl* ín ihc air, al Mime hci^hl ahove ihc 
sidewalk. 

3.69. lof-vnFY: The shcll moves in projcctilc raolion. To ftnd ihc horizontal dislancc betwccn thc tanks wc murt fmd 
thc horizontal velocit y of ono lank rclative lo thc oihcr Takc + v lo be upward. 

(*)Si.t te: Thc vertical mot*onof thc shcll i* unaffccicd by ihc hori/oniul rnoiionofihc lank. Use thc vertical 
moikin of thc shcll to fmd ihe lime thc shell is ¡n Ibe *¡r 

v « "V|riur«4U«h -í - 9.80 :r . v-.v # -0 Ireturm lo initial heigho* r«? 

I \n i n : jr-A^ib/t^ay 1 grve* / - 8.R6 % 

Sf.f Up: Considcr ihe motion of onc lank rclative lo ibc other. 

ExutlíTE: Rclative lo lank MI thc shcll has a constant horizontal veiocity ideosa ■ 246.2 m'i. RcUtivc io Ibe 
ground Ibe horizontal veiocity coraponcni ¡* 246.2 m 1 * »l 5.0 m * - 261.2 m i+ s. Rclative lo lank ti2 thc shcll has 
horizontal vclocily componen I 261.2 ms - 35.0 mi -226.2 m h x. ThedüiatKe beiwcen thc tanks when thc *hdl 
nai lired w the (226J m l iHS.It6 v>-2000 m Üut ihcihcU m\nh relalive totank 02 duriog thc 8.86 % fttf thc 
ühdl in ib: júr. 

<b) The tanki are ínilúlly 2000 m apart. In R.S6%Unk VI traveh 133 mand lank *2 travcU 310 nx ¡n ibeiamc 
direction. Thcrcforc^ their wparation mercase* by 310 m- 133 m - 177 m. So* thc tepatatíon beeome* 2180 m 
(roumlmg to 3 xi^mlWant Ugurc^K 

E\ Al t aff.: Thc rcireating tank has gtcaicr «peed iban ihc approachn^ unk 4 u> ibey h move fanber apari ulule th 
*hcll \* in ihe aií. We can abo calculare the vcparalion in part ib) as rhc rclative «peed of Ibc lank* trinca Ibe 
thc*hdl i* in iheair. (35.0 m*- 1 5J) m i»S.S6 *) - 177 m 
3-Ti. IDECTIFY: Thc object move» wiib conitanl aeccíeratron in both thc horizontal and venial direcbom. 
Si:f Up: Lct * r be doun'Aurd and let +.v be ibe direction in which the ñrecraekcr i* rhrown 

KmXite; Thc firccrackcr^ &lling time can be found from thc vertical motion; r 

Thc nrccraeker'i boruontAl po&ilion al any lime t (raking thc «ludcnt'i po&ition as .r - 0 ) ü x-\r~ i^oi' . 
v - 0 \shcn cnicker hiti thc ^rouniL so i - 2t h 'd . Combmmg ibis uith Ihc exprcuion Ibr thc falting time gívci 

* Vi 

ll\ Al t Mi.: Whcn A ii smaMcr, ihc lime in thc air ts %mallcr and ciirxT r must be smallcr ot tt must be larger. 
3.71. lOEvnn: Tbe veiocity ^ ll4 of Ihc rank relaiivc to thc ground is relaied to Ihc velociry V KI . of thc mekel rclalivc 

to the ground and ibe veiocity t t% of thc lank rcUrivc lo thc rockci by ¥ ttt ™ **, fc + ^ L(t ' 

Skf UP: Lct *y be upuird and takc y -Oat thc ground. Lcl 4a K* m thc direction oflbc hon/onial componcrrl 
of thc Unk*s moiKm. Once ibe lank u rcleased il hn* a t - -9.S0 m 1 * 1 , rcUtive lo Ihc ground. 

Emiffla (n)Fonheroekel v f - v (+ = 0^5roV K22 0 *) ^ 315 m saod v t - 0 The rocket In *pecd 18 5 
nt t at Ihc instanl whcn thc fuel lank is relcaicd. 

(b) (ti Thc rockefi palb b verticaL so rclative lo Ihccrew member v %%t ■ -»25,0 m'sand v ((tt - 0 . (ii) ^ Mí a 
vcnwjd and v íit i% horúonul. so v ltpj ■ 1 ; 1 nVi and Pfa-j ■ »3H 5 m* . 

(c) <i) Thc tank inirialry mo\cs hororontaUy^ al an anglc of /ero. <ir> tana 1 . - - ^ * « nt< a . 

\\ t 25.0 n* 1 » 
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(d) Constidcr (he mobon oí thc tank* m thc rcfcrcncc framc of thc tcchnician on thc ground- Al Ihc ¡roiani (he tank 
i* releaicd ihc rocket al a hcigltf jr-A ■ h^J ♦ytf.f* -75 mV>f22.0 *> ! - 4235 oí So, tbrthe tank 

¿■,-423*5 m, i„ = 3S.S rtviand a t ■ mi m>*\ v, = Oatmenuurmimhcight. ■¡■i¿ t 2j iv y„ig¡ves 
y -y, = >,r = °^^ 5 m ) J - 75 6 ™ - r -42V5m t 716« = 4^ m*Th*ttnkr«fcteaheÍghtoí499m 
above ihc launch pa¿ 

EVALUOTE: ftcbtivc lo Ibe crew member in thc rockel ihc jeltuoocd unk ha* an accclcration of 
1.75 mV +9.80 mV -11.5 nV*\ dowmvard. Re bu ve ta thc rockel thc lank follow*aparabolic patk but with 
«ro initial vertical vclocily and wiih a oWrmard accclcraiKin ihat hat magniiudc grcaicr than g< 
3.72- iDEvnrv: Thc vdncity p^a <hc rockel relativc lo thc ground t% rclaicd lo ihc tetocity v Ui of tbe mondary 

rocket rclaiivc to thc gnxmd and Ibc wtactty r kt of Ibe sccondvv rockel relativc lo thc rockel by 

*iu ***** 1 

Si:r L t p: Lct + r be upward and ki i - 0 at thc ground Lct -t-x be m ihc direction of ibc horboniaJ componen! 
of thc sccondary rockcl'i mohon. Aftcr it i* Uuncbed thc secondiry rockel tu* a t ■ 0 and */ - -*> M) m 1 *" , rebin e 
lo Ibe ground. 

I \n i n : (*)<S) l^- 02.0 rrv*Oco*53.0° = 7.22 m* and ^^(12.0 m*)*Ío53 0*^9.58 . 
W v M# ^0and ^ -S.SOmfr. ^ * iv*, + *W. * 7 22 m i and »-W + *m„ - 
9.5B m * * 8.50 mi - I8.I m i * 

<et Rclauve tothe ground trie sccondary rocket ha* i, -145 m, = *IS.I mi , ir f ^-9.X0uV and v. -Olal 

thenmimumr^^^ 

>- = 145 m * 16.7 m- 162 rn. 

fcVALl'Af E: The xecondarv rockel reachet ik nuvimum hciahl ¡n tame r = ' tf/ = ¡ = 1.85 ¿altar it 

ét ( -9.80 n*V 

1% launchcd. At thi* lime ibe primar}' rocket ba¿ hcighi 145 m + ift.5() m*KI.R5 si - 161 m .sois at nearly ibe same 

hcight a* thc *cc*mdary rocket. Tbe «ccondary rocket Jirel move* upward Irom rbe prirrory rockel but ihen knc^ 
vertical vclocily duc lo Ihe acccleralion of gravily. 
3*73* lofA'n>\: Thc original firccrackcr c* a% a projectitc. At iti máximum heighi ü** vclocity i* horttontal. Tbe 
vclocily p Mt of rngmeiti A reía ti ve lo Ihe ground u reiaied lo ihc vckicity ^^of ihc original firccrackcr relative lo 
tbe ground and ihe vclocity r AI of Ibe fragment relative lo ihe original ñrecracker by \\ Kt * v A1 * v %At * Fragmcnt 
B obey» a similar equition. 

Sur L'P: Lct be along thc direction of ihe hori/onial rnoúm of tbe firecrackcr befo re it explodeiand leí +y 
be upward fragmcnt .1 movc« al 53.0" above Ihe ¥x dircciionandfragmeni0move9»ai 51<r bclow thc -t 
direction. Before il explodei thc firecricker ha* a t ■ Oand d L - -9.80 mi 

l*vi:c t n; Thc horizonul componeni of thc íirecmcker*» vclocily relative lo Ihc ground ú consdant Uince 
-(25.0m*ico*30.0*-21.65m* Atmctiriwofthce^pteion, v M „ =0.F«fragmenM. 

v Af ,-(200mi*lco*53tl s -12.0m»aDd v Att -(20.0 miirai53.lV 4 - 16.0 rn r i* 

Vmu-v^+v^,, =12.0 m* + 21.65n»í^ 33.7 m^. v w -=v 4W +%^-!Mpjft, 

mm./ _ jnd 25.4** Thc calculalion for fragmetii B U thc *amc. excent t\ t =-160 mi. 

The fragmente moveat 25 .4 J abo ve and 254 L bclowlbchor¡7onLÜ. 

EvaLUaTE: Ax thc initidl vclocily of thc firccrackcr increaici thc angle with ihe horiAmial for thc fragmenta ai 
mcaj»urcd Irom ihc etound^ dccreasei. 
3*74* lots n»\: Thc grenade rnovci tn pro^cctile motion. 110 km b = 30.6 mvi . Thc horixonral mnge tt of thc grenade 
be 1 5-S m plus ihc dotance */ ihat thc cncmy \ car iravcU whilc thc erenade i* in Ihe air. 
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Up; Por thc grcnadc takc +j> upwaíd. so */ H - 0, *j . - -y m . Leí \ it be thc magnitudcof thc vcloviiy oí ihe 
grenaoc retal tve lo thc hero> = v^cosdS*, i* tp - i + 0 ibi45 6 . 90 kran - 25 m's ; Tl»c enemy's cor ii travcling 
■ (rom ibc hero's car wiib a rcUtive velocity oí i;^ ■ 30.6 rn's - 25 rn's - 5.6 mi . 

as s g 

v í " - ' 1 5 S m fc - 0 - K¡ - 7 92v * - 1 54 .K * 0 . The quaduiK formub give» Y 4 -17.0 —61-2 km h t The 

grenaóe ha» velocity of nugnilude 61 ,2 km h retative lo thc hen>. RcUtivc io ihc hero ibc vcloeity of thc grenade 
hai cotnpooenrs - i; co*45* -43 3 knVh and i; - r ( iinJ5 i - 43.3 krnb . Relativa lo ihe earth thc velocity of 

ihe grenade ha» compórtente r fc -43.3 km b * 90 krn h - 133 3 km h and v tt -43 3 km h . Thc nugniiudc of ibc 
vclocílv rcldtivc lo ihe caith L* \\ ■ JvJ, ti¿ '140 km h ■ 



EyaLUaTE: The time me fircnadc U tn thc air ■ I ■ ' " n ^ - ro*)sm4» _ ^ j<j Dujina ih¡* lime 

ihegrenade iraveb ■ horizontal d«iance * -* f -(133.3 fcm'fa)(M5 *HI h '3600 *)-90 7 m. áAl tothe canh, 

and ihcencm\ '* car traveh a honmnul disiancc -(1 10 knVhK2.45 snT b '3600 »l - 74.9 m , relalivc lotht 

earth- Thcgrcnadc ha» iravclcd I5S m farihcr. 
3.75. loí-vim andSr.FL'P: Use Eos. (3.4} and{3.l2Ho gct thc velocily and accclcraiion componente tromihc 



since lio 1 ax t cm' ovaL 

(b) v - — - -K<vsin <ur> i* - — - «¿^eoifiít 
Jr ir 

r r - \ i t iv - I /fr^irw,* HJÍvow f i 1 1 /fruto w.r H/íitn*.íf » 

r r - H >■-■! - Mn^í^ostif * mr íu'o>%f*> - 0, «o v it perpcodictilar lo r 

tf # ■ — ■ -/f<W f XUI frM = -A»V 

ir 

Sincc tu 1 (* posiiivc ibis hvjíii ihat ihe direclion of a \x oppoxiie lo Ihe direciion of r. 

U^. ■ . »»p//í* so fl« *(v J //í J )»i* , /Jc. 

EVALUATE: Thc rock moves in unifbrm circular motion* The posítion vector w radiad Ihe velocily íx 
arkl thc accckntion n rjdially ín^ard 
3.76. IDCNHFV: All velocilic» are con*iant. so thc dUiatve Iravetedü d~y M í , where is Ihe maemlude of Ihe 
vflivhy oíthr boat rcUtn^ (oihccaiih. Therebtivc vclociticw , P h% iboat rcUtUv lo Ihe wuter) 
irid * w B iwjici relative lo ibe e*rth> are relaied by 9^ - t* iHíi + t* ft % . 

Srf LTP: Let *x be casi and leí *r beoorth. v^ ít - *30.0 mminjind v MV( - 0. v fcW - 100.0 mmio . The 

direction of is thedirection rn which Ihe boal is pointed or aimed. 

I\m ii: (■> v fcl(< K-tlOOOmminand v fc ^ »0. -v^^^ *v^^ * 30.0 m nun and 

+v _ iCKi.Om min. Thc time to cross Ibe riw is / - - — — ^2£jü — -4.00mín. 
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(30J> m mió H 4 00 min) ■ 120.0 m. You mil laod 120.0 m casi of pomi B, woichis45Dmca*i «f 
point í The distance you mi! llave iniveted ts Jl40DOmr +<120J>mi J ^4lHra + 

{b\ >.!:.■:.!.' Klglc ¿CJM of Oorlh, Wbcrc mi.; ^ ' n ' .3 :> J O J : ■■ 

v ftW4 -|]O0Om.inin)iUil0.6 4 -IS^ ramíoand v fah . -(100.0 romio)t:otI0.6 4J -98J ramio 

B v MV . 4 + ~ ^ ^ ovrain < 30 + 0 ramio - 4&4 ra mio * v w , ■ +*Vii m'nun . 

(■?IAm *».0 .« ■4.417 miD . *-^M4$.4mmmK**07nttn)-l97m> Youwillland 197 m dowmtrcam 
from 6\ io 122 m damutream Prora C. 

[c)(li If you fca:h pctini í raen r hI » directed al 10,6°eait ofnorth* which i* 79.4"noribof cnstl* Wc ckm*l know 
llic magmtude of and ihcdircction of t* uv . En parí (al wc found ibai if »e aim rae boal duc notth wmll lamí 
raMofC. mi»o land al Cwc mrei aira loe boal wcil «i t^cth Leí beaiananglc ¿ofnonhofmrtí.Thc 

relalivc velocily addition diagrani n ¿kclcocd in Figure 3.76, The lawof *ioes *av* * w ^ - ** n 



anfl-l 3CM>nVmi ° Lin79,4 a and 0- 17.15° ♦ Then ¿-IWF-TM^-mS* -83,5*. The boat mil head 
1 lOOfl ramio | 

113.5° nonh ofwcm w h ' .^Mofnorth. 

>i - . + l V^ - Hl00 t 0 m rn*i>cosf{3 5%MÜ m nun - ÍK 7 m rain . 

*W» = + » -(I00Ü ro/rajo)*ra835°-99.4 ramio . Note ihai the*c rw coinponenU da pvc (he 
direction of r ul lobe 79.4 a north ofca*t. a» required* (ii) Tbe lirae lo ero** the rivera 

f ■ = 400 0111 - 4.02 mió . (üi) You travel from A to C a ebrtance of J< 400.0 m) 1 * (75*0 ral 1 ■ 407 

994 nVmio * 

íiv( v fci —J(v a% , t Y *( v m, )* - 101 m mio . Note toai v fc( f -406 m » the distance travcled lapart from a xraiJl 



duc to rauodtng). 

EVAUíaTE: You cnu* the mtr io loe ¿hottol lime xvhcn you head ttovini norai Jf* a* io part ! a * T eveo toough 
vou iravcl rarther than ¡o pan (c)* 




Ugure 3.76 

3,77, iDEvtitY: v fl ■ di dt , v 4 ■ A-. 1 A , ^ * ídt and tf ( » rfr, /dr . 

di di 
EXECinjE: (u> The palh b «kelcbed in Figure 3.77. 

<b) To lind loe veloeiiy componente, lake loe derivativo of .y and> mlb re*pect lo time: v 4 - R<a(\ - cosan), 
v. - Ifrjutifot- To tlod the accclenitioo compttnenlx* takc Ihc derivative of \\ and v. mlbrcipccttotimc: 
tt t a ffa>~ nn&x. and « p ■ Aai' cuso*. 

<c>Thepan»cle uat rcit {r, -v t -0} e\ery períod. namcly al f -0, 2r/ox 4jt/oj é .«. Al that lime, 
v - «. 2xtt, 4vft ... and v - 0 Tbe acceleralioo ta a - Jíaf iolbe «r-directíon. 
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|d)No.*mce a -j(AWxinar |* -t{AYt'coift*| j -ft&\ Thc m aj : ■ tui . f<hc accclcration a thc «me i* for 



iiiuioiiii circular mistión. 
EyaUiaTE: Thc veloctly i* 




► «ure 3.77 

Ideatify: At ihc hujhctt point in thc trajcclory (he vclocity of Ibc orejéenle rclalivc to ihc carth u honaintal 
Thc vclocily 0 M of Ibe projeelile rclalivc tothe carth. (he vclocity v tf ofa fragment rclativc lo ibc projeelile.. and 

ihc vclocity V it ofa fragment rclativc lo Ihc earih are rclalcd by ^ " * *Vi - 

Skf L t p: Lct 4a be along (he horizontal component of (he projeelile motion. Leí (he *pccd of cach fragment 
rclalivc to thc projcciilc be v. Cali Ibc fragmenta 1 and 2. where Iragmcni 1 travcl* m Ihc tx direclion and 
Iragmcnl 2 ñ in thc -.Y-dircelion , and lct thc speed* juit ailcr thc cxptoition of (he ittxi fragmenta rclalivc to thc 
carth be t\ and r. . Lct \* t be Ib: «peed ofinc projeelile jusi befare thc cxplcuion.- 

EMCiTTE: * v t p> t * v t%rt gira; v t - v f * i* and -v\ * ^ - v . Boih fragmenta *iari &om ihc ame bcighi with 

«ro vertical componen! of vclocity rclalivc lo thc carth. so thcy boib fall ftv (he *amc lime t* and th« b abo Ibc 
¿ame limera ti took for ibc projcclilc to(ravct a horizontal diitancc D> *o r^r - D . Sincc fragrnent 2 landsat A it 
traveba borvtttiuldi*iancc/)a* it falband vj = D. -v, =4i; - vgivet v»v, + Vj and if sv^iy -2D. Thcn 
vy - >y + \t - Í/J . This fragment land& a horizontal diitancc from (he point of explosión and henee 4D from .4. 

EyaI-I'afe: Fragrnent U Ihal isejected ín Ihc dircclum ofthe motíon of Ibc projeelile traveb whh g reatar «peed 
rclalivc to thc carth than ihc fragment ihat travelx in Ibe oppoiitc dircciton. 

Skf Up: Tbeperiod rinscconds is rclatcd tow* thc numberof revolutionx per minute, by n - ^ 
1-ah ui: (a) ^i±.^Í^-.whÍcbbcomiant 5SL-f=it.Lcl , = Jf , so ^ =5.00*; and lct ■JE/2. 

(b) r-i ^' ^ jand ^^il^-give* ^ = 4* J JI^ . ^* ■ ,whkh 

í-l = ^i.Leltí ^S%.»*^indtí, ,s5f y -MftJTOf Tben 



3>T9. iDtA'nrY: j_ - — - — — . All pomi^ on thc ccntrífuL'c hax c thc jjme period T< 



\ ui ui : Thc radial accckmion u \&* for potnl* ckncr to Ihc mution üm*. Smcc X Vwtir < S » ** 

rolation rale i* required to produce 5jf tfc ^^ Iban to produce $g . 

i-BO- (DEVTIFY: Use Ibe rclation thal reíale* ibe rclalivc vcloctóe** 

SKF Lp: Thc rclalivc vclocilicsirc (he raindrop rclalivc (o(heearth 4 r r i , ibe raíndrop ttlutiw lo Ibe train. * v * 

and thc tramrclative lo ibe carth. i» M , í w * . u due caM and hra rnagnitude lltoA. # M » 

30.0 a weslof vertical, b wicaL Thc rebmv vclocity addilion didgram i* given ¡n Figure 3-80- 

Ex*;t i fk: (u) V Ah t% vertical and hai /ero hori/onlal componen!. Thc hort/ontal comftonent of rf tI as "^u « so 

i* ^.OmSvkcttK ard. 

W Vtl » «£fÜ, 2aH nVs . ^ , iH^- 2« ^ 
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tVAU AFt: The *pccd of Ihc raindroji 
¿t: tht mixioti of the irain. 




¡te *pccd rclaiive ta (he cjrth. hccau&c 



loáry 



Figure Mfl 

3.HI. lotA luí: Relativo vcloeity problcnv Hic plañe *& nwHm relativc lo ihc earth it dctcrmincd by ¡t* 
re Ulive to the carth* 

Si:t Up: Selecia coordiraie *ytfcm Vfhcrc +r isnorthand +x iteait* 
The velocily vector* in the probiem uc: 
i, , , the velocily of ib? pLutc rcUtíve lo ibc carth 

r, A . the velocily of ihc pfcuie relativc* lo rbe a¡r <the maputudc v f , t% (he air speed of the plan: and 
of v f A b the compai* coursc sel by the p¡lol> 

f A | , the velocily ot" the ait tvbtivc lo Ihc eatih libe wínd vclocity}, 

The rule Ibr combirang rclalívc veliviiic* give* r r . L 

{a) We are given the IbUowing infixmaiion aboul ihc relalive velociliei: 

i', a ha* magnituck 220 kitvh and ¡ta dircciion t% x^est leí our coordínales b has componen!» o - , x 1 d - -220 knvlt 

From the dupbcc nx ni of ihe plañe rciaiivc to the catín afler 0.54)0 h, w c find iKit v M ha* componente ¡nour 
coordiiuie syiicm of 



With thu infonrution the diagram corrc-*ponding to the velocily addiiion cquaiton ¡¿ibown m Tigure 3 + Sla 




We are a%kcd toñnd v AÍ , ioioIvc for thn 

^ ■ Ka + "\i " *r* - 

Km;c t iTE; The r- componen! of ih¡*cq 
(v«). * (*■ ). -Owfc - -240 kmb - f-220 fcm-hi - «20 kmli. 
The r*coinponcni of thrt cquauon give* 
(>'.,' >, -(.„), -(v r .l «-40 MI, 
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Now thal xve ha ve (be components of i? Al wc can find ils maunihidc and direction. 

r Al » J(-20 krah)* *<-*0 kmhi* - 44 7 kmh 
20 km* 

The direction of ihewind vclocity is 63.4 a S of W,or 
266 & W ofS. 
Figure 3.81b 

Eyajxafe: The pbnc heads wcst. It goes lárther wv^i ihan it would withoul wind and abo iravet* souih* mi the 
wmd vemciiy has componente wcst and south. 

[b)Sn Ir: The rule for comboiing ibe relalive vclocilics i* Mili i* M ~^ t < *■ i* Ai » hut somc of ibc%c velocitic* 
nave difFcrvttt valúes ihan iti pan <a). 

i\ t has ma^nitudc -2í) kmh but ii* direction ¡* to be found. 

ha* magnitudc 40 kmn and il* directíon i*duesouib. 
The directíon of is wcst: iu magnitud? ¡* nol g¡vcn> 

The vcclor diagram for • i*, ^ 4 v K% and the specifted dircelions ibr Ihe vector* ¡s sbown in Figure 3.8 lo 



The vcclor addiiii*i diauram forms a right tnanglc. 

220 km n 

Tlic pikn should sel her coursc 10 5' nonbofwest. 

EvaUaTE: The velocilyof the plañe relalive lo ihe M musí have a northward componeni tocounieraci thewind 
and a wcstward comnonent in order lo travcl wcst. 
3JI2* lot-vnM: Both the boíl and the ctcvaior move vertical) y wíth constar* accclcralion. 

Si:r Up; Let + y be upward and leí y - 0 at the inilial oosmonof the floor of the elevator. so y„ Ibr the bolt is 

3.0Ü m. 

Kx*:c t rt.: (a) The position of Ibe bolt i* 3.00 m *<2.50 nVsJí -(1/2H9.R0 m'* ; V : and the povíüooof the floor 
;■■ 1 -^i ni Mr Equabng iherwo. 3O0m-(^90mVK J > Tbereíbre, f -0.782*. 

<ty The velocity of ibe bolt i* ^ >u m s - i*> KO m * ; K0.782 % \--5 \1 m* retstive lo F^rtk ihcteíbre. nWf« lo 

an obtener in ibe elevator v ■ --$17 nv» -2*50 ras - -7.67 m's. 

{c} As caleutalcd ¡n part i bi> the ¿peed relalive to Carro 5.17 m v 
<d> Relalive to Earth* ibe ihstancc the bolt travelcd ¡s 

(2.50 m*)r-<l'2)(9¿0 mVsV -(2.50 m 7K2 s|-<4 90 ras : M0 7R2 <)' = -l.W m. 

BVAlJlim As vievred by an observer in the elevalor. the bolt ba* i; - 0 and d m -4.S0 ni 1 p so m 0.782 % it 
lalls -^9 g0mV)(0JH2 s) : --3OTro 
3^83l lof.Mm : Inan canh fíame ibe elevator accekraies upivard at 4.00 m's* and Ibe boíl acceleraies dounward at 
9¿0 m*"' . Rebrillo Ibe elevator the bolt hasadowmvard accelcration of 4.00 ms : ^9 t S0 ims 1 - I3.K0 ms*" . In 
eiiner franw^ Ibat of Ibe earthor that of the elévalos the bolt ha* convtant acceleraiHm and ihe consiani acceleration 
ceniotions can be used* 

Sur l-P: Let + y be upn h ard. The boíl travels 3.00 m downuard relalive lo the ckvalor. 
EXECirrE: M In the frameof the elevator. v 0 ±0, ^-^ fl = -3.00 a t --13.8 m^*. 



j <x x "V-13.Rm*- 
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<ty R *v tt +ff f / . v 0l - Onod f-d^'s m *, - -I J K nv*' and v f - -9.09 ■ ■ I i- •:■ I ■ . ■ h . .! ■ 1 ir? m* 

uhcnit rcachc* thc lloor of thc clevjt**. (ít> j --^NOtiis an! v, ■ -6.46 m * . In thutfraine (he boíl ha» «peed 
6.46 ai s tthen il rcacbci thc floor of thc ctevator. 

<c, yy^v^t^^a/. r #1 =0and r = 0.659i.(i) a, *-!3.S rnVand 

X-jfc mV*M0.659*) : - -3.00 m .Tbc bolt falU 3.00 m, whicfc i* correctly ihc diaance betwcen ibc 

llooi .i... r . . .Tf + <i¿> tf - -9 SO m * ! and y - >; -.¿4-9RO ittVH0659 *)' - -2.13 m The boh falU 

2.13 ni. 

E VALIATE: In thc canh^ ríame thc boíl frlU 2,13 mand thc elevatorruc* 

7(4.00 rnVxO.659 i) ! - 0JE7 m during thc lime thai thc boíl travebe from thc cciling lo ihc floor of thc clevator. 
3JM. lot-MiM: Tbc veiocity of thc plañe rclative to tbc cjith rclaicd lo ihc vclociiy iy A of ihc plañe tvlitivc lo 
(be ¿ir and ihc vcktcily »\ L of thc air rclalivc tothccarth (thc wind vclocily) by v, t "Vn** 1 ^. 

5550 km 

Si 1 1>; Lct +t be n> thc can Withno wind = v„ ■ -S4D.9 knvh . v* (ri - *225 krah . Tbc 

6\60 h 

d&ianec bcrweca A and B i* 2775 km. 

I \m i n : ifcj, B *V*- + v *i, * For rbc inp lo iy Aí - *B40.9 knvh and 

v M -SJ(|9Lmh-::5kmb-l065.9kinhandthctwcltiinc» f - 2 ^ 75 to - 2.60 b . For Ihc rrip & to 

w 1065 9 km b 

¿* V*. *-S409kmband 1^-- S409kmh*225 kmb - -615 9 knvh and ihc rravcl time k 

*aí m — "' 75 t kCT , -4.51h.Thc toul time for roe round mp will be í-í^+f^^T.Hh. 
-615.9 kirvh 

Eyau ATE: Thc round mp takc& longcrwhcn ihc nmd blov»*. cven thouuh ihc plañe traveb wiih ihc w ind fot 

1065.9 Lmh -615.9 kmb 

onc leg of Ihc tríp, Tbc arílhmciic average of ihc speed* for cach leg í * ^ ■ S40.9 kmb , 

ibe same «peed v*hcn there u no wind- Bul thc plañe «pendt more time travcling al thc .tlowcr *pccd rclalivc to thc 
ground and ihe average «peed i* Icm than ibc arilhmelic xverage of ihc «pcedi ftircach halfof thc trip 
3JI5* lotMirs: Rclative vclocity problem. 

Si: r I'p: Tbc Ibree relame vcloeiüci are: 

Juan relativa to thc l 1 round* TTiU \eloeity isduc north and ha* magntludc v Ut - H.00 mi. 

*taiÉ» me b^ll rclalive to ihe ground. Thix vector ii 37.0" eaitof north and baimagnitude v kt . - 12.00 nv*. 

thc hall rclative lo Juan. Wc are aiked to ñnd ibc irugniiudc and ducciHmof th« \"ecior. 

Thc reiaine velcoiy addilion cnjuaiton i* ^«*^ + %o> *° *ui " ~*h,- 

Thc rdalivc \elu^itv addilion diavram óoc* not forni a nuhl trianglc so uc mu^l do thc vccior addilion usinit 



Takc +y tobenorlhand ¥x tobecatt. 
E\£CtTE: ■+v )1| .*m37ii 0 i7.222 nti* 

- +*n cw37Al*- v til -liMni^ 
The*c i-no ccroponenl* give v (íl -7J9m* ai 12.4° north ofeatf. 

EVALUaTE: Sin cc Juan i* runníng duc nonh + thc bal)** ca^nvarü component of vclocity rclative lo bim U thc 
same ai il» cairward component rclaiivc to thc earih Tbc north^ard componcnl of velociiy for Juan and thc ball 
are in ihc *amc ihrectiork io thc component for thc ball rclative lo Juan a thc difTcrrncc in thctr componcnl» of 
vclocily rclati\ , c lo Ihc ground. 
3J(6. tot-\ iim: (ti) The ball move* tn projectilc motion. Whcn it t% mcAing horizonrally» i* ( =0. 

Sti L t p: Lct *x be u> me righi and Id t.v beupward. a t m§ r a t *-g . 

t\wx t ti : (n> - J2gh - J2(9.K0 m % ! X4W m) - 9.80 m*. 

ib)v é /jf-=l.00s 

(c) Thc hon/ontal component of thc vclocÍt> h of tbc ball rclative lo thc man u 

Jl10.Km *i' -(9.S3 m-il 1 -4.54 m.^. ihc horironial componen! of ine vclocity reialhc to thc boop ts 
4.54 m s t 9 10 un - LÍ6 ms . and thc man mus* be 13.6 m tn front ofthe hoop. 
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Re Ulive to thc Aal car. thc ball b projcetcd at an angle & ■ 

M _ ^- = Rclahvc to the etound thc 

W?° 

1 4 54 nV^9j0m% 



EvaUiaTE: )n both trame* ofrcfeiciiec thc ball movcs in a parabolic naih wiih a t -Oand a, - -g . Thcocily 
dittcrcncc bciwccn thc áracripiion oí thc motion in (he two frames b thc torrontil ccaipuncnl of the ball'* 
vclocity. 

3JI7* iDCTnrv: Thc pdlct* mnvc in projectile molion* Thc \crticul moUon determines lbcir time in ihc alr, 
mi Ir v„ -v.ciwLO*, r Dp s^sinlO*. 

EWim - *-*, = v.rgí™* *-av M^coslW 2 **» 



(b) The prubabihty i* IODO times Ibe raltoof Ihe me a oí (he mp of (he pcrson'shcad t» the arca of thc cirelein 

f¿r(10xl0 _i mlM 
whách Üicpellds laitd. (IODO) — U 1.6* 10 . 

U > The ftlowcr riic will tend lo reduce the time in thc jh and henee reduce the radiui* Thc slowcr borrantal 
tclocily will abo reduce thc radiut* Thc k>wcr ipeed woukl tetid lo ¡ncrcase ibe lime of desceñí* henee merca*) 
the radius. As the bullctt rail, ihe rriciKin clleei h snullcr trun uhen thcy «ere rising. and thc overol I crTcci is 



EVaUaíE: Thc small anglc of deviation fromihe vertical slill cause* ihe rvllctf to *prcud overa large arca 
because Iheir time in ihe air ¡s large. 
JJÍS. IDEVTIFY: \V rile an cxprcisica for thc suture of thc dislance */»'* fnxntrieoríginlolbeparticle.exprcsicdaia 

lunction of lime. Tben takc thc dcri>at¡vc of D' with rcspecl lo r. and %ohe Ibr Ibe valué of rwhen ilu* derivalive 
is <fcro> If the discriminan! ¡s/cro or negative» thc distance D will nctvr decrcate. 
Sef \v . v ! * with -Yfnand >lMgivenby EqM3»20l and (3*21)* 

Y.w.i i n : Following tbisprocess. nn 1 ■ 70 y 

EvaUiaTE: We know that if Ihe objccl i* Ibrown rtraighl up it move* away frorn P and Iben rclums* so wc are 
not mrptBcd that ihe projectile anglc musí be leu than tome máximum vatuc Ibr ihe distance to ahvay* increatc 
with time. 

ÍJÍ9* lo*-* iim: The baseball move* in projectile motion> 

Sur t'p: Use coordínales w h hcrc the v-axis is horíronial and Ibe r-axis b vertical. 

Y-\i.i i ii; (u) The irajectorx* of thc projectile b gíven by Eq* <J + 27) t with tf c - 0 ro, and the cquaiion dcscribing 
the incline b r-iianíA Scitingthcse equal and faeioring oui the \-0 rooMwhcre thc projectile b on thc 
indine) uj\c% a valué fot x.; ihe range measured alonv thc incline b 



-coa =[ili W + — 

ir f dm0 



[b)Of the rnany wayi to apnroach ihb proMenv a convcnicnl way is lo use Ibe same son of subxiiiuiHHU involvinj 
Jixjhlc anglcs. ai wat uicd lo derive Ihe expreision for thc ranee along a horizontal incline. Spccificalry. w ríte Ihe 
*b*rt c in lerms tif «¿fltA as 



R 



í %in acota eo*0 - eos' a sin 0] 

.o. i 1 -' 1 



Thc dependence on a and henee o U In the sceond ternv Using ihe identitics 
sin^cota -<l . 2)*in2a and ciM J ct-(K2Ml^cca247K thw term bccocncs 

Thi* wül be a máximum wben *Íri(2a-0) isa máximum, at 2*j - 0 - 2v + & - W r or p-45*-0/2. 
EVA1X a? t: Soie that ihe rcsult reducet lo thc expeeted fomw when 6 ^ 0 (a Qtf incline. ^ - 45* and v*t*en 
0 * -W (a ^rtical clilT). wten a horiamlal launch gnu the greatcst distance). 
.1.90. lühvnñ: Thc arrow moves in projectile moUon. 

Skf Up: Use coordínales ibat forwhich ihe axc« are horux>ntal and vehKal Leí 0bc the angleof the slope and 
ki 0 be thc ank T U - a: pi^jcvtmn retuve tí* the slupine eround. 



MotíoainTwoorThrcc Dimcn*ion* 



Y.\ix i tí : The horizontal diitancc x in tcmtt ofthe anglc* i* 

Denote Üie dimcnMoctlra quantity #t'2v¡ by /f; inth»ca*c 

„ ^ <9»K0 rn^KftOfí m.cosWff _ fl , 4sA 
2|32J>m*r 

The above retal iixi can then be wríticik on rmifcinlvinc both *ioc* bv thc product co*ÍJ co*(f? i i i. 



tintfco4# + ¿> - iiiKtf * 4}co*0 * 



wd so vni& r é)cc&0 -c<H*0 + fi)vn0--¥^^— . The termonihe Icfl i» lintftf *¿>-tf)-«n* jolhcrciull 

co*0.» 

of rhb combination uí^o.mv/'* ^» ffccaO 

Mihoutíh thi.s can be ckinc numcricaJIy (b)* itcraitotu iml* and error, or other mclhocfrck. thc 
Mn*j cosí' --(Mn(*í * h\ t- miWj alfows the anglc 0 lo be ¡«olafed; specirlcally* then 



■■¡:i 



24 f-0) + ainl -0» -fimtl íMrorhcneircMilllhat un|2*i-0)-2/»c<»0*ttn0 



i») fot 0-3O\ and /? ai found jKiw. ^ - 19 J a jtk! thc anule ihc horizontal is 0 * o - 4** V Forlevcl 

groundtning 0-O2$7\ r give* 

íIü l ■ ■■ W, ihciamc p a*i*tih 0-30* iraybeu*ed u^.Mr - ■ Km», giving ^- 13 0' an j 
¿+ff«-17Jr\ 

EVAU aTí ' For 0-Olherc*ult become* *¡a(2c>) - 2/> - ¡y 1 , ♦ Thu b equivaictii to ihc expreukm 

. t> . : ,,^- in lUamnle 3.& 

sr 

3.91. IdevTWY: Find Av and uie thu lo calcúlate ihe magnihnk and dircelion ofthe averace accclcration. 

Skf L t p: tn j time Ai, thc vclocity vector hai moved ibiough an angle (in radiar») A£ ■ < w Figure 3*2S in 

A 

ihc tcxtbookK fty con*idcnng ihc ihosccici trianglc Ibrmed by thc two vclocity vector*, the magnitudc |.\v| ¡* scen 
tobe 2vnn<¿/2>. 

Uiang thc viven valúe* give* magnitudes of 9 + 59 m/*".9 + 9lí rrtv and 10*0 ms". Thcchangcc tn dircelion ofthe 
velocily vceti*% are given by á0 — and are* rcipectively* 1.0 ra¿ 0 2 raCv And 0.1 rad. Tbercfore* Ihc angle of 

the i\ erige aeceleration vector with the original veiocity veclor i.% x 1 2 + 112 raedor 1 lB r 6 ? k 

rad(or95.r). and radlor 
EvaLItaTE: The ins^anuncoui accclentíon rtiagnítude, v'>ff-<5.00ois) í +(2.50m>- ICLOmt' binoeed 
approachcd in the linUI jt .\i >0. Abo, Ine direclion of anproaches thc radially tnwvd dircelion a* Ar — *0 + 

3.92. lotAiit^: Thc rocket tus two período ofeonsiant acccleralion moción* 

Su Up: Lct *y be up« aíd, Dunng ihc free -fi[| pha&e, tt -0 and a i - -g . Aller thc engines tura on. 

a t = (3Mjf)coi 30.0* and ij -(J OOghinSO CT 1 , Lct r be the total time sinee the rocket dropped and lct f be 

the time the rockel falb belbre ihc engine itarti 
EXfXirfE: (i) The diagram h given in Figure 3.92a, 

<ii>The A'posilion ofihe plañe 1 2*ti nv* V and thc -i'pouiton ofthe rockel h 

(236m^V*(l'2«Í OOH9BO ixiftr 1 )cD<30 B p-r) 1 , Thc graph* of the*c imequaiiom are iketched in Figure 
3.92b 
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(üi> If wc lakc y - O tobe Ibe altitud: of thc airlincr. then 

yít) = -\f2gT : -gT(t-T\*l' ÍIJOOK^KOmVMttníO^Kf-r)"* fortheroclwt.Thcairhncr h^comuni r. The 
ciaph* are xketchcd in Figure 3.92b, 

In cachof thc Figures r V92a*c. (he rockct i* dropped ¡u f - Dand the time Fwhen the motor is lurned on i& 



H\ *ctlmg y - 0 for Ibe rockcL wc can *ol*e Ibr r in lerm* of T 

O- i4*X*m* i7 - -é*>Kü m* J >7ií-7V (7J5 roVlTr- J l :: i...-. -Ir .i . formula for the 



1 a[ LlI'"- ! l - 



2(7,35 m>* ) 

uang ibe conditton that ■ 1000 nv wc fmd <236 nV*)r4(12,7 mV J(l- 1*1* -(236 m%)l m 1000 ra, or 

(l.72r) I »7&6* 1 . Thercfore r = 5,l5», 

E\ AJ-iAFt: Durinc thc frcc*fa,l phaie thc rockel And aiilíncr have the *amcv coordínate bul ihe rockct mtnes 



rfmvnwjrd ftrtti thc auhncr. Arlcr thc enginet lire + ihc rockel siartt to move ufwatd and it* horannfcal componcni 
of velociiy *tan* loexeced ihat of me airtincr. 

x 






0>1 

Kifcure 3.92 

3.9X iPEVtirV: Appty the relative vclociiy retalien* 

Ser UP: Lee 17. % be the xpced of thc carne relative lo water and v Ub be Ibe sficed of Ibe w ater relative ti> ib: 
panul 

K\i:c t Ti: (at Taking all urut* tobe in km and h, wc have Ibrecequniíom. Wc know thai hcading unitrcam 
v ow ~*V<, -2 . We know that hcadme uVwmtrcam for a lime f„ (v^ + v^.y - 5. Wc abo know that for the 

hotite v 4íi (f i i ■ 5 Soktng ibete three equaiiortt for v., H - i* <# s 2tx Iherefbre |2 t i » m ^5 or 

(2+2r)r«5. Al» uJ/t-L « (2i-2*)|— -lj-5 or Ix 2 + x-6 = Q> The pcnitive nlái i* 

r = v ttli & l,5 kmb. 

<b) i; fc - 2 kmh + Vfcg ■ 3,5 km h 

EVALUATE: Whcn they hcad ufutreanv ihciripced rcUlivc to thc ground i* 3 5 km'h-Iífcmh :»kmh . 
Whcrt ihcy hcaddtm-nitreanviheir%pecd relalivc to thcgroimd n 3.5 kmh + 1.5 kmh - 5 0 km h , Thc botilc i* 
movimt down&ircam al 1,5 km-'* relative lo me cariK *o ihcy are able toovettake ti. 




Newton's Laws of Motion 



4.1. iDEVtltY: C'tXMHkr the \ecior sum in cach casc< 

Sur 1."p: Cali ihc lwo forcé* and P t . Leí be id thc righi in cach c«í selcci thc direction of F. euch thai 

F * * F , tas thc etaired magniludc. 

Em:c i fe; (u) For thc magnitudcof thc «im lo be (he eumof thc macnitudcv thc forcé* musí be paralicé and thc 
anck bctwccn thcm u ¿ero. Toe Iwn vccior* and their turnare ¿ketched In Figure 4 Ja. 

(b) The forcee form ihe eidee of a tight uoscele* iriangk* and thc anglc bciivccfi Ihcm ¡* W . Thc two vector* and 
their mito arcekctchcd in Figure 4.1b. 

(c) Por thc mm lo have rcro magnitudes Ihe forcé* mutí be aniiparalkl. and (he anglc betwccn thcm i% lHCr'.The 
ti*o vector» are ikctched in Figure 4 Je. 

EyaUiaTE: The maxiinuin irugnilude ofibe *umof the two vector* t* 2/\ ae in pan <aí 




w n» e» 

I" í£n re 4. 1 

1*2. lniMi^: Add thc threc forcé* by aóMing their eumponent*. 

StF L¡p: In thc new coordínate*, thc 120»N forcé aet%at an anglc of 53 L trom ihc — i-axii, or 233' frorn 
the +j jvís and Ihc 50 N lorec ael* al an angle of 323^ IVoin ihe +x -axtv 
ExeCite: (u) The componente of Ihe net forcé are 

Jf, * (120 N,c«233**<50 N|co*323** -32 N 
-(250N|4ll20N>«n233 D t|50Ni»ui323 l '-]24N k 



|b> R-yjRltRl -)2£N. arelanj -^l-¡* 104 a . The rc*ult*have ihc tamcmagiüit>dc JsinE\ample4,l.mid 



anule has hecn changed by the amount <3T') that ihc coordínales have been rotated 

Kvai i u t : We can u*c any *et of coordínale axes that wc w¡*h to and can ihcrclbrc ¿ckci axe* forwhkh the 
analyti* of ihe problcm tí the *implc*t* 

4.3. iDEVtlIY: Use right 'trian;: k tricononiciry lo fmd the componente of the forcé. 
Su Up: Lct +x be lo Ihe righi and let +y be downward* 

ExxtUTE: Tne horí/onUl componenl of the forcé i* (10 N|eo*45° - 7.1 N lo ihe righi and ihe vertical 
component i* <ION)*io45 f - 7.1 \ down> 

Evaix ate: In our coordínate* each componenl a positiw, thc *tgn* of the etwnponent* indkaic thc dircciion* of 
the componen! vectora. 

4.4. IdevtifY: F t -fcoxr?, F t -F*in0. 

Skf Up: Let *x be paral kl to the ramp and directcd up the ramp< Let t i be perpendicular to the ramp and 
directed a«^v from IL Tben 0 - 30.0 a . 



4-1 
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Exuc i'TE: (tt) F- 



60.0N 



coar? co*30° 
(b) r^Fiintf-fiantfiW.óN. 

EvaUtaTE: Wccmi verify ÉM / .' t / - / Thc «gnsof f am. F f tirci i : . 

4.& IDEVTIFY: Vector addmon 

Skf Up: Use a coordínale sysiem whcíc Ihe *x*»xii ¡* ¡a the dircelion *rf f t+ thc forcé aprdied by dog A. The 

forres are ¿kcichcd in Figure 4.5, 
Uacims 




F í4 «+270N, f^-0 

» /; co*M0 6 - (300 N>co*6a<r* ¿ *150 N 
F fc = ^snóO.O'- 1300 NHwoOJT - *260 N 



+270N + I5ÜN-»420N 
^0*260N -1-260 N 




R -~ t/<420 \r t <260 Nr - 494 N 
0- 3LK* 



CvaI-1 AFt: Thc force* muM be adácd »* vccinr*. The rmignitude of the resurtan! forcé n le»» (han thc 
magnitudes of Ihe hvo Ibrccs and cfcpcndi on the «ingle bclwccn thc twi> forcei- 
1.6. Id*~n iif ^ : Add thc t»o forec* using componen!* 

SKF UP: r\ ■ Fco&O + F.-F *m0 , i*herc ff U thc angle F iruLci with the 

ExkCiffj \a\ F lt 4F ít =(9W)N)ci»l2ff > íí6MN)ci»(2J3J*)--SJ0\ 

ÍíFj, -(9 t 0OXhml2iríí6MNHin(233J*> = +3.OON 

<b) A- J¿f>tf; ^^CSJONT -t-OMN) 1 - 8.64 N. 

EvaUiaTE: Sincc F t vOand F t >0, F ¡xüi thc*ccondqu*jram, 
1*7- iDEvnn ; Appty ^F - W . 

Skf te: Lct *x be in ihe dircelion of Ihe forcé. 

i \m i n : «, »F a /H-(t32Nyf69fcg)«12*/* K * 

Eyai.i afk: Thc acccleralioo is in thc dircelion of thc Ibrce. 
IX locvim: Apply Tí -*u* . 

Sur UP: Lct »x be in ihe dircelion of the accclcraiton 

ExEtirTK: F t =hm ( =(135 kgKL40mft')-lH o N r 

EvaUiaTE: Thc nct forcé musí be in thc dircelion of ihe arcdcratkin 
M- Ideyiifv: Apply ^F ■ mId thc bcw, 

Skf Up: Lct te be ihe dircetion of Ihe forec and accclcr*iiion* Y/* -4R0 N . 



L >ftht< 



V...M , . ..I Sillín -1 1 



execre: ^ mm ^ m TfR3? ml **** 

EvaIaiaTE: The vertical forect Mim todero and there U no motion in that 
4.10. Idf.mim; Uw Ihe informal wn aboul ihc moi>on lo find thc accclcration and thcnu&c =«w ( 1» 
calcúlate m. 

Sr.F UP: Let »t be thc dircction of ibo forcé. ^r\ = 80.ON. 

ExEti'ru <»í *-x t = ll.0m . / -5.00*. v # . = 0. t-^ *v fc f + ytf í í* give* 

. .*'-*>. 2 " ljM >-momtf. ^-0N , M . 9k8 . 

r (5.oo*r * díNm 

<b> -Oand ucomtani Aftcr ibc ftrtf 5.0 v ( = v tít +a t l -(OH&O mi tí^Ml si ■ 4.40 m* < 
í-í,» y->/=(J40 '.i ,m-ii i 22.0 m. 

KVAH .\ri : The ma» determine* ihc amouni of a£Cclcia!>ort produced by a given forcé. The bloek move* farther 
in (he ¿ccond 5.00 * Iban m thc firel 5 («i *. 
J.l I. [uk\ nh\ aítd Ski (Jr: U*e Newton** *ccond law incomponent fomi (Eq.4.H) lo calcúlate thc accelcralioo 

produced by Ibc forec. L"*c con*tant atccIciatHm c^uaüon* lo calcúlale (he cffccl of thc accclcration on thc niotion. 
Exixi tf: (u) Durúig thi* lime ¡ntcrval Ibc accclcration ¡* corotani and cqual lo 

a - — - -1.562 nv* 

1 n O\160kg 

Wc can u*c (he con*iant accclcration kincmatic cquainn* from Chapicr 2. 

^-x»*w♦w í " 0t T< |562,I| ^'>< 2 ' oo *)^ 

so thc puck i* al x - 3. I 2 m 

v, - ^ + a t i * 0 * 0 562 mV « .00 l)«&tt mi. 

(b> In thc time inlcrval from r ■ 2.00 * lo 5.00 ■ thc Torce ha* been removed w thc accclcration ¡* «cero, The speed 
*tayi con*tant al v -3 12 m*. Tbe ikitancc thc puck travcUa x-x t ■ \\j =(3. 12 m »)(5.OO*-2.O0*) -9,36 nv 
Al thccndof thc inlcrval it i*a« < - x v t9 J6 ro- 115 m. 

In thc time inlcrval fn>m t -5.00 .% lo 7.00 * thc accclcration U again a t ■ 1.562 nV* . Al thextart of ihi* ¡ntcrval 
v fc "3. 12 nv* and i„- 12.5 ra 

-r--t»«W*7íi/=(3J2m»x2<M)»)i-^(l 562 m* J K2.00 i)\ 
. i r :i .., ^ i: .., --j m. 
TherefDre.al t - "00 i thc puck nal x- * f ■» 9.36 m -12.5 m »9.36 m ^ 21.9 m. 

\\ =v A( t£j.i-3J2 mx-r (1.562 mVH2.00*>-6*24 mi 

EvaI-I afe: Thc accclcration *ays (he puck ujmv 1.56 m* ofvelocity Ibr ewry ^cond thc (orce acbt. Thc forcé 
acu a total of 4.00 1 %othe ñnal velocity ¡* (I 5ít m n 4.0 1>- 6.24 mi. 

4.12. lDEvriF>: Apply ^ / - utfl . Then u*c a conitant Micelcratton equation to reiale thc kinetnatic quantitíev 
St.rlPi Let *t be in ibe dircction of thc forcé. 

I An i \ \ '. (■> d =F 'flr-<140NH32»S kg) = 4JlmV. 
(b> y-x, =v fc /+j^r. Wñn v t4 -0, j=-Jíj/ í i 215 ra. 
i<} r t -\\ t +oj . Wiüt v %tl ~ÍK \\ =aj = 2xit -43.0m r K. 

1a ui ui: Thc accclcration conncel* thc motion to thc forcea. 

4.13. Ide-viify: Tnc forcé and accclcration are rclated by Newton*» «ccond law, 
SKF Up: -ma t , *bere b me oct forcé. hW-¿4.50 kg. 

Exixi tf.: (ú) The máximum nei forcé oceut* when thc accclcration ha* i(* máximum valué, 
V / ~ma t -(450 kgHlO.O mi') = 45.0N . Tbi» máximum forcé occun ber*cen 2.0* and 4.0 * 

(b) The ncl Ibrcc U comtanl ivhcti thc accclcration i* coruianL Tbi* i* bctu h ccn 2.0 * and 4.0 ■. 

(c) Thc ncl Ibrcc ix /ero when Ibc accelcralion ¡* /eco. Thü ii (he ca*cai t í* and í -60 % _ 
EvaLuaTE: A cranh of vcr*u* i u-ould nave thc lame «ha pe a* ibc cmpri of *j. verw f. 
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4.14. iDEvnrv: Thc forec and accclcratioci are rcUicd by Newton '* ¿ccond law. - —-1, » is thc xlopc of me 
. r .i p I of v 4 verau A 

Skf Up: Tbe gmph of v. versu* r con*i*uof ¿traight-line ¿cgmcnrx. Fot f -0 to /■ 2.00 1, a t - 4,00 m v . Fot 
f -2.00» lo 600», a t - 0. For f - 600 i lo 10.0 u tf t -l 00mV\ 
£4-a4,wU -f = 2.75kg. £^bmeneifüf«. 

E\i:c i te: (a) Thc máximum ncl forec oceutx wben the accclcratmn bis rtx máximum valúe . 
^F t -ma 4 -<2.75 kgM 4 00 m * i 1 LO \ . Tn\% máximum NWl in Ihc inlervil i - dio t - 2 00 * 
(b) Thc ncl Ibrcc ix /tm uhen ihc xccclcrxlion ¡¿/eco. Thw u bciwccn 2.00 1 and 6.00 *. 
U) BéIW 6.00 1 and líi.Ot a t m I00mv\*o V/\ - <2 75 kgw 1 00 m v > - 2 ,75 N , 

EvauiaFE: Thc ix: fotec ¡* largcsl when ib: vclocity ¡schangmg mi»i npídly. 
4.15» IdevüfY: Thc nct focve and thc accclcntion are rcUtcd by Newton** sccond law. Unen thc rockel ¡* ncar thc 
*urfacc of ihccxrth tlx forcejón ü are ibc upward Ibrcc F exened on ii becau*cof thc bunúng lucí and ihc 
dowrminj forec F^ m ofgrsvity. F^ w - mje . 

Skf Lf: Lct *r bcupwxrd. Thc weight of thc nxckcl \% i\ mt - »fí,O0 kgN9.S0 nxVl- ?H4 N. 
I \m i m: i.o 'i tm§ 9 . f v 100.0 N, At f-LOOt.. /" ■ .1 m 4 *«i v *tf - 150.0 N and 
<a l5O0N- 100.0 N^, 25N , sJ 
4 00 *' 

<bM0 Al 1*0, r-^-lOaON.Tbcnrtfoccci* ^F-F^ -100.0 N - 78.4 N - 21.6 N . 

2.70 : i ■ . lül Al i -3.00 F-A + £<3.00 m -212.5 N . 



F 21.6 N 
w " LOO ka 



^F. -21L5N-7S.4N»I34.I N. g, = ¿t£L- &fjr) |^ " 16 8 * 

<c)Now f tWJ -Oand - F- 212.5 N ♦ « - |1L^ 06.6 mV . 

EVAUixTE: Thc acccleralioo incrca^ci jx /■' ¡trocases. 
4.16. lot-MiM: Uk eixuum accckration cqualioni m calcúlate a, and f. Thcn ux T^.f — ota to calcúlate Ihe 
ncl Ibrcc. 

SKF Up: Lct *x be ¡n Ibcdircctton of motíon of Ihcclccrran. 

ExxCUTE: (■> v- =0. (x-« l )-L*0*10 i ai. v É - 3.00xlO fc mfc . *; ^(T-lJ giw* 







' 2(*-*,) 2(1.80-10 ' m> 

•»*-%«-*-- 

i€) ^F^ma t ^(9.11-10 l( kg^JOKltf - mV)^ 2.28x10 * N . 

t\Ai i afk: Thc aceclcmiico u «n thc dirceUonof motion tiíiec Ihc ipeed tí mcreaun^ and ihe nct forxc t* in ihc 
direction ol thc xccclcrxiion, 
4.17. Idcmifi andSETtr F-ma. Wcmunuxc w-my. lo fmd thc maw of Ibc bouldcr. 

EXECVTKS m - - ^ 2400 2449 kg 

Thcn F m ..... kgH120 n'i') ■ 2940 N. 

EvajxaF£: Wc muit uxc rtuu ¡n Ncmoo'i sccond ísw. M;»« and wviiíHt are proporiional. 
4.1S. iDCvnrv: Appty - ma . 

Up: m ^ wfg = < 7 1 2 NI .(9.80 mV 1 - 7.27 kg . 



EXICVTE: d 160N -22.0mV 

* m 7.27 kg 

EVAUixFE: Thc wciühiof Ibeball iia vcnicxl Ibrcc xnd docxn t arTcct thc borüxintxl accclcration. Ikmc\cn thc 
ucichi is u*cd to cakxiUic Ihc mx». 



KmiiTs Uw*of Moimii 4 5 



4*19. lof.Min and Sti Vt: u - «u*. Thc of the watcrmclon U con*tant* independen! of tt% location. tu wcig 

chitar* ttn canh and Ji^utcr'i moon. Use &k Information aboui thc watcrmclon** wctght on canh (o calcúlale irs 

nú; 

V 44.0 N 

r.MCiTE: ir — gne* Ihai m - — — j- - 4.mv kif 

j Mi nV» 

On Júpiter** m con. nr ■ 4.49 kg* thc *ame a* on canh. Thtit thc wcighl on Júpiter * nwcn i* 
H -nv-(4J9 ItgHLKl ^(«lUN. 

EVALUATE: Thc wcighl of ihc watcrmckm i* les* on lo* *¡ncc£ r *mallcr there. 
4.2#. Idlmuv Wcighl and raa» are rclatcd by w - m% . Thc man u con&tani bul # and w cfepcnd en locaikm. 

StF Ufe On canh, # 9.S0 nVs 1 - 

lAnin: (■> — w . *vh«hHo>n*iam.*o i-^íi. = 17.5N . ff, - 9M mV , and « t -3 24 N . 
£ Sí Sa 



LSI m*\ 



EVALUATE: Thc wcighl at a kicaiwn and ibc accclcraikm duc lo uraviiy al that local ™ are dircctly proportional 
4.21. IdevTifV: Apply - ma, to find ihe rciultani horizontal Ton». 

Sur L : p: Lct ibc accclcraiton be m thc ¥x direction. 

Exrx t fk: V/' l -íim, -(55kgH15 ra* : 1-825 \ The forcé » exerted by thc block*. Thc blocki pu*h on thc 
*pnntcr bccau*c (he *pr¡ntcr pu*hci on thc block*. 

EvaLItaTE: Thc forec thc block* excrt on ibc tprinter ha* ihe «ante magnitudc a* ihc forec thc tpnntcr cxcrt* on 
thc block*. Thc harder ibc «printer puthe*. thc grcaicr thc forec on him. 
4.21 iDKVfiFY: y F - mu referí to Ibrcc* thal al) act on onc object. Thc third law referí to torce* that a pair of 
object* exen itn each other. 

Skf UP: An object i* in cuuilibrium if thc vector *urn of all thc torce* on il ¡* /ero A ihird law- pair of fbrcci 
have thc same magnitudc rcgardlc** of ibe tnobon of cithcr objcci. 
EXECUTE: (a) ihc canh (gravliy) 
<M4N:thcboofc 

Cc> no, Ihctc two forec* are cxerlcd on ihc «ame object 
<d>4 X; thc carth: thc book; upward 
<t>4 N\ thc hand; Ihe book; dowTiward 

(0 *econd (Thc two forcé* are exerted on ihe *amc object and this objcci ha* ¿xrro accclcralion.) 
<S) Ihird libe focve* are bcrwcen a pairof objecu.) 

(h) Mo. There k a nct upward torce on Ihe book cqual to 1 N 

(i) No. Thc forec exened on Ihe book by your hand h 5 N. tipwaxd. Thc forec exened on the book by thc canh U 
4 N\ duwmvard- 

(j) Yc%. Tbcsc forcé* fomt a third-law- pair and are cqual in rnagnítucíc and oppositc in direetion. 
(k) Ye*. Thesc forec* fomt a third-law h pair and are cqual in magnitud? and oppmite in dircclion. 
(I) Onc. only the grav jty forre. 

(m> No. There ut a nel ckm-nw-ard fotve of 5 N exerted on the book. 

EyaJ-1 "Ait: \cwion'« iccond and third law* cjvc compleroentiry míbnnabon about thc forcci that acl. 
4.23. lotviu^ ; ldcnliry thc forec* on the boltlc. 

Skf L'p: Claniry forcé* ai eontact or nonconiacl forec* Thc nonctmtaci Ibrce \% uraviiv and thc conuct fi*cc* 



come from thinc* that touch thc object. Gravity \* alivayi dirccied do^nward tow h ard thc center of thc carth Air 
re*Í*iancc i* alwayi dirccied oppoiiie to thc wlooty of thcobjcci re latí ve to thc a» 
EXECirTE: (a) Thc rrec body diagram for Ihe boltlc u *kciehcd in Tigure 4.23a 

F 



i 



Ihe only forec* on the boltlc are gra\ity 
ldowmvard)and air rciutance (upuard). 



Flgpit 4.2 Ja 



4 6 < haptrr 4 



\ yt w\% Ibe forcé of gnivriv that ib: earth cxcns 

m , on ibc boltle. The reaction lo this forcé i* *»\ 

lotee thal thc botilc exert* on the canh 

Figure 4.23b 

Noto mal thc»: lwo cqual and oppo*iic forec* produce *cry dilYcrctu accclcration* bccau*e Ihc boltle and the earth 
hit ve very diiTcrvni ma**c*. 

i* (He forcé thal Ib: air exert* on thc botllc and r* upwarü. Thc reaction to ihi* torce i* a downward forcé F* m 

tlut thc bol tic exert* on ihc *¡r. Thc*c hv« forte* have oaual ma^nitudc* and oppo*itc dirccitom. 
EvaUiaTE: The only ihing in contaci with the botllc whilc ü t% falling i* Ihc **ir. Ncwion** third taw ataay* 
dcaU wilh forcé* on Iwo diffcrcrtl object*. 
4.24* lDF-vnF¥: Thc rcaclkm forre* in Newton** ihird ]aw are ahvay* bclwccn a pair of ofcjcct*. In Newion** *eeond 
law all thc torce* aet on a «.ingle objcci. 
SilJ Up: Lct *y bcdowmvard> m-wíg . 

EXF.f IT E: Thc rcaciion lo ibe upwani normal toree on ihc pauenger r* thc downward normal forec. alto of 
magnitudc 620 N* thai ib: panenger exen* on thc ftoor. Thc reaction to the pa**cngcr** wcight i* thc gravitaiional 

torce that thc naiscngcr exort* on the earth. upwani and al*o of rragnrtudc 650 N. ^* ' - a t gires 

m 

a* ■ " " " \ - 0,452 nV*' . The pa**cnircr** aeceleralion is 0.452 m.V , downw h ard. 

F\ Alt atk: Therc i* a nct downward forec on the pa**enccr and ihe pj*iengcr has a downward accclcration 

4.25. lotMin: Apply Ncwion** *ccond law to ihc cartlv 

SEFUp: Tbeforecof graviry ihal thc earth cxerl* on her ii her wcighi. <i - «ü; ■- (45 kgK°,H n<. *■ ♦ . III N. Uy 
Newton** 3rd law* *hc exert* an equal and opoo*ilc Ibree on ihc earth 

Apply ^F -w# lo the carro* wiih |V / j - m - 441 N. bul muit u*e ibe roa** of thc earth fatm. 

EvFClFr: — - — íli^ — «7.4x10 a mV. 
m 6.0x1 0* kg 

EyaujaTE: Thtt ismmft Mnallcr than her aeeekratron of 9 S m s\ Thc forcé *he exert* on the carth equah in 
magnitude the forec the earth excruon her. but ibe Mvclcraiion thc forcé produces dependt on thc ma» of thc 
ob^eci and her ira** i* mm h Icm than ibe mat* of thc carth. 

4.26. [ükntify and SET Vt: Thc only forec on ihc hall n thc gravity torce» F ¥ttw . Thts forcé i* mg r downward and o 
independent of thc moinn of the objcei. 

Km:c t ti : Thc frce>body diagmm ¡* dccichcd in Tigure 4.26. Thc free-body diagtam i* ihe «ame in all ca*ct. 
EvaLuaTE: Some (bree*. *uch ai Incinn. denendon Ihc mobonof the obtcel but ihc ejax iiv forec doc* nol. 



Figure 4 M 

4.27. iDixntV: Idcniity the forec* on each objccl. 

Sit Up: In cachease thc forec* are thc noncontaet forec of graxiiy Ohe wviphil and the forcé* appltcd by objccl* 
that are in conlaet wlib each érale, üach érate touebe* thc floor and thc oiher craic. and *ornc objeet appl^e* F to 
erawJ. 

ExtCirTE: (a) Thc rrcc-body diagram* for each érate are givcn in Figure 4.27. 

F M <thc lotee on JM,duc loi«, ) and F At llhc forcé on m^due tom , i torro an actíon-rcaclion pair. 

ib) Su te o therc « nt> horuxkntal Ibree opposinc amy valúe of /\ no maiter how sroalU will eau*c thccratci lo 
acedera te to thc right. Thc wciyhi of ihc tw h o érale* acti at a right anglc to the horizontal* and i* ínany eaie 
balanccd bx the upward forec of the *urfacc «n ibcnv 
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Eyajxafe: Cralc B i* accclcratcd by / and érale A U accclcratcd bv thc ncl forcé i 



Ilv nnts thc 



lotal wcighi of thc two craitx, ihc grcatcr ihcir 



and (he ¿mallcr wjII be their accckradon 



Figure 4-27 

lot.viu v Ttx surfacc of block /i can exert boih a rrkiion forcé and a mirma) (orce on bfock /I. The friebon forcé is 
tlinxicd wMta uppo»? relativc nxHxm betwecn block* B and A. (iravny exetts a downward Ibice w on block A. 
Si: r Up: Tbc pulí ¡& a forcé on /J nol on A. 

F\*;c i fk; (a) II thc lable » frétionlctt ihcrc ra a net horizocrtal forcé on thc combined object of ihc iwo blocki. 
ind block <ff accclcraic* ín Ihc dircciton of the putl* The Jbciion forcé Ihal B exeru on A is to the nghL to iry lo 
prevent A frttm *tipping re bu ve \oB azB accclcratcd (o (he ri¡f.hi- Tbc frcc*body diagram » tketched ¡n Figure 
1,28a, /b thc ftiction Ibrce ihat B cxerlx on A and n i* ihc normal forcé thai B exert* on.f\ 

|b)The pulí and (he friciton forcé exerted on B by thc tablc cancel and the net forcé on ihe lyilctnof twn block» ¡* 
nn>. Thc blocki mo\ h c wiih Ihc ume contfant «peed and S cxeri* no friction forcé voA, The ligc-body diagram n 
tketched ¡n Figure 4 28b. 

EvaUiaTE: If in pan (b) rbe pul! forcé ü dccreoxcd* block B wiU ilow down* wirb an accelcration directed to thc 
lcfi\ In thw cas: ihe friction forcé on A woukl be lo Ihc left. to preven* rclatívc mouon betwecn (he (wo blocta by 
eivinc A an accck*ri(ion cuua) to ihai of B> 




lotvnn : Since ibe obiervcr i 
i* ihc minear By Xcwion* 



Ffcure 4M 

x* the ball hang mouonlcn* the ball imiit have ihc 
law.. ihcrc musí be a ncl Ibrce on ti 



*amc accelcration 

lito 



Si.r l'P: Tbc forcé* on the ball are gravity. which t* w. downw&rd. and (he tensión T in the ¿Iring* whieh u 



Exixi te: (u) The icce4cra(ion of ihc Irain i% nao. mi the jeccleration of ihe ball U /ero. Tbc re i* no net 
horizontal Ibrce on Ihc bal! ¿mi (he irring imitf hang vertx - j1I> Thc fnc-body dtagram U ikciched in Figure 4 + 29a + 
(b) The (rain has a comtani accelcration directed eaM «o thc tall muit luvc a con^unl caxiward accclerulion. Hiere 
musí be a ncl horizontal Ibrce on Ihc Kill. directed to (he ca*l Thb ncl Ibrce muM come ftom an eaM^ard 
con^tonent of T ami ihe ball hangs wiib Ihc ttrinc displaced wcm of vertical The rree-b*ioN' diagrarn U sketched in 
Figure 4.29b, 

EvaLUaIT: Whcn (he molion of an object ¡& desertbed in an inertial trame, therc muit be a net Ibrce ui the 
dandion ol thk a^cetcraumi 



( 



<« w 

Figure 4 29 

Idcnufy the foreex for cacti object. Action-reacuon pairs of forect act betwecn r*o objecu. 
riction ix pirallcl lo ihc lurfaces and rt dirccily to oppos: rclalive motion benvevn thc surfac 
The free-hody diagram for the box ¡* givcn in Figure 4 .3Cü. Tbc frec body diagram for (he (nick \% 
kívcii in Figure 4.30b + Thc box** friction forcé on (he (ruck bed and ihc rruck bcd'i rricrion forcé on thc box form 
in action-reaction pair + Therc «^ould al*o be tome snxül air^rcsiniance forcé aclion lo ihc lert + prcxurnably 
DesGa ible al ihk 



lD£Vlltt: 



4*8 í hjpirr 4 



EVAUMTE: The triction forcé oo ihc box. 
aecekration Thk íncinm forcé can*i be 
ihc truck avauirc* a vi caler speed (Km thc box. 



hy ihc bed of the truck 
ii> giv e thc box thc 



dirceliort of thc truck* 
at thc iruck bi 



/«i 

fGftlkvi flNCC 10 



Kiaurc 4 Jfl 



4JI. Idevtifv: Idcnijry thc forcé* cm thc cbair. Thc ftoor cxcri* a normal forcé and a fríclion forcé . 
Sur Up: Lct +jp be upward and leí tí be in thc direcuon i>f thc molkm of thc cboir. 

Em;c i fkí (a) Thc rrcc-b*ídy diagrarn for thc chair ¡i given íq Figure 4.3 L 

<W For me chair, * -0 so £F -aw givci it-atf *Ín3T*-0and it - 142 N - 

Evalúate: tf ¡* larger Irán thc wcighi bccau*c F ha* a downward componcnL 




Figure 4 Jl 

¡sty ^ f - mt , Consiani «peed 



*I-0. 



4J1 lofcvnFY: Jdcntily thc forcé* on thc skier an 

Sur Up: Uso coordínale* ihat ate paraJIcl and perpendicular tu ihe *kipc. 
E\j;t i fk: (u) Thc Irce-bocÍY diagrarn for thc *k¡cr ti given tn Figure 4,32. 
(>» ^_ ' «i* «, 'igimr-mj«ntf-l65 + 0kg4i*JtDm s^sinloJT- 279 N< 

EYAUiaTE: Tii les* than thc wcighl of thc sIm Il i* cquaJ lo thc componer* of ihc wciuht thai ih parallcl 




4 JX iDiXntV: - ma mufl be 

cxcri* on ihc m»ck « cqual ¡n 



Figure 4 J2 

for cach object. Newton '* Ihird law *ays that thc forcé t t H ( thai thc 
■nd oppcuiic tn direction lo Ihe forcé F , . ihat Ihc truck exerts oo ibc 



Ip: Thc tfnly hori/onial Ittrve on thc car k thc (orce r Tim( exened by thc truck. The car exem a forcé 
' ■ . . Kin ^ Iruek, Thcrc ii alio a horizontal friction forcé f ihat thc highway tur face exerts on thc truck. Anume 

thc xyslcrn ti accclcrating to thc nuht in thc lrcc*body diaerami- 

E\i;t t Fru (u) The Ircc-body diagrarn for Ihc car ¡* *kclchcd in Figure 4 J3a 

(b) The frec-bodv diagrarn for ihc iruck i* skcicbcd in Figure 4 J3b, 



V...M . .V.-..I M, ... 4 g 



(c) The Iriciton fíxvc / jccclcratci thc :-y*iem fom ard + The tire* of the truck pu*h fcackwardt on thc highway 
turíacc jü ihcv roíale, 10 by Ncivion'i ihírd tau thc roadway puibci fonvard on thc linís. 

EvaLUaTE: and f\ — 1 cach cqual thc ten*¡on Tin thc ropc* Boihobjccli have ihc ame accclcratioa á . 

■■■ ■ ■ / - r - «f,tf . %o i «i f «i y¡ . Thc Morimim ufthc ti*o ubiccu fa npvtíoMl to¿ 



«i 



(Jj 



*■ igurc J J3 

4*34* IDEYTIFY: Use a conitanl accclcraiion cquation to fmd (he itoppinit time and accclcraiion* Thcn uw 
2^ F - ¿na tt> calcúlate thc forcé* 

Srr L'p: Lct tx be ¡n ibe direetion thc bulle! n mivelinu. /* is thc forcé the wcod caciu un ibe hullct* 
I \n i n : (■> v^ = 350m/i, v «0 and (x-^) =0.130 ro . n ■ i ; — ,— \t 

-mn t gim -F-xw. and F--HW, - -»1 Ko* 10 1 kgK'^.Tl^lO 4 m* ; >-R48 N. 

EyajxaTe: Thc accclcraiion and net forcé are opoosile to the direetion of mol ico of the bullct. 
4-35* lotvnrs : Vector addition problcm* Wriic ihe vector addition cujuaiHfn ¡n componen* fomv We know onc vector 
and ¡U rcfliltanl and are atked to salve for the otber vector 

Ski l>: U*c coordínales váth the *.r^xii alone F. and Ine *r-a*KÍ* alone A; ai thown ¡n Figure 4.35¿ 



F¡.=+1300N. F tt =Ú 
R t -(K R, - .1300 N 




Hgurv 4*3 5a 

ExtXtTE; F u ~ R t - F lt ~ 0-1 300 N - -I3G0N 

F u ~R t -F u o+|300N-0 = .l300N 

Thc componen** of F, are &kcichcd in Figure OSb 

1 B 1 /*Í.^1 Í . » Jf-1300N> J +(I300N) J 
F-1M0N 

F 2t +1300 N 




R, -1300 N 



tí -135 



A, 

Usure 435b 

Thc magnitudc of F. \% IS40 N and it* direetion ih 1 35- countcrclocfcwiic rrom ihe direetion of F y 
EvaUiaTE: F. ha* a nec^ive .v<ornnc«icnt lo cancel F í and a r'Cornponcni toequal R 
4J6* Id¿mify: U*c ihc motionof ine hall to calcúlate^ ihe acceleration of gravity on thc planei* Thcn w-mg 
Si:f L t p: Lct 4jp be downnard and laae i> = 0. v tt - Osince ihc ball » rekatcd rromreit. 



J<|0 t bjpn-i 4 



1 \m i 1 1 : i .. i \ v ~^g¡ ! givc* 1 0.0 ro - -i-g(2.2 *)' . g = 4.13m s andibcn 
h x -*W* -iaiOOkgX4JUraV) = 0.41N. 

EVAUMTE: s; on Pbixi X ¡* onallcr ihan on carth and thc ohjcct wcijíh* lew ihan ii would on eanh 
4J7, loevnrv: If the box movc*¡nihc *x*direci»on ii mu*t havc a -0. m Tf -0 + 



Thc tmallcil forcé thc childcan cxcrt and *itll 
produce *uch molion ¡s a forcé that nukc* (he 
r*componcnta of all ihrcc forcé» *um todero, 
but ihai docMTt havc any 




SET VJp: f¿ and f ¿re ¿ketched ¡n Figure 4.37. Let F¿ be ibe íbrec exerted by thc child 

^ mil, irnplia H + F*. + F %t « 0. so F> t » -<r* , ♦ f\ ). 
I \n i n : F„ -■»^¡jiui6<r ? = (lOON)im6ir-S6 + 6N 
F,, a+F 3 m(-3Q*^-F i %ia}(r ^-\iM* N>snW--70.0N 
Then F lp ^Hl : ; í + r Jí )=i-<a6 í 6N-70ÍIN)--l6.6N; »0 

The *mallc*i Torce Ibe child can exert ha* rnacniluiic 1 7 N and ñ directed al W clockwbc írom the tx-uíx 
*hown in Ihc figure. 

(b)lDE\Tm andSETllr: Apply J^""*,. Wc know the torce* and ít, *o can *olvc for iw, Thc forcé exened 

by the cnlld i* in Ibe ~r-dircclion and na* nox-componítit 

EXJXUTE: F lt -^awóCT-SON 

fi, = F J co*3Cr-l2L2N 

X^. 3 ^*^. = 50 N * 121.2 N - 1712 N 

a, 2 00nW * 
Then i* - iirjj - R40 N, 

EVALUATE: In part <b) we don i necd n> conxider Ihe r -componen* of Ncwton's *ccond law. a f "0 h the ma» 
doe*n 'I appear in ihc ^F ■ equation* 
4J& IdeyiuY: Use Tf lo calcúlale thc accckntion of Ihc tanker and then unc consiani accclcration 



Su I r: Let f x be ihc direction thc tanker \% moving initially. Then a t — -F*m . 

ExxtUTE: i h ; = \¿, 1 2a A {x - Xt) %xy% ihat if Ibe reef wercni ihcrc the *hip would ttop in a diitance of 

t, — — — = - 506 m, 

2tf 4 2{F fm) 2F 2<KG*i(i* X) 

*o thc *h¡p would htl thc reef Thc ¿pccdwbcn thc tanker hit* thc reef i* Ibimd ftom v L ' ■v¿+2fl 4 (x-*J,foitii 
and thc oil ibould be rafc. 

EVALIiaTE: Thc focee and acccfcr¿t¡on are dirccled oppotitc to the initul motíon of ibe lanker and ihc apeed 
rirrTf n 

Idiaiih: Wecon apply conttAni acccicration cquatíoni te* tdaic the kinematic variable* and wc can u*c 
Newton'» »econd law io reíale ibe forec* and aecc^ration. 

(a) Sm I p: litsi ü*c thc informalion given aboui thc heighi oí thc jump to calcúlale the speed he ha» al Ibe 
in*iant bí» feet kave ihc jjmund. Uic a coordinatc vyvtcm with Ibe h-j\ís upn h aid and thc origin at thc potiiion 

u hen hu Icct lca\e ibe ií round. 



\tf*ton'i Law* oí Mol km 4-1 1 



v -íl (al the máximum bcighl), V t . tí, ■ -9.80 mV, Jf— 2m 

<b) Si j Up: Nüw coniidcr (he accclcration phau-. from when he ¿taris lojumpuntil whcti hii ícet lea ve ihe 
ground. Use a coordinóle xyxicrn where ibe *■ 1 *axn U upwarü and (he origin ta al h» poiiiion wben be itart* hb 
jump 

EXEtiíTE: Calcúlale ihe ave ta ge acedera t ion: 

(c) Ski Up: FinaDy. lind ihc average upivard forcé (hat ihe ground mtxsi excti on him to produce thi* averoge 
upw&rd accclcration (Don't forgel about the ckmrmard forcé of graviry.) The forcea are ¿Lclchcd in figure 

"i ■■ ■■ 1 S s kg 




■ir 

F„ = 90\H kg(9 t 80 mV * 16.2 Wttí) 
F„ = 2 J6Ü N 



Thtí i* (he average forcé excrled on him by ibe ground* But by Newton** 3rd law, Ihe aven ge forcé be CYcrt* on 
(he ground ¡* equal and oppoulc. %o t% 2360 N. downward. 

EVAJJMTE: )n order íbr him lo acceleraie upward. ihe wrouttd muvi exert an upward forcé grcaier (han hu 
tveight 

4. Jm. iD&vfiFY: Use conitanl accclcration cquaiioni lo calcúlate the accclcraiion *i. Ihai would be rcquircd* Then use 
^f. -rúa. to fínd Ihe nccc**ary forcé. 

SirlPT Lct *x Vk tiw directionof ihe irrítial molionof thcauio* 

I Aic t'Tt: ■£■¿+2* U-x )w¡di v -O give* ú ■ - L_ The forcé F i% directed onrmiic tome 

molion and <t t ■ . Lquaiing thc*e hw cxprcvüon* fot a t gives 

2**-*,) BQAxIO 3 m) 

EVAU-ATt: A very large forcé i* requíred lo itop luch a rnaiaivc objecl ¡n tuch a *hort distance. 
MI. lot-Min: Appty Newton** second law to calcúlale a. 

(a) Su I r: The frce-body diagnim for the buckel n ¿ketched ¡n Figure 4.41. 

y 



1 1 \t**wn*i*\ 
i í. lie ixrd) 

Tbc net forcé on the bucket 
is T-mg+ upward. 



H|furv4.41 
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0»)EXECira £f -ma t gívc* T-mg^mú 

T-mg 7S.0NM4J0kiiii9.mmVl 75.0N-47.04N f m 
a - - - - S.s¿ nv*\ 

ju 480 kg 4¿0k¿ 

FVAUMTE: Thc wcighlof ibcbuekel ¡*4?.I>N> The upwurd forcé exerted by (he eoid i* torger tlun ihtv *oihe 
bucket «iccelcratc* upx\ ¿rd . 
4*41. iDEVTlíY: Appty ^ F - mniu thc pafxhmivl. 

Si:t t'P: Let t r bcuptvard. F„ i* thc forre c4" air rcaitance. 

EXICVTBS (a> h mg *5S.*> k-rii** B0roVi = 5J9N 

(b) II . i . . - • • • • tn Fig. 4.41 - - h + = 620 N - 5 J9 N - 8 I X ♦ The oct fotec i* uptvard. 



[C] 



■ 1.5 ' ■■ * .ir- 1 . r .1 



m 55.» kg 

Eyaji afé: Both (he nei íbice and ibc accclcraüon are upwank Since her vcloeilv i& dowmvard and her 
accclcratioti w umvard. her tpced dccrcíi&ci. 



i 



Figure 4jQ 

4,43. iDEvnrv: Use Ncwiun'i 2nd iaw lo relate Ibe aecclcraiion and lorvci Ibr cach 

(a) StT Ur: Since thc erales are eunnccicd by a tope, ihcy boih luvc ihc ¿ame aceelcraiion. 2.50 
(bí The Ibice* on ihe 4.00 Uc érale are ¿hown ¡o Figure 4.43a. 



Eucinu 

7 - m j - 1 4 4)0 kgM2.S0 mí 1 )- 100 N 



Fíipirr 4.4Ja 

(c)Si;t Lip: Forcé* on ib? 6 00 ku érate Are «btwn in Figure 4.4ib 



Kizüre 4U3h 



The érale 
wlhcoet 



to thc nuhi 
Íi lo thc righl. 
ihanT 



(d) Emxi fe; ^j^-am. givex F~T-m/i 

F*r*m^-10AlN + í600kgM2 50mVi J l - 10.0 N » 150 X - 25.0 X 



EvalUaTE: Wc cxi atto considcr ibc hvocraic* and Ihe ropc cixwcciing ihcm a* a sinclc obitei of maw 
H>.o kg* The rrcc-bodv diagrarn « iketched in Figure 4.43c. 

i 

F ~ma - 00.0 kg)(150 mVl ■ 25.0 N 
Thi* agrec* wiih our arcwcr in parí (d). 




Figón? 4.43c 

4*44* IdCTTIIY: Appty Ncwion** xccond and third bws 

Sur Up: Aclion»rcaction (orce* aci bcttvccn a pair of object** In Ihc sccond law all ibc forcé* act cm thc 

obfOflt 

Ettic i ri ■ : (&> The Torce Ihc atfroraul exen* oo ihc cable And ihc torce ihal thc cable exeru oo Ibe aitrc 
an aclkm rcaction pair. %o thc cable exert* a forcé of B0.O N on thc atfronaul. 
(b) Thc cable i* under icn*ion 

105 Okg 

(d) Thcre i* no nel (orce oo Ihc maule** cante* *o thc forcé that Ihc *Jiuttlc cxcrlx on thc cable muM be K0*0 N (Ihu 
i* no/ an action'rcaciion pair)* Thu*. thc forcé that Ihc cable exen* on the xhutlle musí be R0J)N. 

w aflSxIO 1 kg 

EVALUATE: Sínce Ihc cable i* ma**le*s ihc net forcé on ti i* ato and Ihc leniion ¡s ibe «ame al cacti end* 
4*45* Idemhy and SET Vr: Taxc ckrivatiYcs of lo find v M and a¿. Use Newton i sccortd law lo relate Ihe 
accclcration to the nel Ibrcc on ihc object 

EXECVTC 

mi x-lfcOxlO* mV)f' -(8*0* lO'mVy 1 
i 0 ü 1 = 0 

Win / - 0025 * t x = (9*0x10* nVH0A25 *) J -<S + 0x 10* m.V)(0 + 025 *>* -4 t 4 m 
The lengih of the barrel musí be 4 .4 m> 

ib) v; ^ÍÍI-|l8.0x|0 l nvV>i-(24 t 0x|0 4 nV*V 
dt 

Al f -0. ^ ■ 0 (objecl iiarti rrom rol)* 

Al r ■ 0*025 *, when Ihe object reache* the end of thc barrei 

v "(iB.OxlO* mV4*)í0-O25*)~f24.ü* ItV roV)(0.025 O* -300 nV* 

M ^F M -m,, *>muxi find a L . 

a t 18.0x1o 1 mV-<4a0xl0' mVy 

dt 

(í) Al f m, j -IK.ü-*l(i Whí and V y n so kgiíl B-0 - 10 nvV) = 2.7x10* N. 
00 Al f -0.025 fc, d ( =18x10' roV-í4HAxl0 4 mV^OMS *) = 6J)x 10* mV and 
^f. -<l 50ltgK6 + Ox|O l rnV) = 9J>xliy N, 

EVALUATE: The accelenilion and net forcé dccrcasc ai the objecl move* abng the barrel 
4*46* iD&vnn: Appty *Tf -má andsolve forthemaMnof the ^pacecnif*. 
Su Up: w— mg . Let +y be upward. 

K\íC iTt; (u) The vclocity of ihc qiacecrafí a tkwtiwanL When it i* slouing down* ihe acceieration I* upu ard. 
When it is «pccding np t ihc acccleralicn down^anl. 

<b) In each ca*c ihc net forcé i* m the djiection of the accelcraiHHi. Speeding up; w>F and (he nel forcé is 
duivmvard. Slow ms do^n: m < F and the nel (orce is up^ard. 



4 14 <hjpirr4 



[el Denote thc í^componctii ofihc aeeclcraiim wnen thc thruti i% r, by *i, ^nd (he i compoooit of thc 
iccclcration when ihc ihru< b F bj a ¿j. s+1.20 n*'*' And tf ; - -fl.SO nv** ► The fortes and acccleration* jk 
ihcn rclatcd by F-u-m**, R Dnidina thc ftrM of these bv ihc 



F ; -n 



and rolving for ihc wcicht u givcs 



"' ' Substituting thc gíven number** wilh ir upward* itive* 



il.2ftnVjfXI0.0x10* N)-(-ftK0m'* J H25.0-10 1 N) 
Uflm.i'-l-OllOmV) 



EVALUATE: Thc accclcralion doc lo gravity ai Ihc Mirfftce of Mcrvuxy did not need lo be found 
4d4T. Id*aiim : Hke *h¡p and mttrumcni have ihc «ame acccIcralHm Thc forcé* And accclcralkm are rclaicd by 
Mcwton's tcvond law. Wc con ase a constant accclcraiion cquation to cakuUtc thc accclcraiton from thc 
infbnration givcn about ihc motion. 

Stf U?z Let i r be upward. Thc Ibrces on thc in*irujncrjt are thc unuatd icru*on T excrlcd by thc wire and thc 
dottiiward forec trofgnmty. h ¿ mg -<6.S0 kgK^HO mV>-63.7 N 

ExEtirt : (a) Thc frec-body diagram a sketched m Figure 4.47. Thc accclcration i* upuard. «> J > w . 

gira r-H^nwind T * w+ nw = 63.7 N>(Ó.S0 kg*2.45 nfe 1 )- 79.6 N . 
EvaIaiaTE: Thcre murt be a nct frece in thcdirccnonof Ite acccleraiion. 



2 45 nV»' 



r izure 4.47 



4.49. 



If ihc rocket u moving ckwnward and ii* qiccd isdccrcauag* ¡U accclcration n unward* jum a* ¡n Problcm 4.47. 
Thc *orut¡on « idéntica! lo Ihal of Problcm 4.47. 

IDEVHFV: Apply ^ F - iw¿ to thc gyrniuál. 

Sur Up: Tbc upuard (orceon ihc gymnait gives ihc icmkm in ihc ropc. Ihc frec-body diagrun Ibr ihc gymnasl 
i* viven in Figure 4.49. 

E\*:t i Fti: (a) If ihc gymn&it climbi ai a contfant rale, ihete i*noncl Ibrce on Ihc gymna*t* «o thc tención imi*i 
cqual ihc wcight: T - mg « 

(b) Nomoi»on i* no accckraiKKV *o thc lemwn t% agam thc gynina&r% wcight. 

(c) r — w" - - m|a| (thc accclcration k upi*ud + thc ¿ame dircelioci ai ihc icn^ionKso 7* - -t 

(d) F— ir» 7" - — m¿i - (ihc aceelcralion ¡%downwArd* thc opfKxile direction to thc tención ), *o 

EVAUrATE: Whcn xhc accckntci upnml thc teniioo i* greater iban her wcight and »hcn %he accclcrate^ 
n^ jni ihc iciw*on i* leu than her wcighi. 

T 



Ncfrton'iLawiofMolkm 4*15 



-1.50. 



[Ul \ Jin: 

(*) Strtr 



^PPty T*^* ■ m * |(> *hc clcvator to rétale thc forcea on ii to thc 
The frec-btídv diaurom for thc elcvjtor n ikcichcd ¡o Figure 4.50 



J.5I 



; uim. ,ir J : 



n Tbc iruAirnum uimjrd 



■ ^ 

íitn re 4.50 

Takc thc +j -dircciton lo be ufnvard iin;r ihat it thc dircelion of ibc 
accckration u obuined frorn thc máximum rxiwiblc tcn*ion in Ihc cable*. 
EXEtiíTE: - give* T - mg - 

^ T-rng 28.00QN-(220QkgM9.KOm.',^ ^ 

■ ~ 2200 kg 

(l>) What chance* ¡* Ibc wcight my uf thc elcrator. 

T-mg 28,000 N- (2200 kgkíl -62 mVi ... 
<t i s L 1 . L mis * 

m 2200 kg 

EyaI-I afe: Thc cable* can givc thc clcxalor a greater ¿ccclcraiion on Ibc 
gravtly ¡* le» there and thc ume T then give* a greater ncl forec. 
Io*a nrv: He i» ín frcC'lall until he contaci* thc ground* Use tbc comtanl 

Si:f Up: Take + r downuard. While he ts in thc ait* belbrc he tcochc* ihe cround* hi* a:cc4cration 

I \n i n : (■) v #t *0, ,y->* o *J.10m.and d. -9.80 nVi 1 . v? * v* r + 2a r (y-y 9 ) grve* 
v t - ^2tf,( - i/2|9 + 80 m.« ] ||3 10in> - 7.79 m'» 

|b> y, ( - 7,79 mi , v t -0, j-jí -0.60 m, lí»*í **>.Ü p *jO 



«tice thc dtttoTrtVjfd lutci: oí 



''Hy-yJ* 2(060 m) 



-50.6 mfc*. Thc 



(c ) Thc rree-body dtagram « gíven in Fig. 4,51. F h Ibc furec thc ground cxcrl* oo hinv 

^F t - mo, gira inf - F - -nw . /" - m(g + ¡r) = (710 hgKMQ m % s * 50 6 mtf) - 4 53* 10' N ( upi*ard 

F 4.53*10' N 



k* <75.0kfiH9.S0mVI 



Uy Ncwion'* third taxv. thc Ibrcc h» fcel cxctl on ihc cround is -/ ■ 

Ey.vii afe: Thc forcé (he ground exens on him ix about xix time» hñ wcighi. 



4.52. lot.MiM : Appty - má to thc hammer bead. Use 4 conxlant acccleralion cajtuilion lo reíale ihe nxiiton lo rnc 
jccckntion. 

SF-F t T P: Let + r bcupwAid* 

Exf.ci te: (u) The lrce-b*HÍy diagrarn for Ibc hammer hcad i* *kctchcd in Figure 4.52. 

(h) Theiccekmion of thc himrner hcad U grveoby i*f - 1¿ * 2ú t (y~ y t ) Wlb v r - 0 . v #p - -3*2 ir*V and 

y- v 4 --00O*5 ra. n f -»¡ p /20 t ->;.l ti:m ^ :iOiMSmi-! IH m. s : .Tbemauorihchaniiner 



J.|6 <h*ptrr4 



hcad t% il% wciehl dividcd by £,(4.9 Nj I^.Sfl m i' 1 - 0.50 U¿ . and lite nc< forcé on ihc hammer hcad i* 
lOSOkgMU 38*10' m V)-57DN. Thi*¡4lbc*umpfthc forcé* en thc hammer bead; lite upward foacc that ihe 
excru. irte dmvmvjjd ttcicht and thc ckmnward 1 5-N forcé. Thc forcé ihai thc nail c&crti U liten 590 N\ and 



ihis musí be thc magnitudc of thc Ibrcc ihat thc hammer hcad c&ctti on (he nail 

[c) Tltc di-trance (he nail move* i» 0.12 m t *> the accelcration will be 4267 ms' * and Ihe net forte on the hammer 
hcad will be 2133 N, The iragn ilude of thc forcé ihai (he nail exettt on the hammer hcad. and henee thc magnitudc 
of the forcé that ihe hammer hcad exerfc on the rail b 2153 N.orabout 2200 N 

EVALUATE: Fot (he dtorter siopping diaance the accclcralion ha» a larger rrauniiudc and thc forcé bcrwocn thc 
¡» larger. 



ntv 



Lili klE'.d 



r fcitre *Sl 

IMOTIIY: Appiy y* F - mtftosomc pon km of the cable. 

Si r i >; Tbe free body diagrama fot thc uholc cable, thc top half of thc cable and thc bottom half are xketched 
Figure 4,53, Thc cable i* at rc*t. so m each diaujam thc nd forcé i% aero. 

Kx*:c t tu: f» The riel forcé on a poiniof thc cable al (he lop u /ero; thc ten*™ iti ihe cable mutf be cqual tot 
wcighl w. 

(b> The net forcé on thc cable mufl be aero; Ihe dilTcrencc belween thc tensión* at Ihe lop and botlom muM be 
cqual to ihe wcicht n. and with the repulí of part la), there b no tención al thcbotiont. 

(c) The net forcé on Ihe bottom half of Ihe cable mu*t be aero, and m thc temion in Ihe cable al the nuddlc muxt I 
half the wcight* w-2 . fEquivalcnlty* the nci forcé on thc uppcr half of thc cable musí be /ero. I 7 rom pan (a) (he 
tcrwion at (he lop i* m; (he wcight of thc lop half u w/2 and m thc icntton ¡n ihe cabk al the nuddlc mutf 

be w— */2» w/2 . 

(d) A granh of Tvv duiancc will be a nccaincly *lopcd line. 

EVAJJMTE: Thc tennon decrcaw* lincarlv froma valué of h at thc ton (o /ero at the boitom of thc cable. 



r r 



mp luir 



humm late 



iDf-vrm : Nolc that in Ihi* problem thc 
t>ihcrm**cvApp1y £f^*m lo 
(a) Sirr Ur: The frec-body 

t¿> ****** 



mas* of ihe rope i& given, and ihai il i* not ncgliuiblc compared 
to relate thc focce» lo ihe accclcrabon* 
block and for ihe roñe are enen in Figure J.5Ja. 

SlXlUbkKl 



b ibfl 




- 



.ii-ii ti ri|Vl 



Newton Mt>li¡m 4*1? 



T, i% the tenrioo al the cufi ofibc tope and 7" h i* Ihc ictohir al the hottomnf the rene. 

t:\Miff: (b) Trc4i Ihc tupe and ihc hvo blocks (ogcibcr ai a xingte objeci* wilb ms» 

/r: - 6.00 kg - 4.00 kg ~ 5,00 kg - 15,0 kg. Tale *v upward. míkc ihc acccIcuiHm ¡*upwani The freebody 

dugram t% tíxxcn tíi figure 4-5Jb. 



< m 

ff 200N-<IS,0kgX9.ffln>yi ^ 
ISXIkg 
r»*nre 4.£lb 

(c) Con*¡d?rihc Unta on the too block <or - 6 00 kgX unco the tcn&tanal ibclopof Ibcrope (7;t mil be eme of 
Lhcsc forcé*. 

|. 

F - - 7] - ni*? 

rif^ T = 200 N - (6M kgX9.B0 m. 1 *' » 3.53 nV* J í - 120 N 

Usure 4,54c 

Alterna) ¡ve ly* con coroider the forcea oci the cocnbined object rape plu* hotiom block (m - 9 t 0Q kg): 
j|>Í í-rng-nw 

• 7; = m<í*fl)-9.lWk[U9Jt0mV + 3.53 mta')- 120 N\ 

1 whkhchcck* 

I iüure 4.54d 

(d) Oncnay todo lbí*¡* 10 comiderihc forcé» oolbeiopbalfoflberope <«w-2(H>kg) Leí J|, bcihc 
the midpoinl of the rope. 

T m mt -m(g 120 N - 2.00 kgí* HO rn V » 353 nV* J f = 93 J N 




Plpn 4.54r 

Tochcck thw jni^ví wt can aliemaiivcly cumulcr the fc*co*on Ihc boitom hoJf uf the rope plui the luvvcr btock 
takcn logelhcr a» 1 combined objecl (m ■ 2.00 kg * 5.00 kg ■ 7.00 ks? 1: 

í. = «tí M) = 100 kg(9 + 80 01 V * 3 .53 m* J ) - W.3 N. 
■ ■ checks 

llKurv 4.54f 




4-11 



EVAUMTE: The tcttwtn in ihc rtpe U ikiI con»iant bul ¡ncrca&e?. fnwnthc botioraof therope tothe top. The 
tensión at (he lopof Ibe rope mu*t accclcrale ib: ropc a* wdl (he 5 03 kg bbek. The lemton ai thc top of thc rope 
i* lera Iban t\ (hete nuHihcjwi uprad forcé on (he &00-kg block. 
4JSL lofAiin: Appty Y ^-mtf tothe barbel I and (o thcathlcic. Vxt themotionof ihc barbel! lo calcúlale üs 



Up: Lct +y beupward. 
i i 1 1 : (») The rrec-body diagrarm for thc baseball and íbr Ibe aihlcle are ikctchcd ¡n Figure 4,55, 
(bjThcithkie^v/eighti* nur-1900 fcgXMO m. V) -KR2 N The upward acceleration of ibe barbell i* íouná 

Prora v-jv-vW+td/. <i = - ^ ft60 ° ™> ^tufro m% ¡ . Thc forcé needed lo lili thc barbel lis given 

by^-u^^ju .:. barbell i- (490 X).'IMD iw'^V 50.0 kg 4 » 

F t( -H^*ma-*9OS + {50Q kgM0.469 m V)-49Ü X * 23 N -51 J N . 

The nhWic ti rx* aceclcraiing, *o F<^-F u - w*^ - 0. = * h ^ = 513 X *SH2 N - 1395 N . 

EVAUUTE: Since Ibe alhlctc puthe% upw arü «ra ihc barbell with 4 Toree greater ihui id wcight ihe hube II pushes 
down on hini and thc normal forcé 00 ihc aihleie t* greaicr than ihc tota) weight* 1 362 X, oí thc ¿(hiele plm 



4,56* iDEvntY: Appty ^ f -mtf to (he baltoon and it* pawngcrs and cargo* bolh belbre and allcr 
droppcd metboard. 

Skf Up: VV'hcn thc acceleration U ckwnward lake +j> 10 be oWnwsrd and vvhcn thc 
■t^* lo be upward. 

Euxrr F-¿ (a) The Ircobody diagram for thc de^cendrag balloon i% civen in Figure 4.56. 
L ¡* Ibe lili rbree. 

«Sf; = * »v« J4r~j>jf(r.<3) .... í 2.14 i 

4c > Now *i h upward, *o¿-mg '2),whcre « U thc Ni retro irang 
I :u ■ ■ u . ÍV 9 mus) be Aopped overboard 

EVAUUTE: )n part fb) the líft forec 11 greater iban (he total wcighi and in pan fe) Ibe lili 
wsighL 



forcé i* leu than ttx 



Y 

I fcure 456 



457. 



iDEvriFY: Appty V f - ma u> thc cniirc chain and lo cach link. 
Si:f Up: «i - moxsof onc link, Leí *y hcufmurd 

Emxi ff.; (a) The frce-bi>dy diagram* are iketched io Figure 4,57, U ibc forcé thc too and muidle link» 

exetí on ejeh other. ^ i* ihc forre thc middk and boittim link* exert on cach olhcr. 

(b><i) The «vighiof caen link i* mg -(0.J0O kgM9 ♦*» m V) - 2 94 N . Uwng the free-bedy diagram for thc 
wholc 



.i 



-3uh? 12 N - 3(2.94 K) 3*11 N 



3.53 mi 1 i 1 



¿oí 0.900 kg 0.91X1 kp 

1.53 m/* J , *o t* m j m ~ m & ■ 



fu} The ton link ata» 

* ^<w- -aKf +#)» 12 N - (0.300 kgM9.80 mV + 353 mV) - S t 0 N 
1\ ui mi : Thc forcé cxcrlcd by ibc muidle link on thc bottom link ¡« given hy F m ^^ - mg - ma and 
F rMr ■ nríiT 4.0 N . We can verify that wilh exir reoilu ^ A* ■ «id, ¡* «ati&licd ibr thc middk link. 
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Figure 157 

45S. loEvnFV: Calcúlale * from á -d*r ¿di 1 . Then F w =ma. 
SefUP: u-mg 

E\*:t iri-i DirTcrcniialing hvicc. the accclcration of ibe hcliconlcra* a funciHtnof time i* 

■ -(0.120 m>Vtf-(0J2mV>A and al í - 5.0* , the accderalion i% ¿ -<0.60 m -(0.12 mV)* 

The forcé ¡& Ihen 

r-nw-— ¿«* 275 * IQ ^[(Q.tjQm.Vli-iO.n mfc*lftl- (1*7x10* W-p.Jxllr 1 N)í 
g fMOwi ) L J 

EVALUATE: Thc forcé and acccleration are In the same dxrcction Thcy are bolb lime 
4-59, iDEvnn: F. - mir and a t -^4. 



C\f c i'TE; The vcfacily ai a lunction of lime ti v,(J) = A-ZBt' and the acccleration as a funciHtn *»f time is 
íi ( (f)- .and *> the forcé ai a lunction of lime i* fl(í) ■■(!) fiujH 
EVALUATE: Since Ihe accclcrabon ¡* along Ibc.v^xb* the forcé i* along ihe 
4.n0. iDfcvnn; «-F/m. v-r # *Jjtf<rr. 

Up: v, -0 lince the objccl u úuiiaLly at reil. 

ta) - 1 í y ^ - i j A.*/ + 

ift Jv wiV 4 

EVALUATE: F bai boih xand vcon^tonenti. .so » dewlopi # and r componente. 
4-61* lotMiM : Follow the xicrn ?ftccif»cd in thc problcm. 



lAn ui; 



L'p: Thc chaín míe ibr 



dv di* dv dv 
V(% — = — v 

di dxth dx 



4-20 í h jpirr 4 



Cxfc i'FEi (u) Thccquotion of rnolioo, -ÍV = m — cinnolbe tnlcgraicd with res pee t lo lime* ai ihc uninown 

dt 

C dv 

ftincttoci vil) ta part of thc mieurand. The cquotion miui bv .víyu/aía/ Ivfotc inicgration: that -—J¿ - — 

«i *^ 

O 

rtl V V 0 * 

Ahcre v t i* ihc cornual of nuegr aiion that give* v- \\ at ) -0 . Noic üiat ihi* íocni show* that if r É "0* diere ix 

I — i» — I 
* Ui 

ln| » * |. 

Toobtam \ a* j functíon of w thc time / mu*t be climinatcd m favor of r; fn>m (he expresión obtained artct ihe 

(h) Apolying thc chain role, V A - *ff — - mv — . Uñng thc viven expraukm íor thc oet forec, 

di iír 

EVAUUTE: If C Íi pmitiw, our expressioo for míI xhowi il dccrcasc* Irom ¡ti valúe of v # . A* v decrea*c3, «o 
dot* Ibc accelcrciiHtn and thctclbrc thc rale of dccreaic of v, 
4.61* Jik v un: í - J \ L rf; and r - 1 ii.Jf , aod similar cquaiions apply lo Ihc v<ortiponcnt* 

Skf Up: la thn %¡tuaiion* thc x»cocnponeni of focce depend* cxplicitly on thc j^componcni of poiihon. A* thc y- 
cotrftoncnt of foroc \% givcnai an explrcil functíon of lime v, aod vean Iv louod a& füoction* of time and med in 

thc expretnion for a¿i). 

i \m i 1 1 : ■ -{k t Zmü* and . (i 6mV ' , whete thc imiuü condibom v Cl = 0\y # -0 ha>c 



been uicd. Tl»cn«. ihc cxprcMiorM fot a ,v and r are obuined ai lunctiomof time; a 



vi om 



4 m 24»r 2m 120«r 



EvaLUaTE: a dependí on time bccau*c il depend* on \\ and \ » a functíon of lime. 




APPLVING NeWTOVs LaWS 



5.1. lof-vim: ti - í) fbr c ach objccl* Apply -mu toexh weighi and fci (he pullcv* 

Sur Lp: Take + 1 upward. Tbc pullev has negbuiMe nms Leí r be (he tensión in the nape and ki T he ihc 



i the cbauv 

Iam ui : (u)The i":-- bodv diagrarn fot cach wcighi i* (besante And ¡s jpven ¡a Figure 5.1a. 
JV,=nw ( gira 7>w=25.0N 

(b| The free body diagrarn f« ibc pulk> " 8<*«» »» 5*1* ^ - 2T, *5O0 N . 

EVAUUTE: The ten 900 ¡* the sime at all point* along (be rope. 

7 f 



5.2, lotvn*\: Apply /* - to eaeb wcight» 

Su I >; I»ut forcea ael oneach m**s: u dotvn andf(- k) up. 

E w;c 1 rt : ln all cate*, each stnng i* *upporixng a weight w agamí* gravity. and ibe lension in eaeb itring i* w. 
¥.\ u 1 u i : The tensión is ibc «ame in all (hrec cases* 

5.3, lo&vnry: Both objeets are al rest and n - 0 . Apply NVwton** fir*i law to (he anprcfiriate object The máximo 
tensión J^ w is al Ibe lop of ibechain and the mínimum tensión n at Ibc boitom ol the chaüv 

Skf Up: Let * r be upward. For Ibe máximum tensión take (he ob>ccl tu be ihe cham plus the balL For (he 

mínimum lension (ake (he objcri tobe Ibe bal! Por the tcn*¡on rihree-lburthsof (he way up ftom ibc hotlom of 
(hechaín* lakc ihe chain bclow this poini plu* (he hall 10 be (heobjcel The rrce-body diagrama ¡neach of ihesc 
(bree cases are sketched ta Figures 5 Ja. 5Jband5Jc* ^ r - 75-0 kg* 26J> kg - 101 0 kg. *w t -75 0 kg .1» i* 

(he mas* of ibrce-ltuirth* of the ehain: m ■ ^(26.0 kg) - 19,5 kg . 

toOff» (i) From Figure SJa. = Ogtves -*mj=0*>d T^ = <I0IJ) kg)í*S0 roV) -990 N . 

Froro Figure 5 £fj = 0g¡ra 7^, -Oand =<71Ü kgK*80 mV) = 7J5 N > 

(b) From Figure 53c. Tf t = 0givcs r-|m*«Og = Oand 7" = <I9.S kg * 75.0 kgk*»S0 inV}- 926 N . 



? 1 



5-2 C/hitpirrS 



Evaijuto The 



ihc cham 



brttom tu ib; lop ofihc chuin. 
T 



Ideviif\: Apply Ncwion** 1*1 law to thc penon. Lach half of Ibc ropeexerta a force on hmx, dircctcd ¿Umv 
rope and cqual lo ihc icruiott r in thc ropc 

Sin Up: (al Thc force ducram for thc person b giren in Figure 5,4 



í and r¡ are thc 

EcniiccH ¿ncachhaJfof 
thc tope. 




nn hoth *idc* of iht person ) 



Ext CUTE; "0 
f]m#-J¡cW#«Q 

Th« *ay* ihai j; i Tj = T <Thc ien*ioci » thc » 

/; nn 0 * T¡ Un 0 - mg - 0 

Rui 7>7>7\ »2Ttm0*mg 

2*in0 2«inia0* 

(tt) Thc rclalion 2r*in0-HW¿f tfill applic* hri noiv wc are g¡vcn thal I - ^ 5o - 10 1 \ (thebrcak¡ny*ircngih) 
ue ukcd lo find 0. 



imtf - — - 
2F 



2(2.50» llr N] 

EVAU ui; T - mg \2%m0) myithat wtien (rope w vcrhcall 

f-tx when 0 -*0 sintc ihc upxvard componen! of thc tensión becomes a \maJlcr fracúon of thc tención. 

Idea nn : Appty Y í - to ihc frarnc. 

anule ulib Ibc vertical Ibc lena 



Sr.F t p: Lct u h be thc wcighi of thc iramc* Smcc thc rwo wire* irakc thc 
i*, thc *amc in cach wirv. T ■ Ü.75n ■ 

Í'xcctf E¿ Thc vertical componen! of ihc torce due lo thc tcnuon in cach wírc musí be Kilf of thc wcight* an 
ihb in tum i* thc tomón multipUcd by thc ecuinc of Ibc anglc cach wirc makei wiih thc vertical* — ■ ——co\0 

ind . k . ' ■■ - ■lít p . 

KVajxafe: If 0-O & , 7" = vrí 2 and T-* uní 0 > W Thcicfore H there mu*l be an mirle where T = $wf4 



AppItingNcMii'JI»» M 



5*4. lOEVTin: Apply Newton** Ui law ti> (he cor Tbe forcé* are (he same jw m I xjmpk 5-5 
Skf Up: Tbe frecbody diagram n «ikctchcd in Figure 5 6 



l-AHl ll: 

fecuí* * *t*ina - 0 
Tcmrr - n iin« 

I',— , 

fívoit/ t- T\ma - h 




Thc Unt cquation gívei « - 7"| CT * q I, 

Use (hú in (he sccond cqualion id elimínale «: 



ir 4 r&ína ■ *■ 



Multiply th i* cquation by sin^r: 

7 r ■ ■■ n 47) - ■ -ir. ■ - 

T~wuna («inte co» J a *Mn : a - I ) 



na 



fe)' 



EVALUATE: Thcic repulí» ¿re ihe lame aiobtaincd in Kxamplc 5<5 + Thc chotee of coordínate i*es iiuplous 
Somc choices may trukc ihc cakulaiion cancr* bul (he rc-tuh* are (he «ame fe* itry choce *>f axev 
5.7. iDEOTirY: Apply ■ m* to thc car. 

Skf Up: U*c coordínate* with *.t parallcl tothe sur toce of the *troeL 

IMÍ ITE: -Ogiva T-niaiO. F - «?«níí -<I39Q keH*> SO m*. UmP .5 - 4 .1(1-. III' \ 

EVALUATE: The forcé rcquircd h le** (Km thc ivcighl of thc car by thc factor sinn . 
5A iDEvmv: Appty Newton** 1*1 law (o (he wreckiflg ball Each cabk exert* a Ibrce oo thc balL directed along thc 
cable. 

SKF Up: Tbe forcé diagram for ihe wrccbng hall U *kctchcd in Figure 5.8. 

_v 




f *it|ilf 



EXIXITK* 



tan 5¿ 



7¿ = — = - — 

ib> -u, 

EVALUATE: )f thc anule 40" ¡s 



-5*23* lo 4 N 



by 0' (cable £ i* vertical}, iben I¡ . - and T =0. 



5-4 < hu P (tr 5 



5.9* iDEvnrv: Applj V F - «a to the obfect and to thc knoi whcrc thc cordi uv jomed 
Skf L t p: Lct 4jp be upward and rx be la thc right* 

IAmuh (m) T. - n r. saúO*-* T*%m4$*-T t = *: and r 4 co*3CF- r.ci»45 fl =0 Since *in45*= cm45* 



id\1ing ihc latí twocquotion* give* r,<cc*30* t unJO*)- and*o T 



-0.732*: Thcrt 



1«r 



coi4S a 



(b> Similar lo partía), j; = vr, -r 4 ca*60*F 7^*^45* - u*. and r,Hn60*- 7i«te45*-0 
Addinc thc%c two caualioitt* 7\ ■ 



DOÓO 0 

■ 2.73ml and IL«r. = 3JSw 



<*¡o6Cr - co«6<n co*45° 

KvAi-i aff.: In pan (*X r< > H + »nce only thc vertical componente of r,and 7^ hohl ibc objeci agaimi 

gtavíiy. In part tbi, *¡ncc í\ ha» a áWnwird component i% grcalcr than w, 

É.IO. lores nn : AppH Ncwkm** finí Uw to ihe car. 

SKF L t p: Use x and y coordínales ihai are parallcl and perpendicular lo ine ramp* 

tu<t n: la) The rrcC'bodY diagrarn for ibccar i* given ¡n Figure 5.10. The vertical wcight u and ihe Icn 
in ihe cable have euch been replaced by Ihcírx and y componente* 

!la|)IJ0kgM9.fi0 wthf) 



[b> 2./' _ogne* rco*^KO"-w«n25.0 & -Oand f 



¿os.* 



[<} - Opve* fl + r*ÍQ3I.Q*-h'C«25Jf -Oind 

v : i j' MnJI O'-i NISnkglI^KO m.Vjco*25 0 L ~{5460 Njun3l.0* = 7220 N 
Eyaixafe: We could aUo use coordinales thai ore hotvontal and vertical and wjukl ohUin the same vatuesof a 
indr 




5.1 1. iDCSTirV: Since ihe vcloeity i* conslani. appry Ncwton'% íir*i bw to the piano. The pu*h appbcd by ine man 
muit ooposc Ihc cotnponeni of gravitv doun the incline. 

Si r UP: Tbe frec-body diagrarn* for the two cate* are *ho»n in Figure* 5 .1 la and b* F i* thc forcé applied by 
the man. Use Ine coordínales «boivn in the (leure 

EXICITO (ü> TF 4 -Ogive* F-H«nlL0*-Ouid F ■ (ISO kgMMO ni 1 )»)! 1.0* = 337 N . 



(b) YF m Dgive* «coillO"- h -Oanü n- 



; m | L<r 



YF ^Qgtvt* F-n*inll,0*-Oxid 



in 1 1 O* = H'tanl ÍJf = 3IS N 



Appl>in* taran'*!»» M 



EVALUATE: A «Jighity 
ihc incline wctv larcci* *m 



forcc i* rcquíred whcn thc 



n pu»hc* pmlld lo thc hW If Ihc riope anglc oí' 

hi-[L '.wiu'.:I hj i'itL 





iv*íw* lur.illrl ni indine r*»*lvi nmíU M fruir 

liturcSJla, h 

1.12. Id*aiuv Apply Newton'* 1*1 law ti>thc hanging ivcighi and tncacb ktKH, Thc leiuvon torce al 
*lring i* ihc *jmc* 

<a) Let Ihc Ictiwm in ihc thrcc *lring* be T % T\ and 7". a**rHiwn =» Fiüurc 5,12a, 




Fí*urr5.I2u 

Si:f UP: Thc frecbody diagrem Ibr thc block i* giren in Figure 5,12b. 



Km mi;: 

r* — *i — 6o.o s 



Skf Up: Thc frcc-bndy dijeran! Ibr ihc lowvr kncri i* given in Fiiíurc 5. 12c, 





r«n45*-r»o 

un 45" Bft4P 



í-á ChupirrS 



[h) Apply 5^ i\ - O ti> thc toree diaeram for ihc lawcr knot; 

- 7"ca*45° - (84,9 N >cca 45* - 60.0 N 
Sur L t p: The frccbudy dia^Kun Ibr ihe ufipcr knol « given in licurc 5 A 2á. 

EXECLTK: 

7"co*4S*-f>0 
J}*(84.9 N)co*4S* 

PlgmSJU 

Nc*eth*l F t *F y 

KvaI-I aFe: Apptytng J]F =0 w> thc upper knot give* T* - r*i«4S p - 60 + 0 N - m\ If wc ircat ihe *htík 
tv*(cm a* a «tiglc obicci. thc forec dugram i* civcn ¡n Figure 5.12c. 




lli¡urc5J2c 



J> * o give* * ^ «tticb checb 

Tf ( - 0 gives r* - h; which chcefc* 



5.1X Ioíaiim: Apply Newton** íir%i bw to tlw tal L Thc forcé of Ihe wallon thc baü and thc forcé of ta? boíl on thc 
wall are reluted by NcwloiT* ihinJ faw 

Sv.f V?z Thc forec* on thc hall are rt* wcight* thc tención in thc wiro. and thc normal forcé ¿pptied by ihc wall. 

To calcúlate thc ancle o thai thc wirc niake* wiih rhc wall. u*c Figure 5.13a* rin^- and ó ■ 20.35° 

46.0 em 

t.vi < i 1 1 : (u)Thc freC'bodY diagrum tí thown in Figure 5. 13b* Uic thc x and t coordínate* thown in Ihe figure 
¿* * * v cw^ cot20J5° 

■■'•i -Opve* Té*4-*mW m it-(470N)*Ío20J5 fr -l63N.ByNc»icn^ihird law, ihc forcé thc ball 

c&crte on ihe uall b 163 N, direcicd ti> thc riuhi. 



EVAUFAfK ir- 



nn^fr- toiand . A» thc vigíe 4 



[by inctcaHtig ihe Icncth of thc wire). T 





ri E tirr5J3*.h 

5.14. iDEvnn: Apply Y F - mi ti> each block. j - 0 

Si rl p: Takc +v pctpcna»cular lo ihe incline and +r rurallcl lo thc ndína 



Appl> mí X»w'i lawt M 



EXECirrt; The frec-hody diagram» for caen block, H and o\ are given in Figure 5,14 
(■) Fix B* -mii t givc* 7] - n»ino; - 0 and J¡ - w*¡ni? . 

(D,Forb1ock/l. X F * imd * * v « TI-Tj-irsiiitf-O and J>2**¡mí + 

|c> ■ ™p for cach bloc * n t - n, - h*co». 

(d>For a-tO* 7¡ =7", -*0 ind a, -n^ -» w. For a-* 90*. 7¡ cir. T¡ *2n* 
EVALUOTE: The tui> tcn»¡on» Are diflerem but ibc rwo normal (brees are thc 1 



1,-1 





Ffenrr 5.14», h 

5-15l IdeviifV: Aoply Ncwion* fin.1 latv to thc balL Treat ibe hall a» a parúclc* 

Skf Up: Thc forceson Ihc hall are gravity. Ib: icn»ion in tkc wire and thc normal (bree txened by thc »urfacc* 
Thc normal forcé i» perpendicular lo Ihc ¿urfacc of thc ramp. Use 1 and y axc» ibai are horizontal and vertical* 
Exixi fkí (u) Thc frec-body diagram for Ibe hall 1* giren in Figure 5*15* Thc normal forcé ha» bcen re placed by 
il» v and y componen!»* 

fl») Vf -Ogive* * co* J 5.0' - h - 0 and /j - — mg ~\22mg . 
' co»35<0 

í¿) £f>0pve* r-itiinJSO'-Omid 7" - (I -22mgltm3$Jf -(UOO-nj . 

I*\ Al t afk: Note that Ihc normal forcé i* crcaicr iban ibe wcight. and incrcaic» without limit a* thc ancle of thc 
ramo ¡ncreases totvardt 90" . Thc tención in thc wire t% titán cK where i» thc anglcof thc rampand T j[u> 
increa»c» without limit a* ¿ > 90' . 




Figure 5.15 

5.16. IdevtjíY: Apply Newton*» nrcond law to ihc rocket plu» itt contení» and lo ihc nowvr *upply* Dolh ihc rockei 
and thc poivcr supply have thc tamc accclcralkm. 

Skf Up: Thc frecbody diagram» ttr thc rockcland for thc potver *upply are given ln Figure» 5. 16a and b Sincc 
thc highcM alutudcof ihc locket i» I20n\ it i» ncar tothe »urfacc of ihc earthand there i* a downward gravity 
Ibrce on cach object* Leí +y be upu¿rd T *¡ncc that i» ihc dirccikinol'thc accclcration. Thc power supply ha» 



mas* .r, il^M.Wm^ t I.^Ll- 



fl-H <h4 P (tr5 



tMCi FE; (n) y^F. - ma t applicd tome rocket gives F -m t g -m t a . 

* 125 kg 

(b) = «tu, applied to thc po*cr tupply gira ií - ai^f = «f^d . 

*-<^(tf»tf)¿Ml 58kg>r?S0 rn^+í^in^sIlJN". 

EVALUATE: The acccleration w comunl wbile (he ihrutt U con*lant and (he normal (bree 
acccleration ncaubmt. The alinudc i>f 120 m b nni u*cdin thc calculation. 

; 



... 



"pJ 



npKMk, h 



5,17» iDEVtlFY: Use ihc kincmauc informaium lo find thc accclctution of (he capullo and the siopping lime. Use 
Ncwton's second law io fine) the forcé /*thai ihc cnmnd exerted on the capsule durinc the cru&h. 
Si:f Up: Let * r be urnvard, 3 ) I Uh ■ B6.4 mi . The frec-body diagram for (he capsule ii given m 
Figure 15.17. 

I- \n i n : «-«10 m . v # , =4M^, v -Ü. =»¿ +2d p (^- v # > give* 



2f>-J' É ) 2HMEI0)m 
(b) ■ mü applied to (he capsule gives F -mg-ma and 



Fim ; - 



2(v-i t ) 2i-«IOttil 



Ü 1 mi,* fG 



EvaiA'aFE: Thc upwani torce exefted by thc crixutd is much larger (ruin ibc woght of ibc capsule and siop& ihe 
in a shori aniount of time. Aftcr (he capsule Kis come to k*u (he ground Mili exert* a forcé mg orí thc 
. but me Urge 9.00*10* N forcé isexened only for0.01»7 v 



figure 5-17 

5.18. iD&vnFV: Apply Ncwkm's srcond law to ihe ihree slcdi takcn together ai 4 compoxilc object and lo cach 
individual slcd. All thrce sledi have the same horizontal acederatian */. 

Si r Up; Tbc frcc»body diagram Ibr ibc tnrecsled» lakcn ai a componte object is given in Figure 5.18a and for 
cach individua] ilcd in Figure 5lHb-*l. Leí *.y be to thc nehL in Ihe direction of ihe accclcrauotv hi bi -60.0 kg 

Exctrr E¿ (a) ^,F t - ma f fttf ibc ihrce ilcdi as a componte objccl givci /' - m_.u and 
60.0 kg 



Appl> ni.- i Uwi 5-9 



(b) ^ f F t -*utf 4 upolicd fci (he 10.0 kg *lcd givci P ~T t - m it ú and 

r 4 sf-^«a 125 N -(10.0 kgH2 08mV>-104N ^^««^ appiied lo ihc 300kg*led giw* 
T # ■ m^fi m (30.0 kgjaoft mV) ■ 62.4 N . 

EvauiaTE: If wc apply Vf ■w j to the 20.0 kg *lcd and calcúlate i/ from r ( ¡rod T k round In pan <b) t we gcl 
T -71 IMX-62.4 N 



20.0 kg 

5 



- 2-0K nii". wh*ch auree* itifhite vjluc wccalculatcd inpatt (a) 



1 


- 




n 







i *i fe lid 



5-19, lokMWV: Appty ¿^/ -mfl to Ihc load ofbnck* and tothc 
*if ihcropc. ThcropcpulUupwiththc winc íbnre (Oon 
accckratct tkm nward and ihc fcock* acccicratc upwjni: 
(a) Sm l>: The frve-lKKlv diacram* Ibr ihc bnck* and couiticrAvighi are given in Figure 5 19. 



The 

iccckration& luí ve thc 



: \anx at each end 
The countcrwcight 




V 

Figure 5J9 

(fe) ExKCIff K Appty ^J"* ■ toeacbobjccl Tbe accclcralton roagruludc u thc %amc for thc twoobjecl* 
For Ihc brkka lakc i r lo be upward &¡ncc fot (he bnck* i* upward. Por thc counicrwcight lake *y lo be 
downwanJ «inee á i* ikwnwanl 

Add 



U^J* U50kg^2KOkgj l 



«r-m^iw^ give* r^« ( (ai-ff)^n5.0kg)a96m* ; i-9.g0niV)^19IN 
Asa check calcúlale fuiing Ibc other ciruaiioa. 

mg-r-ma give* f-wi*: üi X» kg*9.K0 n* 1 * 1 -2.96 m* : )- 191 \, wbichchcck* 



MÜ Ch*pttr5 



EVAUurE: The Knoon h 130 lime* (he íreight ofihc brxkv ihi* caiiNC* thc brick* lo accclcraic urniard. The 
tención n 0.696 time* ib: wcight of (be counicrwcighl: ihi> caute» Ibc counlerweighl lo actclcraic downwani If 
m % =m r and T-m^-w^ !n ék *pecul caar ibe objecb cWt move If * -0\<i-£*ndr-0;in 

thu *pecud cw ibe counterwtighi í% in free-fa1l< Our general rc*u*t i* corred tn the*e rwo Recial cjuci. 
Idevtiít; ]n pan (a) uic ihc kincmatic mlorroation and (he conitant accclcrabon ct|ua(ion¡c lo calcúlale (he 

acccleration of Ihc ice. Tben apoly — ™ . In part fhluic ^uitf to fino* ibe accclcralion and ihi* ¡n 

(he con*iant accclcralion cquaiiorH ta finó ibe final inccd. 

Sn Up: Figure* 5.20a and b give thc frec-body ibagrairo for Ibe ¡ce both wilh and uilhoul rnci™ Leí +x be 
directed ckwn ihc ramp. *o +y is pcrpcntUcuUr 10 inc ramp turíacc- Let /be ibe angle bctwccn ibc ramp and ihc 
hon/ontal. Thc gravily forcé ha* been replaced by iisx and j comnonenta. 
EXKCirTE: (■> *-x # -1.50 rn , v,^0, v t -2i0m«. r¡ "i¿ »2a.U- *„)give* 

— — 108 mi . > x\ -aw uivc» ^Kin^-m Jinü sin/-— = 



■ 2l>-x # > 2|1.50rm 
¿ = I2J°. 

|b> -w^gives JU£un/-/-maand 

■wiMini*- / líOQ ktíü'* .MJm* : |«r»i:..* - -10.0N 



g 9.80 



Then jr-j^«l.50 



« 00 kg 

1: i0. n. -0\S38mVand *¡ H 1¿,+2fl l ÍI*-:Cl 



r. * J2ajx-xj = J2<0.8JR mV n : .50 mi - 1.59 nVi 
EvaumFe: Wilh friction prctent ihc speod at ihe boitorn of ibc ramp n k^*. 





i itnrr 5.2r>a. h 

S.2I. lot-vim: Appty /* ** W tocach Mock. Each btack ha* (he %amc magiuiudc of accclcralton d. 

Skf Up; A»umc (he pulley t% lo Ibe right of (he 4.00 kgblock. Thcrc is no friction forcé on Ibe 4.00 kg Mock 
(he only forte on it is thc tensión in ihc ropc. The 4,00 kg btock ihcrcforc accclcraic* 10 ihc righi and ihe tus 
block acccleiatci uimtiward. Let +x be lo rhe right for (he 4.00 kg block, s*i lor 11 u - 1: . and (el * 1 be 

dmvmvard for (he suspended block. 10 for il tr # - tr . 

Exíti :jiz (a) The ftee-bady diagrama for cach Mock are given in Tigures 5.21a and b. 

4b) ^-«^awliedtotlw^OOkBblcckgive» T M4.00 ^«d o , tS¡£" "° " 

M 51 '* " ma f ^PPIkhI lo (he *(UNpendcd block giVA «iy - T - ata and 

— JL- IftON 

g-ü 9.80 m>V-15Qmv 

(d)Tbe weightof the hanging block U au; -(l 37 kgH9JC0m«'>-13.4 N . Tbi* i» greater iban thc tensión in thc 
rope; T -Q JSmg . 



AppIyiRg.Ncwion'aLaws MI 



EvauiaTE: Sincc ihc tanuwjj Mock jcccleratci downward. thc net 
ihc wcight oí thc hanging block mtitf be crcaler than Ihc leruion in ib: 
matlcr how imall m iv ll a not neccHary (o have m > 4>QO kg , and itt 



cin thü block mu*i be dWnwaid and 
Nole that Ihc Wnck* accclcrale no 
n thn problcm ui U lc*s ihan 4.00 kg. 



Fífftrv 5.2la. h 

5.22, IDEVTIFY: ía) Conñdcr both glidcri together a* a single objccl* apply - *wa . and lolvc for & Use ama 
con&iant accclcnilion cquatKtn 10 fmd thc required rtinway Icngib. 

(b) Apply - má la thc sccond glidcr and *olvc Ibr thc tenwn í* ( tn thc umiopc that conncel* thc rwo 
glidcr*. 

Su Up: In pan (ah tci ihc icnaion T. in thc Iootopc bctwccn ihe plañe and Ihc firsi glidcr cqual lo ¡ti máximum 
valué* J -12.000 N. 

E\i;c i fk: (a) The frec-body diagram for both clidcrs ai a tingle object oí mase - 1400 kg isgivcn in Picure 

5.22a. YF=m* gires r-2/ = )lw)g and ^zV.^OOP N-S0Q0 N ¿ , 
¿* * ' B 2w 1400 kg 



- íttimi. v =0 and v - 40 m* in *2ít (í-j | givo (*-x > = 



p!-i¡ 



(b) The Jrec-body diajirani for ihe «ccond glidcr i« given in Figure 5.22b. 

¿f. gfr« l^-/-"M and r^/*«ú-2500N»(700kgK5.00mV}-fiOOON 

Evajxaf» : We can verifv Uut J\ ■ ma h ¡s al*o ¿aibficd for thc lint glidcr 



lifurr 5.22a. b 

5,23» iDf-vim: Tnc máximum Icnsion in thechain 1* al Ihc ion of ihcchain. Apply *¿^F to thc componte 

objcci of chain and boulder. U*c Ihe coiuciant acccleration lüncmalic cquaiiona lo relate Ihc accelcralion lo thc 
Skf Up: Lct *y be uptvard. The frec-body diauiam for ibe comnoiitc object U given in Figure 5.23. 

7 = 2.50*^. m M =^tm MM ^l32Skg. 



EXf.ttTF: (■) — gives T-m^g - w w tí . j 



■■ 2J0|5Btj -l b9.IOmVl>ai32 mtf 



1325 km 



M2 Ch*pirr5 



(fe) Aoumc thc accckralion ha* its máximum tiluc: a t - 0.832 roV , v- r t - I2S m and v t . -O 



ELB32 n¿V 

EVALUATE: The lenaoo ¡o Ibe chain U r- 1,41x10* N and ibc lora) wcight is 1,30x10* N . The upward forec 
execed* ib: douinvard forcé and thc accckration is upward. 



t 



4 



r i*ure 5.23 

5,24, Ideviifv: Appty " W tothe componte ofcjeci <rf ckvalor phi* rfudcnl (m u - &50 kg ) and alao to thc 
sUklcnt ( w ■ 5S0 N i Thc ckvalor and thc tfudent ha ve Ihc sanie accckralion* 

Sel L>: Lct + r be upuard* The Irce-bndy diagram* Ibr Ibe componle objecl and Ibr Ibc ¿tudcni are given ¡n 

Figure 5 24a and b + T is ihc tcn*¡on tn thc cable and n i* ihc *cak readingr* ihc normal torce thc «cale exerts on (I 
iiudcot* Thc rna** oribe studcni i* m - n g - 561 kg 

ÜXKCl'TF-^ (a) ^F, ~ma, applicd lo ihc «iludcnt grves n-my m -ma t . 

a £ a 450 N - 550 N ,_ | 78 roV -r^ c ^ ator ha* a üownward accckration of I ,78 mV . 

M ir - 0 mean* a, - -g Thc studcni *hould *orry; thc elévale* i* ra free-raJL 
(d) ^F r ■ ma 4 applicd to ihc coropoxitc objecl gtve* 7"-J«^g -at^d . T~m í ^(a l Inrurt (al 
i ' l . i : " i ii mV>-6H20N + lnnart(c) t a - -g and 



lun.ui; mparith)* T -<X5D ka \\2A4 m 



50 X * Tnc wcitíhl of Ihc ciraipoulc object 



MJi) N. when Ihc acccicration i* upward thc tcn»on i* ¡¿reate r ihan thc wciuht and unen Ihc attclerairan »* 
itm\ n ward thc icnsum i* leu than Ibc wcight* 

r y 



T 



j-iíiurt Ufa, b 

5*25* iDEvnFY: Apply f - nwi to thc puck. Use tbe ínfnrrnaiHra aboui ihc raoiKm lo calcúlale thc accckration. The 
tabk mutf slopc doun^ard lo ihc huhi 



L'P; Lct *x be Ibe anglc bettteen ihc Inblc snrnce and ihc hort/onial Lct Ihc ti -axis be lo ihc nght and 
panlld to thc ¿urfacc ofihe lablc. 

ExiiCiTE: -m*!. givci mgxma -ma, . The limeof travel Ibr thc puck t* L \ , , where l - 1 75 m an 

y . = 3» ros, j-i-^íttd r'give* a ^^ t *i»« * -0.0250 m 



2<2,5QylO J roKJ.H0mf«) J |_ 1 JftS 
9» na/i 1 1(1.75 m> J I 



Applyinp Nl ■ ■ Lout M¡ 



Eyaji aFe: The oble i* loe! in thc dircciton along ilx Icngth. lineo thc vetocity ¡o ihat direcbon ix coniunt. Tbe 
angk of xlopc to thc rigbi u *maH, *o ihc accderaiKH? and deflection in that direction are smaU. 

5.2*. IDEVTIFY: Acccbration and velücity are rclatcd by a # - í^- 1 Apply ¡T/ : - ma tothe rocket. 

Si:f Up: Lct *y be upward. The frccbndy diagram for (he rocket ix xkelebed in Figure 5 26 F ¡* thc Ihroxt 
forcé, 

I- \m i n : (■> v - At + Bt 2 . - A + 20i . AI f -0 . a -L50 envío A - 1.50 mr. Then v -2.00m. iai 

f«L00»give* 2.DünV%-0 MmVlfhOO *i t üti OOxj'and 5-0.50 nV*\ 

<b)AI r - 4W *, *j -1 50 m x J * 2(050 mx'K^W*)- 5.50 nrt 1 . 
<c) ■ "i**, applicd in (he rocket givc* T * mg ■ itta and 

■ : i t, ■ . ■ i ■ 550 ittVl- 3,89*10' N* r-IJ6v. 

ídjWhcnn^LSOmx'* r * <2540 kgHMOnV +1.50 = 2.87*10' N 

Eyahafe: Duríng thc time micrval whcn i<í >- Ar - Bt' appticx Ihc maeniludc oí thc accelcraiton ¡x 
jjhI thc tluuit ík inernuins.*. 



► (ture 5.26 

5.27. lo&vniY: Coniidcr thc forcex in cach case. Thcrc ix thc focee of graviiy and thc foreex from objeet* thoi louch 
thc objcel in qucxinn. 

Síi UP; A xurfacc exett* j normal torce perpendicular lo ibc mrlacc. and a friction forcé* parallcl to ihc ¿urfacc 
Exf.CIíFe; Thc freobody diAgratra ate xkelebed in Ficurc 5.27a*r 

Eyaja'aFe: Fríction opposcs rclativc moiion hetwccn thc tv*o mrfrccx. Whcn onc nirlacc ix tiationary thc 
(rtvtHTtt torce on thc oihcr turlacc u dirccied oppoiiic to ilx moilon. 



h ib 



Figure S.27a c 

>,2S. Ioe.mim: £ £ // k AMid / 4 -ftit, Thc normal torce ir ¡xdetemuned by applying V/* ~ ^« to ibc btock. 
Normally, p t 5 . X i* onty as Urge ai il nccd& lo be to nrevent rcutiw mol ion bdwccn ihc iwxt «urfacci. 
Si r L t p: Sincc Ihc lab le i* hori^onuL with only thc block prc^cm 135 N. With thc hrick on tbc 
bínele, tt - 270 N É 

i mi i it : tu) Thc Oicbno i* tíalw for /* ■ 0 lo P- 75.0 N , The friction » kinciic for Z 1 > 75.0 N É 
(b) Thc máximum valúe nf t n $t n . Fmm tbc graph thc máximum / tíf^- 75.0 N , xo 

K - H^L - Z££il , 0.556 . /, = . Froo, ihc gnph. ¿.KLONanda-á- = 0.370 . 

<c) Whcn ihc block i* moving thc friction b kinctic «id has ihc conxiunt valúe / fc - ^« i independent nf/ 1 . Thix 
why thc graph ii hcmontal fnr T > 75.0 X . Whcn inc bktck n al rcxL j\ - Pxmec thix preventx rclative molton. 
Thú ix why Ihc graph for P < 75.0 N hax «kipe 4 1 * 

(d) max f \ and f \ i*nutd doublc. Tbe valúe* of / on Inc vertical axix vtnuld anuble but ihc xhape of Ihc graph 
xvLuId be uncrxutifed- 

l*\ Ai i afe: Thc ene fficícnt* of fríction are independent nf thc normal forcé 
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£.29. (a) ImimikY: ConMant *pccd ¿mplic* <t -0 t Apply Ncwion "* Ui law lo thc box. The ftiction Torce ¡*dircctcd 
oppo*iic id Ibe molioo oí thc box. 

SKF L'p: Comidcr Ihc Trce-body diagram Tor thc box. given m Figure 5 + 29a i_ct f be ibc horuonial Torce 



EXCC'LTK: 



|b> IDBÍTIFY: Now thc onty hon/antal Torce oo ibc box b thc fcinclie Triclion forcé. Apply Ncttion'i 2nd law lo 
ihc box lo calcúlale ¡ti accclcration* Once wc tuve ihc acceferation. wc con Tind ihc dittance usinjt a confian! 
accclcration cquaiion> Thc fñctíon Ibrce \% t\ ■ /^mg, Jwt a* in parí (a) 
Ski Up: Thc Trcchody diagram i* ¿kcichcd in Figure 5.29b, 



EXECITE: 

c -Ai ■ -fUQXMi mVi- -L96 mV 




IJ« thc consiant accclcraiii*t oauationx lo ftnd thc düiancc thc box travcl*; 
>; = IX v t .-3.50rn>*, ^=-Í,9óni'*\ 

EVALUATE: Thc normal Torce i* Ibe component oí Torce exerted by a suríacc perpendicular lo thc surfacc. Us 
magnitudc a determined by - Jn thiscasc n jJid^' uv thconly vertical Toreen and j - <i. no u - mg, 

AI¡to note ibat j v and h are pronori>oral in magnitud: but perpendicular in dircctum 

JJi. lOfcN nñ : Apply - nd to thc box. 

Si: r Up: Sincc ihc only vertical Torces are ir and w, Ihc normal Torce on ihe box cqual* ¡ti wcighi. Slatíc Trtction 
i* a* largc a* ít needs to be lo prevcnl relalivc rnotion bciwccn Ihe box and thc .surfacc, up lo it.% máximum potilbk 

valué oí = f^n . tf Ibe box i* aliding ihen thc Ttiction Ibrce i* r * - ti^it * 

ExxnrrR (u)ITiherc i* no applicd Torce, no f riel ion Toree u needed lo keep ibe box at rest 

<b) t *"' *i n (0.40) 10.0 N* L6.0N . If a horizontal Ibrce oTeVO N u apphcd lo ihe box. then />6JN in 

ihe oprHuile direction. 

(e)Themonkeymi»iapph a Torcecqualto , 

<d)Oncc thc box ha&4aned moving. a Torce equal lo / t 0 N rcrcquircd tokeep H mo\ing at comtani 

vdodty. 

EvaixaTE: ja < ií and Icth Ibrce muM be apphcd lo ihc box to maintain Íli motion than lo itari il moving. 



Applyñnr Nctoktt'x LftWi 



1-31, IdevTifv: Appty ^ f * to thc cratc. / 4 S /r.ffand Jt'/fcR- 

Skf Up: Let * r be upward and ki *.y be üi the direcuonof thc puxh Since (he floor i* horíxonul and ihc |xi*h 
i* hori/ontaL Ihc norma) forcé cqualx thc wcighi of Ihc cratc: a ■ mg ■ 441 N . Thc torce il ukex loitart thc craic 
moving cquab trox / and the forcé required to keep ii moving cquab f. 



IAm ii: irux / -313 N t «i v - 



441 N 441 N 

<b)ThernciK>n¡ibnetic. -jna.givc* f-JmMíod f-/, * 208 « (45.0 l. . n : 1 1 mV)- 258 N 

<c>(i) The normal forcé nowix -72.9N , Tuauv-ti (nmovc. F - rnax / = a»-<0.7I0K72.9 \>-518 N 

m - , F-f* 25BN-fA472H72.9N> (A - ,j 
(h> F=/ t ímoand <r- — ■ 45 0 k -"4.97 mx 

EvaUTaTE: The kinetic IHclion forcé ix independen! of ihc speed of Ihc object* On thc moon* (he dum of ibe 
ente ix Ihc «ame ax on canh, bul the wcight and normal forcé are lexx. 
?_32, iDCvnfv: Appty V f - iwtf ta the box and calcúlale the normal And rricnoo fbreex. Tbc coeftievent of kinclic 

rriclton is Ibe relio ¿L. 



Stí l. P; Let +t be ¡n ibedircction of motion. a t - -<i.*W m i . Thi-Kn hax irax* 8*67 kg. 

E\JXl rt.: The normal forcé hai magnitud? &5X + 25N-II0N. The frktion forcé. from /"„ - ma w 

/ fc = -itfiJ^20N-(S.67kgH-<l WnvVl = 2g N . ^ -£521*OJ& 

EvaJxaTE: Thc normal forcé ¡* grcaicr than ihc wcight of ihe box. because of thc ckmmvard comnonent of Ihe 
pwth (orce. 

>JX Ideaiify: Appty V F - utd lo thc compoxitc ubjcel conxixling of thc two boves and tothe lop box . Tbc fríciion 

the rampcxcrlx on thc lowcrbox ix kinetic frtcixm. The uppcr box docxn*! ilip re tal tve tothe lowcr box. u> ihc 

Iriciion bciwccn the two boxc* ¡x itatic. Since ibe «peed ix conitanl Ibe accclcration ih /ero. 

Skf Up: Let tx be up ihe nvllnc Thc frec*body diagramx for ibe componte object and for ihc uppcr box are 

givenin Figure* 533a and b. The ilopc ancle ¿ of ihc ramo ix «¡ven bv lan^- 2 50 m . mi 4-27.76°. Sínce ihe 

4.75 m 

boxex rnove doi*n ihe ramo, the kinelic fríciion fbrec exerted on the lowcr box by thc rarnp ¡x direcicd up the 
incline. To prcvcni i lippinc relame to the kmer box Ihc xtai»c fricción forcé on the uppcr box » directed un thc 
indine *n M ■ 32.0 kg 1 4X0 kg - K0 0 kg t 

EXKCt'Tt: (a) ^ / F t - tna t applicd to the compoxite object givcx - m M gcoí ^ and f % ■ f/ l m ¡M g&n& . 

^tr-^gxin^^Oand 

r-<xio^-// t cox#iíif M g -(»in27.76 t -|OM4 )m 27.76^80.0 kgM^SO MfV)-57JN* 

The penon rnuxi appty a torce of 57. 1 N\ dirccied up Ibe mmp + 

2tfJ£*«4 applicdio the uppcr box gh« I, - «i ? un>- (32 + 0 kg«9 SO rr*» : í«n27 76° - 146 N . dirccied up 

the ramp. 
EVAIUATl: For 





vi- > tu 



fta SJ3& h 
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fin». ihcn 



534. lotMirv: Use y^-m<T lo fmd (he accckralion ihat can he givcn lo ihc car by the kiattk friciton 

\t*c a conslant accckration cquaiton. 

Su i V: Takc *x tn ihc dircciHm ib? car ¡s moving. 

EXEClíTE: (u) Thí Ircc-bodv diagrarn for ibc car U *hown in figure 5.34. ' . ■ «u r g¡v« n ■ mg . 
£*\ |*Wi = nw ( . -a**-™. - -fkZ - Then >; -0 and v* = ¿ * 2ir ( (.r-iu, gives 

2ff, 2<0>SOW9.8OmV) 
<W - ^2^(^-^)^^210 25x^80 mVK54.0 m> - 163 rn* 

EvaixaTe: For confian! «looping dutance — ¿^U cooitaal and v. i* protiortional Ci> JtT . Thcanrocrio 



pan 4b) can be cakulakd a* (29 .1 m-iK».25 OSO- 16 3 mi . 

y 



i. . 



m 

t ígurt 534 

535* lot.MU\: For a given iniiial *pcc(L ihc dutance Iravclcd i* io vencí y proportional lo thc coclTicicni of kinctic 
friclkro 

Si:f Up: FromTabk 5.1 Ihc twctfkicnl of kinetk rhcltoo i* 0.04 for Tcllon on tfcd and 0.J4 for bras* on tfec! 

0 44 

Exr.tirri^ Thc raúo of Ihc dutance* fe ■ 1 1 . 

004 

EVAUMTfc: The &mallcr thc cocITicknt of kincik friction the ¿iralkr ihc rctarding Ibrcc of IVWiHHt, and Ibc 
greakr thc ¿looping dutance* 

534. Idevtify: Ox«tani *pccd mean* tvto acceleraúon foreacb btack. tf the block i* moving thc friction forec ihc 
tabtetofi exetu on il ¡* kinetic friction. Apply »mi lo cach block. 

Si r UP: Tbe frec-body diagrarn* and choicc of coordínate* for cach block are given by Figtaw 5.36. 
m¿**M kgand *, = 2.55kg. 

EXí.Ct'm (n> VF, wírh ff p - Oapplicd to block & giw* m ¥ g -T-Oand 7^25x1 T¡F, -nw. with 



j. -Oanphedioblivk ^ civc* T- L -Oand A -2>.0N . ií, ■ m jf ■ 45.(1 N and t/ k ~ — - 



/ t 25 



^0.55ti 



450 X 

(b>\™ kM be block A pluinV .j¡ . w «r, *> hU. n, - 90.0 N and /, -/i t n-(0.556H90.0N>-50.0N . 
Tf ( -«n t íorJgiw r- f K ^*t¿) í YF, -ma t for block gi\-c» m^-T-m^ú,. ^ for.í«|üik a. for 



*oadding lbcl*-oequalHíTM giwsH]^: r - < u aod ü # — — 



25.0N-5ÍJ0N 



m-*«- 9.lRkg*2.55k í? 



l be 



u up^n r ard and block $ slows doAvn. 



Applyinp NewktfT* L t wi 5-17 



EvaLUaTE: The cquaiton Mf,g - f k - (m, r*Uf)ú f ha* j *imple inlcrpretalKKi If Ixiih blucki are consideted 
loscilxr th:n Ihcre are hvo- exlemal fwce*: rtijg ihal ¿cti to mote the *v*tcm ooc wuy and / 4 ihal «tcfct oppnutch 1 
The nei Ibrce of iw.g - /. mutí accelenile a lolal nuu of m + w, . 





Figure 

5J7. iDEvnrv: Apph Vf -mu toeaeh craie. The ropeexcrl* forcé Tu> the righi on cratc A and forcé fio ihc left 

on crac ff. The larget >anabWs are the forro 7 and F. ComUni r implie* a =0. 
5KF I'p: The free-body diagram for/l i* tketched in Figure 5J?a 

EXUCITK: 

FlpreUTa 

Si:f Lip: Tbe free body diagram Por £ ¡*«kctched in Figure 5.33b, 

Enam 

En— , 

Finiré 537b 
U*c ihe lint cquation ti> repbee T m ihe %eeond: 

id f 

EvaLUaTE: We can aho consider boih cratc* togeiher * a xinufc object of rnai* » m¿ i - ma t for 

ihw combined object gíve* F - - A + ¡oaereemcni %vith our aniwcr in pan tai. 
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ÉJJL iDEvnrv: / ■ p t n . Apply -mtotl 
Sef Uf a - . iJ y - ma . 

lAmit: .í - — atiere ¿ » the ditfarKe covercd befare the whecriipeed it reduced lo hall* i t* original 

^ i 2ijr 8íg 
prcíaure. /. -IX I mami í * 33l>m %) _^ 00259. 

MtfipM^ £= 92,9 m and 212^^1^ -a00505. 

EvautaTE: u t% ¡mcncly propon. hxuI to thc distancc ¿, io ■ — - — _ 
5.J9, Ide-viify: Appty -mato ihc box. Use the infomiaüon aboul stiding lo calculare Ib: rau» of the box. 

Kvecitf.: \Viihouithcdolly: rt-*t£and í-p.n-0 i j - 0 sino? *pccd b comuni). 

„._L IMN , = W .74kg 

Wiih ihctMIy: (he loul manís 14 7 Ig • 5 1 kg - 40.04 kg and filciion no» li rolling Incitan. I - p mx 
F-nmg = f ~ ffWg = J.82 m/*' . 

EVAUMTE: A ■ í/.«jr - 160 N and £■ i/avff = 4.36N . or. — . The rolling fríclion forve ii nwh kni 



Ihe kinctic frtction forcé. 
Mi, loEMin: Appty - ma(o ihe tnicL Forcon*iam ipcciL a-G and F w - f t . 

Si;r 1 >: r - ¡i /: - iímy m . Let m 1 and -0*Kj>„. 

F\*;c t ii; Stnce the «peed i* comiam and wc are ncgleciing air resitfancc, wc can ignore the 2.4 m/i* and F m in 
thc horizontal direction ntust be /ero. Tbnvfore /] = ftjt - J^** - 200 N befbre ihc wctght and prcxiurc chaítget 
are nade Aftcr ihechangc* iMJ/O <l - *W becau* ihe ipeed ¡i ttill contíant and F m mQ 4 Wccan 

sttiiplydhu^lhcln*oequationc <° ^¿O 11 42n > - M j ,oHH (1.42) <200 N)= =230 N . 

200 N 

Evaji afe: The incrcaw in wcight inc reate* (he normal forre and henee Ihe friclíon forcé, wherca* ihe dccrcatc 
in $i k reduces \\> The perceniage inervare in tbe ttcicht u larcer, «o the nci cfTccl i* an increa*e in Ib? friclíon forcé. 

1.4 1. Ideatify: Appty V F - toeach block. Thc (argel variables are thc (envión Tin (he eord and the 

acccleration a of the Mock*. Then a can be uted m a comiani accekratíon equalion lo find the xpeed of eacb block. 
The nuignitudc of the acceWration u the same for boih blockt. 
Sy í UP: Tbeiyilem issketched in Figure 5.41a. 



For cach block takc a posilivc 
hiHirdinate direction to be thc 
dÚBctioa ül the híotk's accelenlion 




AppIyingNcwM'tLnw S-l» 



bk^koiithettble : The frec-body ¡« ¡fcclchcd in Figure 5.4LK 

booms 

r íff — m ^ - 0 

Figure Mili 




SEf L t p: hangim? Work: Tbe freebody U ¿kctchcd ¡n Figure 5,41c. 



I \ 1 1 i j J ; 

" r ■ Ntj 




(a) Use Ihc *econd cquation m ihc lint 

a _ <**-WM a » 30 kg-(0.45X225 tg)M» SO mV> ^ 

125kg + l,30kg 

SO L e: No» use thc comtant accelcraiHin cquation* lo find the final *pccd* Nole ibot ihc bloclti bave ti 
ipecck = 00300 m. 0, 0,7937 mvi*. V* = 0, 

EXECUTE: ir, - <j2a¿x-x t ) - ,/2<0.?937 m. l i I KI>0300 m> - 0 2 1 S m* - 2 1 B ctnfc. 

<b> / m t ,i -ffíji: ■ ,i> : JO kg(9JE0nVs*- 0.7937 nV) = ll.7N 

Or.tocbeck. T-^g^inp 

r m m t {ü + I - 2-25 ktfO.7937 mV 4 f0.45)f OJEO n*V» - l 1.7 N. wiiich checks, 

KvAi-i AFt: The forcé Tcxcrted by Ihc cord Iun ibc ume \aluc Ibr cach block. T < irt Á x &incc (he hanging block 
iccclcraieidirtvtiwajd. .Mu* / fc ■ ¿; w i: -9.92 N. T>f t and ihc Wock on (he laWc accclerale* in thc dircciion 

MI iDf-vrm: Appty -uid to thc box Whcn thc box is rcady lo *lip ihc Mabc friction forcé ha» ib máximum 
pauiMc valué. 

Si:f Up: U*e coordínale* paralkl and perpendicular lo thc ramp. 

Exi;ctr>-: (ti) The normal forcé wiil be hvm and ihe component ofthe cravriational Ibrcc along ihc ramp 
ii ti sin 0 . The box begin* lo útp whcn *xm0 > ft t *im%0, or tan' ; > - 0 35. *o slippmg occuri at 
ff-arettn(0J5) = 19.3*. 

(b) Whcn nwing. the friction forcé along thc ramp b ¡t^xmO , tbe component of thc graviutíonal forcé along 
ihe ramo \% wxit\Ü r ¿o ihe acceteration i* 

Iniin0 - <0%ólfm - gr<»¡o/>- //,eo»tf i ■ 0.92 m;V. 

<e>Since 2iw»y*,io r»(2or^,or » =|<2M0.92m/> : KS in)^ = 3ni^, 

Ki ah \n; Whcn (he box ¿tarta lo mo^e, fríction chinve% from «talic lo kinetic aml the ftietion Ibrce become% 



5-20 Chaptrrf 



>M. 00 liWlMIFV: Apply -mé lo thc cralc. Comlani vimptic* tr-0. Crale mov ing say* Üwii (he rhcinn i* 

k incite friciion The targel variable ü (he magnitud: of the forcé applicd by Ihc woirun* 
SO Cp: Tbe frec-bedy diagram for Ihe érale i*xkctchcd ¡n Figure 5.43. 

EX£C1ITE: 

n- mg + Fxm0 

retire 5.43 

2^ — *> 

Fco*Ú-f^Q 
t cviO-^mt - ft^F *¡o0 - 0 
F{cQ%0-ft%m0)-¿í t mg 




cox0 — /^ikifl 

Ib) MU \ J IM ,.. si i IV: "Kan (he ctjíc movíng" mean* (he «une forcé diag^am a& m put |a), excepl (hat 



ü i* rcplaccd by u.Ahus F - 



I \n i n : F-*x if co»0-/J t *in0-O\ Thi*give* P^-r 
EVALUATE: F ha* a downward componen! so it>mg. If 0-0 (woman pu*hc* hon/ontattyK n-mg and 

$A± Ideviify: Appty ^F "W tothebox. 

Sir Up: Let +r be npward and m be hori/onlal, tn the direchon of ihc acccicration. Con*iani «peed mcam a - 

EXEtLTE; (a) Thete i* no nel toree ui the vertical directtoiu 10 n i FsmÚ - w - í*> or 

tt- m "i.nf- 1 ■ mu; Fb¡o0 Tbe friciion forcé t* / fc - - ~ í**intf* The net hori?onial forcé 

i» F oo*0 * /. -Feo*0-^fmg-F*indh and*oat corutanl %pccd* 

co*tf * *infl 
WU«I fechen valúes. F = ^9D W 8Q ro /^ 

EvaUtaTE: If 0=0** F¿^j>Mf t 
5.15. Idctüfy: Appty - «la toeach btaclc 

Si: r Up; Fot block B use coordínale* paralkl and perpendicular to thc incline. £tncc (bey are connecicd by ropct* 

bloc k* A and B abo move wh h con*tani ipccd* 

EXíCiriE; (a) Tbe Ittc-body diagrara* afC *kctehcd ¡n Figure 5.45, 

(b) The block» move with con\iant «peed*. u> ibcrc i* no net forcé on block .1; Ihc icntHin in ibc ropc conneeling A 
and B rnu»i be cqual to (he frtcitonal forcé on block A t j/ t - 40.351 125.0 N> - 9 N. 

(c) Thc wcight of block Cwill be ibc leraion in ihe rope conneeling B and í" ibi* i* foundby contidcring the 
Ibrcci on block B. Thc componente of forcé along (he ramp are rhc leruion in ibe fir*t rope (9 N. from part (a)) t Ihe 
componen t of (he weighl along (he ramp* ihe fnciion on block B and ibc lemion in thc «ccond rope. Thut^ ihe 
weighl of block Cw 

w r «9N + Hv(im36.9 í t/^c«36.9 a ) = 9Nt(25flNM*ui 36.9°*iOJ5ko* 3ó.9")-3LÜN 
The intcrmediate calculainm of the finí lemion may be avoided (oobtain ihc an&vvcr in term* of (he common 
weighl h' of block* A and & \\\ - rfamft * // t coi^ lL giving (he %ame rctult 

(d) AppK ing \ew1on 4 * Seeond Law io ihe rcmaimng mat*e% iB and O grve*: 



Applying Ncwion'x Lmi 5*11 



tuiLun Bcfore thc tope belween i and fi u cui thc nei cxtcmaJ forec on (he *y*icm ti zero When thc rope U 
cul (he Iriciton forcé on A i* removed from thc %y&tcm and Ibero t% a net forcé on (he xvsicrn of hloek* fíand C. 

X 

figure 5.45 

£.46. IDENTIFY , . . Sj t l>: Thc den vati ve of r, gires a a* a funcitonof (imc. and (he integra!"*' v pia;ui 




Rm;ci FF-i Dtftcrcnliating Lq. |51D> wi(h rc?tpccl lo lime grvc*(hc 

0sr^£.jr ^-jr W ,*lmB*(tt), v ( =mgfk . h» becniued* Imegntuig Eq. (5,10) w¡A remecí lo 
u idi a vi give* 

huun: We can verif> iba* S di * v . 
-i" ihl.M m .■ m . i . : Appty Ec^(5J3). 

EJBCims (n> Solvmu Ibr O ¡n lenrn of r, , £> - — - <R0k ^ s0 * - o 44 ^ m 

y¡ <42 m¡%y 

So \ (025 i^H 

EVaU aff.: ¡t i* lera for (he daughtcr lince her mara u lo* 

5^1 iDEVmY: Appty £f - W to thc balL Al thc terminal ipecd. / = mg . 

5KF Up: Thc fluid raulancc ¡* directed oposite to Ihe velocíty of ihc ohjcct* At half ihc terminal ipeed* the 
magnitud? of (he rriclkmal forcé i* onc-fourth thc weighl* 

Km:c t ff: (u) Ifihe hall » moving xip. ihe fnclional Ibrce t% dowiu 10 ihe magniiudc of ihe net forcé j*(5>4)n b 
and the accekmion 11 (54 1^. dtnvn 

(h) Whilc moving down* Ihe fhciional forcé t% up* and Ihe magniiudc of ihe net forcé n (3'4)uand Ihe accclcraiion 
1* (1V4|£* down* 

EVALUATE: Thc frictional forcé L* ta* i han mg ín cach ea.se and in cach coa ihe net forcé i* ckmTward and ihe 
acceleration b downward. 

5.49. Idfa'FIFV: Appty f ~ ma toone of Ihe mas*c** Thc mai* move* in a circular paib* w ha* accclcralion 

— , directed Un%ard the center of the paih 

Sff l i': tn cachéate, R - 0 200 m ■ In part la) t let ».v be lowird ihe ccnicrof the cuele, «o a t -a^j . In port ib) 
Id +y bet<murdlhccciwerofthecircle,*o a t +y u üowmward wher* ibe m»* b al the lop ofthecirele 

and +v ín upward uhen ihe nae>% \\ al the botlomof Ihe cuele. Since ha» ¡tt greateit potable value 4 F 
the direction of a . at bolh pobM»oni + 



Ib) The Iree-btfdy diagrama lora man al ihe lop of ihe path and al ihe hollom of (he paih are given in íígure 5.49, 
Al (he top, ^ F - nií7 p gtves f - Dii/ h ^ - and al ihe bonorn 11 gi^et F - mg + For a given rotairan ratc 

ind henee valué of , (he valué of /*reuiiired it lar^er al (he botlomof thc path. 
R m 



í| £ * g J - í(0.20fl m)( -j^^- - 9S0m* J 
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EyaI-I mi i Tftc máximum 
ucighl are in cppositc dircciin 
F 4tt*i w ai e in ti 



isleis for thc vertical circle. Al mebottumof Ihe vertical paih F and Ihe 
í* muit cxcccd amú^ by un amouni equal loutg. Al Ihc topof thc vertical 

rt forcc so /■ mwi be larcer al ihc botlom. 



thc ccnlcr o f" thc curve 



r fcure 5*49 

Ioía nrv: Sincc Ibc car iravcl* ¡n an are of a cirric* it ha* accelcration a+¿ - vVff . direclcd lowan) iheccnlcrof 
thc are Tbc onlv hori/oniul torvo on thc car i* thc xiatic fríction forcé excried by thc roadway- Tu calcúlale ib? 
mínimum cocfficicni of frtciion that ú* rvuuircd* thc muik fríction forcé cquul lo it* máximum valúe, £ — fin . 

Friciton it italic fríction becarac thc car is nal iliding in Ihc radial direclion. 
Sr.r Up: Tbe frcebody diagram for Ihe car b given in Figure 5<50 + Thc 
i* u> ibc left of thc car. 

ExeciíTe: (■> a m j gira n-mg. -«u^ gira ¿nnff^M— and 

1 £/t W«lniV>l220m) 

(b) — ^ = conitani , *> i¿- = iL . 

ft fti 
EVALUATE: A smalkr coefficient of fticlion 
iccckration and títere furv. a smalk? spvcd. 



14 4 mfc. 

i smallcr máximum frxtion (orce* a snuJlcr powihle 



¿ » 



Figure 55(1 



5.5 L In&vim: Wccan use ihc unaJysis done tn rZxampfe 5.23. As in ihat cxamplc, wc auumc fríction ti 
Sur Vf F rom txaraple 5*23. thc banking anglc/f itgiven by tan//- — . Abo, n - ww/i 
65.0 mi.h-MinV*. 

|9 í H0m*'X225m> 
of thc rehurte, w thc truck and car shouhl travcl al thc 
11125 fcttN9.R0 mrf) 



ind p - 21.0° . Thc cxprc«*oii for un J? doc&noi involvc thc ma» 



Ib) lorihccar. it _ - 



1.18x10* Nand «.^-2*. ^ 236^ 10* N . linee - 2*r. 



EvaUaTE: Thc vertical componen! of ihe normal fcccc musí equal Ihe weight of ihe vehiele* io Ihe 
(orce js proporcional lo ni. 

5.52. iDEvriFV: Hicaccclcrauonof thc penan » ■ v ! iR . directed horíTontally tothe lefl in thc ñgureinlhe 
problcm. Thc time foronc rewlutíun n thc period r« ■ Apply y f ■ am lo thc pcrxon. 



Applyinp Nl ■ ■ Lout 5-23 



Sr.r I'p: Tbe penan move* in a cirek «f radiui - 3.00 ni *■ <5D0 mlvin 30.0* - 5*50 m . The ów hiKh diaprim 
i* uiven in Figure 5.52. f b thc focee appliol (o ibc icíji hy ihc rnd. 

I ahí n : (■> £f # -mü ( givei f cot3O.0°3*w ">d — "^¡p' r ™ wo *= w y< 
iwo c^aiion* give* r-^RgunO - Jt5.50mH9K0mfc J )tan*O.O' - 5<5Xms . Thcn thc períod 



v 5.5H nVi 



(b) Thc ncl lotee b proporcional lo m m> ¡n y f - utá ib? iulv divi&s oul and ib? anglc fe* a civen me of 



roULton u inocpcnocni *h me mau oí inc pwii^-n 
EVauiaTE: Thc pmon mu ves in j horizontal cirele *o thc acccleralioci vt borizontil. Thc ncl inward forcé 
requtred for circular rom ion i* proifcjced by a component of thc Ibrcc exerted C4i thc seat bv thc rod. 




lotsnn : Appty JT/" - uta t*> thc compete nbjccl oí thc pmun plu* ic*ii. Thisobjcct trove* in 
cítele ¡ind ha* ¿iccclctation a imí , directed tow¿rd ibe center of thc cirele, 

Si.r 1"p: Thc frcc*body diagram Ibr ihc compotilc objcci ú giren in Figure 5,53. Lcl +a be to thc ripnL in ib? 
directionof <¿^,.Lct fy beupward Trcradiuioftheciicularpaihi* R - 7.50 ni . The lolal ma** is 

(255 N *825 NM9JE0 nv* i - 1 LO 2 kg . Suicc thc rotaiwn rale n 320 rcvaiin - 0.5333 «vA , thc period 



LS75i. 



OJ3J3 nrvü 

EXí.tt'FE; iflia, give* T^mAOSf- mg ■ 0and T 

-itttf. give* 7, itn 4 , !t.*> ' ■ í m.j^ j^ii 



40.0* 



255 Nt^5M 



1411» N 



mÍiA-r,«n4oo 0 -iiio:kt?i 



|jr*(7.S0ml 



- (1410 XtetüJaO 3 - 8370 N 



r - (TS75Í) 2 

Thc tensión in thc horizontal cable u &3 70 N and Ib? lcn*ion in thc olher cabk i* 1410 N. 
EVaUUTE: Thewcigblof ihc empoMic objevt » lOKON.ThelcnwnincahkJ a largcr (han thii*üicc iu 
vertical componen! muit cqual thc ttxrighL wj^ ■ 9280 N . Thc icnaion in cable B u k?» ihan ihñ becaute part ot 

of thc tcn&iun in cable .1 
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£.54. lD£vn>\: Apply ^ ' f ~ uta to thc button> The button mmn in a cítele. %o ¡I ha* 
Ser lf: Tbe muation ncqiAvaktiItDihaiort!wnpk5,22. 

fcxíXin : (*) ub— , Exprcifting vin terrre afine petiod H i ^1 so >■ ■ i^-li . A platform speed of 
40.0 rcvmm corrcipond* lo j pct-Htd of LSG^» « - — (pJSOm) _ q 269. 

(b)For thc &imc cocfliciem of *utk friciiun* thc máximum radiu* i* proportional (o thc *c¿uarc of thc period 
{longcr periodo mean skwcr tpecdt, tu thc bullón may be moved further out) and u» i* invcr&cly proponional le 

thc ¿ajuare of thc xpecd Thu*. al ihc hicher *pccd\ me máximum radio* i* (0.1 50 m> f— — 1 ■ 0.067 m . 



me ¿maller so ft mutf be «rnallcr lo keep a ibe umr 



EVAUMTE: ít^i - — ^ — . Thc máximum radial accelcration that rriclion can give ¡* . Al thc fatier roiatíon 



5.55. lDfxnv\: Tbe accclcraiion due lo circular motion tt t 

Sur L-p: R - K00 m . I T i* thc numberof revolution* per scrond. 
l*\i.c ni : (ti) Sctiing a. ■ v and *olvmg for thc period rgivci 



«o thc number of revoluboni per minute i* (60 *.'mint/i40J s) - 1.5 rcvy'min . 

(b) Thc lowet accelcration corresponda loa longcr petiod. and henee a lowcr rotación rite* by a factor of tbe *o;uarc 
rootofthcratioofihc-accckrMions É r -(13 rev/min) * JÍTÍpO - 0,92 rc\ min 

Evajx \n ; ta part U) ihe tangcntial ipecd of a poini at the rim U given by ^ , *o 



- J/Ta_4 ■ Jí¿ ■ 62.6 m* ; the «pace stalion i* i i ■ . : rapidly 



5.56. loE-vnn : T ■ " " . Tbe apparcni wcighi of a pcr*on ii thc normal lotee exerted on him by the scat he is sitling 
v 

on. Hrt accelcration t% *y z < ft . directed fcward me centct of the cítele. 

m; n Tbe period i* T - 600 ft, Tbe panenger has ituu <* ■ »■ >: - 90.0 kg . 



(h) Thc lree-bou\' diaj^ram for tbe perwn at the topof ht% path » gtven m J ivure 5 + 56a + Thc 

li :i m J \l SO Ukc r\ .1 - 1 ■■ ■. . . ^ / - Hld gÍVC« M£ — . 

t^mig-a^)^ <9fl.O kgM*80 m*' - 0 + 549 m 1 * 1 ) - 83 J N . 

Thc IrcC'boiK' diagram for ib: perdón at thc boltom of hw path U givcn in Figure 5.56b* Thc accelcration » 
up* + atd. %o takc +/ upu'atd. 51' - m j n-#tg -"^^ and <v-flffg4d d )=93IN. 

(c> Appueni weight - 0 meani n-0 and auf -mií^* f B v j:u: v - JgS - 22, l m< h * . The tune for coe 

2xR 2^(50 + 0m) 

reAHilutionwouUbe T ■ ■ — 1 14 2 t Note Ihai ü ^ . 

v 22 A m i 

|d> ft-m(g +a\-2mg = 2(HS2 N) = 1760 N . twwc hu truc wcit?hi 



Appl) infr Ncwioni Law* 5-25 



luiun: Al thc top of h¡* path h¡* 
hi* apparcni wcieht ü grcatcr than h¡* ir\»c 



Hciíh* \% \c*¿ than hn truc ncitihi jjkI at thc boitom of hit 



5.57. lofcNim; Apply -mj ti> Ihc molionof thc pitot Thc pilol movc* ¡n a vertical circle, Thc apporent weighl 
i** thc m>rmj1 forvc excrtcd «ti him. Al caen poini iidircctcd toward ihc ccntcr of thc circukir path. 

(a) Strr Ur: Ihc pikH fccU wcightlcst" mean* ihat thc vertical normal forte i? cxericd coi thc pilol by ihc chair «ti 
xvluch thc pikH siu ¡n /ero. Thc Ibice ifcacram for (he pikit al thc top of thc palh u given iti ligua: 5.57a. 

EXECI/n:: 

■ 

IT 



I I 



Figure 5.57u 

Thui v - <JgR - gfa.W «Vi* yf\ 50m> - 38 34 mi 



Lbt Ski Up: Tbc f**vc diagram for ihc pilot at ihc boitom of thc palh b giren ín Rgurc 5.57b Note thai thc 
tcriieal normal Ibrcc exerted on ihc pilol by thc chair on wh>ch thc pikH mi* i* now upivard. 

Emcun: 

¡E*¡ 



l' itfu rf 5.57b 

H 1 



■ 1 L 



Oh* normal forte i* thc piloté 



rt -700 N. %o *-_-7l 4J 



r~í280 km-ni 



L0 L m 



1600 

Thui *-?Q0N*7MJkg 



I km 

(77.7B nW 



35KD N. 



ISDm 

Evaumfe: In parí i bK i* > mg unce thc accclcralion i* unwanl. Ihc rulot fccU be i* much hcavicr Iban when al 

rc%i Thc ipeed is nol comían*, but it is «lili truc that a taí = v* / ff al caen poinl of thc motion 

Idevtifv: - \fj R » dircclcd loward Iheccnlcrof thc circular path. Al thc bortomof ihc dire. «i ^ i* uptvard. 

Thc apparent weighi of ihc pilol \% thc normal Ibrcc exerted on her by ihc «eat on uhieh thc ¡xtilting. 
Stí Up: Tbc frccbudy d*jg r¿m Ibr ihc pilol t% given m Figure 5.58. 
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Exkcite: (a) 



— givra R= — 



>5 + 0 mi) 



R 4JKH9*MittV> 
(b> J*P t i-tttf-"^. 

* 4«£) - - <5JW)|50O kgX9JC0 m*V 2450 N 

Kvai.i aff.: Jlct anpircm weíght i* fivc laiws hct truc wcighi. ibc (bree of uravilv the ratih 



Figure 55H 

5.59, iDEvnrv: Apply ^ f ■ md ti> ihc ívnicr. Tbc water move* in a wtical cirele The (arget variable í% ibe «peed 
v¡ we will calcúlate a tti and then gel v frorn gr^ - v' i 

StF Up: Ctrntidcr ihc frcc-biídy dugram for the Mier when (he pail U al (he tcfi of ¡te circular paih* ai *hown ¡n 
Figures 5*59a and b. 



Figure 559» 



Tbc radial accclcralion is in lowurd ibc center 
trf the circlc so at Ibis point i* dtm-nward* 
m i* (he thwnwjrd normal tfiwce cxericd oii 
ihc walcr by ihc boimm «f (he pail. 



EXECLTE: 



if + hUH* ■ m— 



Plgvt 5.59b 



Al (he 
(Note ibal the forcé « 

With * -» D Ihe 



)u*t rcady lo tote contad wiih ihc Kiitom ol Ibc puiL su sí tan speed, n > ü. 
upwflnL) 

mgmw¿* v= Jg¡? = m^«O6O0 m> - 2.42 ir* * 

EvaUiaTE: At the mínimum speed j^, - y m lív is lesi (han ihis mínimum specd. ¡rjavily pulU (he waicr(and 
buckci) oul of the circular palK 

íttt-\\ws: Tbc taJI hai accclcratíon a lt4 ■ v'i'/í , directed ttwani me center of (he circuí ar palh. When ihc hall » 
at me boitixn of ibc Hving. ils accclcralion is upward. 

Sur l/p: Takc *y upwanLínmeihrcctionofmcacccIemiico.llicbowliniíball ha* masi m ■ HVg - 7,27 kg * 

v* (4,20 mi» }* 

EXECUTE: (u) ^ - — ■ =4.64 mi , upwaril 

R 3.K0 m 

M The lw-bo«h'diagramHgi*«iin Figure 5 + 60. -mo t gim r*«£ ■ ma^ ♦ 



Appl>ÍRgNcwkn'*Lmw 5-27 



Evau IATO Tnc accclention 



urmurd, so Ihc 

y 



frece ¡s upward and thc tcrwt<*i is grcater iban thc wci 



UL 



MI 



Ffcure 5¿fl 

Idevfify: Appty **>itf tothc knoi 

Skf UP: ii - 0 Use coordínales with axci that are horironial and vertical. 
EXKtiTi : (n>Tbe rree-body diagnrn for ihc knot ¡* sfcclchcd m Figure 5,61, 

b more venial «osupporti more of thc weighi and » lareer You can alio scc ibis Irom 
T t co&W -T % mbtP ^Ü. nco*40*-T;c©*6Cr»0. 

Ib) /; «Urgersoxef 7 - $<XiO N Tben Jl -i;/l.532 = 3263.5 \ 1/ pv» 
?; un W + T¡ sin 4W* - w and k 6*00 N 

Evaji afé: Thc sum of thc vertical componer»!* ufirtc h*o lcnn»n» ciniaU ihc *cicfrt of ihciutpeiKlcdobjcei 
The *uni of ihc icntkiiu h grcater Ihan the tvcighl. 




Fifure 5*1 

UWflIPK Apply £f - «tíi to cach objccl Constan! speed mexis a - 0 . 

UP: Tbe free-body diagrams are skcichcd ín Figure 5 + 62. T, is Ihe leiKion in thc lower eham. T ¿ is thc 

chain and T ■ F b thc tendón in Ihe rope, 
l Auirc Thc Icnsion in Ine lowcr cbain balancea thc wcigbi and so js cqual lo k\ Thc lovrer pulley must bave 
no ncl forcé on it, so tv>>ce ine lens ion in ihe rope must be equal lo k and ine tensión in ine rope, wbich cquab F, i* 
w/2 . Trien* thc downvrord forve on thc uppcr pulley duc lo Ihe rope i* abo m; and so ine uppcr chain cxcris a forec 
it on Ine uppcr pulley. and the tensión in the uppcr chain is aboH*. 

EVAU aff.: Tnc pul ky combiraiton alta w* ihc workerto lift a weignl ** by anptymg a forec ofonly wf2. 

T T T t 7, 




Figure 5*62 

$M. Ideviifv: Apply ^F - má to thc rope. 

Skf UP: Tbe hooks exert fececs on ibe ends of rbe tope. Al cach hook. the forcé rbai thc book exerts and thc 
lorec due lo ihe icnsMHi in ine rope are an actictivrcaction pair. 

EXECI rr.: (a) Thc vertical forcé* thal the hook* exert must balance thc «eigbi of Ihe rope. *o cach hookcxcrl* 
an upward vertical Ibree of w*2 on the rope. Therefore, ine dowmvard Ibrcc Inat the rope exerts at cach end is 
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(h) L ach half of ihc ropc is iiself in cinji tibriutn* so (He lension iti (he midoUc must balance (he horicontal rbrec thai 
cacb hook exerts, which n thc same as ihc hon/onial componer* of ihc íbrec due to thc tensión al ihc end; 

<c> Mathcmaikally spcakmg. 0*0 because (hi* would cause a división by /cw m thc equatkm for or . 

rhysically tpeiking. wc woukl oced an infinite tensión iti keep a non-ma*slcss ropc perícetly ¿uaighi. 
EVai i \i i : Thc tenstoo io ibe rope i* nal (he same al all points along thc rope. 

5,64, iDBnVK Appty ^F-má to ihe combtncd ropeplus block 10 findo, Then appiy loascciionof 

(he ropc oflctwthx Firrt note (he hnuixnu valúes of Ihc tensión. The system i* sketched ¡n Figure 5 + 64a. 



*lthe»opoftheropc T-F 

Al thc botloniofthc ropc T-Atíg + a) 



rfeorc 5.64a 

SET Up: Cofwider Ibc ropc and Moek * onc combined object, in order lo calcúlate Ibc aceelcraiwn: Thc frec- 
nody diugram 1% sketched in Figure 5.64b. 

^\F M ~ma t 
F 




Figftrr U4b 

Sul.p; consider thc forcea on a seciion of thc tupe ihai exicnd*. a distancc x<L below thc top. Thc 

tención at ihe boitom o fthimcclKtn i> Tt u andriwrnassof missectionb Thc frecbody diugram i* 

sketched in Figure 5.64c. 

rf.aUf-.wl> £)g-tur>>£)i» 




Figure 5,64c 

l.-uns our expression for a and urnplifyinj; ejve* 



Kyam aíe: Imponant lo checa Ibis reuilt íor (he hmrtmg cases: 
* - 0 : Tbe expresnoo grve* ihe corred valué of T = F. 

x-L : The expresivoo give* T - F(M \\f + m)y This snould equal T- M(k t m and tvh.cn we use thc 
expresión for a we see ihat fe doev 
5,65, iDtvnn : Appty - W to cach MocL 

Skf Up: Consumí speed mcam a -0 * Whcn thcbioeksare moving* thc friction Ibrce ¡s / h and when ihcyareat 
. ■ ihe fríelion forcé tt f % . 

Fu:Ci tfj (u) The tensión in (he cord musí be m in order thai (he hanging block move al conMant ipeed. Thw 
(cn*¡on musí overeóme IHciton and ihe componen! of ihe craviiational Ibrce along ihe incline, xt 
m x g -(ni^nna * p t mocosa) and m¡ -m t inna * co«a), 

<b) In this cate, ihe fríelion forec acts in (he same direction as ihc icmionon ihe block of ma*s h\ , so 

*¿£ -<«l.g r «n«-i( t *tgCOin),or ni.-™tni;a 



Appl) mfr Ncwkmi La** 5-29 



<t) Súnibr lo Ihe ¿nalyrisof pirt*(¿) and(bl, the UrurM m¿ could be a ^(«no * ^<o%a) and (he smaltal itfj 
could be U iM^ginor- j/ k co*<r) . 

K\ aií \rt; In pan* mi and (b> ihe Incinm inore chanuc% direction xvhcn ihc dirección of the mution of 

m t changes In part u*t* Ibr ihc Urgcit *k Úk itatic friciion (orce on ih l b directed ikiv*n ihe incline and for ihe 

*maLlc*l «Rj thcxlatic hHciion Ibrcc on *» t n dirccied un Ihe incline. 

vtft" Jin \ jim : The ■■r.;:m ¡s ¡n ct|uilibnuni. Apply NtfwWt Ut tow lo block*4. lo (he huíicmu ivcitjhi and (o ibe 
knol where the cordi mect. Targcl variable* ate (he two forec*. 
(a) St i Up: The frec-body diaentm for (he hanginc bkvk n m I'igure 5*66a* 



Si:f L t p: The free-body diagram Ibr the knot W given in Figure 5 

ExEcim 




110 45.0*- o 
r , r, a i2.on 

í ~jCT45.ü p ~*in45.D r ' 



Figure 5.66h 

7¡cca45.0*-j;-0 

7;»r J co*45 i cr-i2oN 

Sur L 1 ?: The frecbody diagram Ibr bUxk A \% inven in Figure 5.66c. 




EXF.tiTF.: 

Z F - sma . 



A 

Figure 5.66e 



EVAUUTE: Alio can anpry = 11», tothiiblock: 

rf-iv.-6O.0X 

Then « « ■ <0.2SM60.0 N> - 15.0 N; Ihix ¡s Ihe máximum posible valué for ihe itatic incitan forre. We *cc (hat 
A < fbr ihis vakie of iv Ibc itaiic friclkm forcé can hold ihe bkickx in place. 

Ib} S1.1 PJP: We nave all (he same frec body diagram* and forcé cquaitora a* m pan U) huí now ibe itolic 
fnviion forcé ha* it* largeii nouiblc valué. £ - i/a = 15.0R Then l¡"J¡" 15.0 N. 
EXECUTE: Frorn the equaliom Ibr ine forcé* on ihe knot 

7;cctt45.ir-T>l> implic* T 3 a7¡/ccw45Jr « 15 ° N »21¿N 

cca45.0 4 

T^nn^SA*- r»-0 impae* T, - r*in45,0*-(2l*2 N>*¡n45.0° - 15X1 N 
Andfinalh J>h-0 ¡rnplie* v-f|-l5jtK 

EvaLUaTE: Compared lo pwt (al the friclion h larger in part fhi by a factor of í 15.0' 12.0} and n*i*largerby 
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IDCVIIFY: Appty V t - nca t« each btock. U*eNe»li*Vi J M bw lo reíale IbrccionH andón/?. 
Ser Up: CorwUni speed mean* «r-0 . 

I*m:c i tk: (a) Treai A and ¿? a* a *inek objcci of wcighl w"mf í +i»j" 4.80 N . The frec'body dugram Ibr thi-t 
cambined obyeci i* givcn m Figure 5.67a. - «w ( give* 4.80 N. « s 1.44 N < - mo 4 

gira F«/ 4 -1.44S 

fb) The Irec-body forcé dugrairo fbj bWks A and B are giveo ín Figure 5.6Tb. n and f v are ihe normal and 

rríclton forcé* applicd lo btock B by the tahtolop and are the same a» ín part u» f ia ¡* the rrielion forcé thal A 
anplie* lo B> ti it to the righi bccau*c ihe forcé from A oppecte* (he mol™ «f if. n¡ h ihe downward forcé thal A 
excrt* onB. / u ¡s Ihc friciion forcé inat B applie* lo A. H i* lo ibe left bccau*e block want* A lo mote with ¡t 

fí t i* the normal forcé thal block Acxcri*on*4- By Ncwion** ihírd lai*\ / u - / tl and the*c forcé» are ¡n oppo*itc 
directioni AUo, ■ n A and Ibeie forcé» are m oppoiiie direclioni* 

£F -nu forbtock^gives n, « «UO N . jo a, - 1*20 N . 

fu » /yi, = (O.30OML2O N> - 0J6 N «and - 0.36 R 
-nur i for btock ¿gi vea r»/J-0J6N. 

£r\-i*t ( for btock 0 give* f -Aj * /i N + L44 N - 1.80 N 

EVALUATE: In parí (a) btock Aúútntt wiib respect to B and ¡t ha* rcro acodera t ion Thcrc ú no horuxmtal 

forte F if necefcd m part íbK becausc ofihe 



Ibrce on .1 betide* friciion* and the frktion lorcc on A t% ato A 
Incth.n forcé Ivtwven ihc lw*i blockv 




Ftabn 5.67 fl r 



4 



>.ft& lo&vnt\: Apply J]f -ma to ihe brush. Consiant speed mcam tr-0, Target variable* are lwo oflhc forcé* 
on the brush. 

Skf Up: Note thai ihe normal forcé exerted by the wall is borí/onUl* *¡nce ii i* perpendicular lo ihe ualL The 
kinclic friciion forcé cacitcd by ibe wall u parallcl lo Ihc w jJI and onposc* the rnotion. ko il ¡x verticalty 
doM-nwjrd. The free^bodv diauram i* crtvn in Figure 5.68. 



IAhui: 

cc*5J.r*0 




Fsin 5 J. | ° - k* - //^coj-53. I a 
Flñ53.1* - u «»53. I*) » w 



r - 



0B$3.l*- A <w53J 



Applying Ncwm** Lawt SOI 



,., F ■ ü - m .M.9N 

iui33.r-ftco»53.l* rin53.1*-<O.I5>c<»53.r 

(H) ff-Fm53J*MM<9N)CM53.l*-lQ,lN 

EVAUUTE: In ihc ahscncc uílhctwci - J'*in53-I^ which agreex wilh our exprexxioci. 
5.69. IDECT1FY: The nct forcé ¿i any lime ¡x / * ^ = wr . 

mi Ir Ai / - 0 . j a 62¿ * Tbe máximum acceieration t% I40#ai t -L2 ira t 

I vitiríE: (■> A*^ - m -62iH>f - 62|21Q* 10 * kgX*> in^'i- l.l-K) ' S\ Thn forcé i* 62 lime* Ihc ücj 

wcight. 

<b> ^ - i40mí - Um 10^ N . 

{eJSince thc mi nal «peed i* /ero, thc máximum xpced w (he arca under ibe a t t giaph Tbixgrv» 1.2 m's 
EVaumTE: a ¡x much larger (han g and (he nclcxiemal forcé ¡* much larucr than thc dea** tveighi. 
>.?0. lOEVTlFY: Apply V F — mú u> thc inxirumcnt and calcúlate ihe accelcraiHHi- Then rae constant accclcraiton 
equation* (i> dcwnbe the motion 

Sur l.'P: The lree*body diagram Ibr ihe íratnimcnt ix given in Figure 5,70. The mMiumcni hax maix 
m = wfa = l.53lkg. 

I \m i ii : r»Foron the intfrument. 1 .'' ntd gires 7" - ^ « aod 13.07 m/%' . 

v #t -0. v - 330 m/x. d -13.07 m/x\ !■? Then v *^ t^f ¿iva f «25J* tonxider im on ihe 
rockel: rockel ha* (he same j . Leí /*be (he ihruxt uf the rocket enginex* F -mg ~ma and 
/ , **»(£ + tf) = <25,0ÜOkg)(9SO m/x J + 13.07 m/*') -5.72*ÍO*N . 
(b) v, ■ v ## í + ytf ( i* give* ¿* - j* e «4170 nv 

Evai i \i i : The nickel and mxtnimcnt nave the same accckration. The tenxion in thc wire n over twice (he 
weighl «f the inxtrumcnt and thc upuard accelciabon ix urcater ifrm 




5.71. iDCvnrv: a^évSdt Apply ]T/"~™ loyourxelf* 

Si:r L'p: Tbe readingof Ihe *cak ix cqual hi the normal Ibice Ihc ¿cale appliex ta you 
ExKCUf E: The cle\ aior's accelciaiion ix 

mwiSlmSA m/* : * 2(0,20 nfVy-M m/* J *<0.40 m» 

Al r - 4 0 x. 0-3.0 m/x J + 10.40 m>VH4*0*)-4<6 m/» J ♦ From Newton '% Seeond ÍMm t thenel Ibrceonyoui 
• -w-ma and 

m w+ma*02 JcgMM m/^l*<72 kgK4 6 m x^l-1040 S" 

EVALirATE: i7 increaxei with time, xo (he «cale reading ix increaxing> 

5.72. Ideviih: Apply V f - wh» tothcpaixenu^lo Ond Ihe máximum allowed accelcralkm. Then rae a conMant 
acccleration ec^uaiic<n lo find the máximum xpecd. 

Sur Up: Tbe frec bodv diagram Ibr ihc paxicngcr ix given in Figure 5.72. 

I \n i i i : X ' - "iií gh'Cx /: - m$ ■ mü . tt - 1.6dUf . mi a * 0,60 g -5.8S m/% 1 . 
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Ex \U \ri; A latger final ipccd would rcquirc a largcr valué of a t . wh»:h uould mean a brger norma! forec 
ihc pcrion* 



mi 

r i*ure 5*72 

vT.V Ide-MIFx: Apply ^ A ■ uitf to the packauc- Calcúlale a and ihcn use a constara accclcraiiun cquation ti> 
dcicnbc thc motion* 

Si:f Up: Ltt +x be directed up thc nmp 

i \m i 1 1 : /* A - -mgtuil?*- f v - -mg%\a$T - fi/ Á mgco*$V - mu and 

4i * -<9.H iq/**)(0¿02 * (0J0H0W» - -SJSni/i 1 
Sincc - know ihe lengih of ihe «lope, we can use v¡ ■ v¿ t * 2a A ix-x*) with i ( ¿0 and v. = 0 al thc lop. 
t¿--2**--2MI.25 ro/* J KSfl 10)^132 m V* 3 aod K,-Jl*2 m'/V-HS m/* 

(b) l r or ihc rripbackdown thc *lopc. graviiy and thc friclion forec opérale in oppoMtc directiomt lo cach olher 
1* - -*>g*in3T + ^mgcotlT* - and 

*-£<-*mJ7 e *0.Mc<MJ7 ff )-<9H ro/* J M<^602)t<0.J0MD799))- -J,S5 m/i 1 - 

No» whM v t ,-u\ x t --8.0ia«¥-Üand «t¡ + 2^*-^) =0*2(-3.55 iq/**)ME.0m)-56A m'/* 1 .» 
v=j56,H m'V** *7.54 m/a. 

EVaujaTE: )n bothca*es. moving up Ibc inclttic and moving oown thc incline, the aceckvation i* directed ctown 
thc indine, TTie maumiudc of a i* grcaicr when ibc package is goinir up thc indine, becausc mg nn J7'and / t ¡irt 
in thc «ame carection wherca* when ihc package n jiome dox*"n thc*c lwo forcé* are in oppcoitc dirccitora* 
1.74. IDEVTIFY: Appty V F - mú to ¡he hammer. Sincc thc hammer u al rcit rclative lo ihcbu* ii* accclcralion 
equab thal of thc buv 

Sur l e: The frcc*body diagram for Ihc hammer is given in Figure 5.74. 

I \m i 1 1 : %.F 4 =ma t grvei f«n74*- - 0*o rsin?**^ mg. ¡ÜF 4 íiiw 4 grve*rco*74 í ¿nw + Divide thc 

tceood cquaboo by ihc ftrrt: — L— md¿ -2.11 mf* 1 . 

jf tan 74 

EVAUU1T: Whco ibe accelcralion ¡ncrca*ei thc anule hctwccn thc ropc and ihc cciling of ihc bu* dccrca*c*. 
and thc ancle ihe tupe maket with thc veri»! 




r«nft SJ4 

L7S. iDf-vnn: Appty ^F - ma to thc washer and to ihe érate. Sincc thc waxhcr iiat rcn rclative lo Ibe érale. thc*c 
two objcccc ba\ h c thc vime acccleTatÍon + 

Sur Cp: The frce budy diagram Ibr Ihc i*a»hcr ii given in Figure 5.75. 

I!\j:c i tu: ]l'% inlercMing to lookat thc slrtng^ angle nteasured from thc perpendicular to thc tup of the érate. 
This ancle i* 0. -90 a — angle mea^ured from ihc lopof Ibecratc . Thc frec»body diagram Ibr thc iva*hcr then 

IcadN lo the fotlowing equationi. u^ing Nen h (on'% Second Law and laking ihc ufutone direetion a.s potitive; 
-íir fc í co*0 * TcotO - Oand TcotO -mjco*# 



Applymp NcwW* Liwi 5JJ 



Drvidin^ thc twocquation*: UW0 tl — 



For Ihc craic ihc componen* of thc wcight along ihe itopc i* -m t g*inO iH ^ and thc nonrul forcé i* w gcoiC i4 p . 

i ■■ ii . Newton'i Second Law again: -m£»n 0^ * ^w ^íaí/^ -im ií , * Tbí* Icadx to thc 

infcrctiing ofacn'ation that inc string will hangat jn an^lr w hiiw langcnt i* cqual ti> thc cocfllcienl of kinctic 
friclion: 

■ttnf^*lí>rt^-W)-W» 22*= MU. 
EVAUMíE: In inc limil mal íí l >0 , 0^ ->f>and (he *mng U rvrpcndicular lo inc lopof lbccrale> 




► «ure 5.TS 

5,7fc. Idea'iify: Appty ** W to your%clf and calcúlate a. Tbcn uic contfant accelcraiion cquition* lo describe 
(he mol ion 

SliF UP: Thc frec-body diagram is given in Figure 5,76* 

I Am i ii: u) í./ -«mi, ¿'ivet ir -mgwaa . H f - gires sui <t- f v ■ w . Combining these two 
equationi. we tuve a - gi$xna- /i ( co* <í) * m/*' , Fmd your siopping dutance; 

y. *JXd, = -1.094 m/»\ * 20 m/«. vf »v¿ *2tf ( (a--*,> gira*-*, = 64 + 6 ra wh»ch i* grcaier than 40 nr 
You don*t stop befbre yon rcach (he hole* mi >«u fall imo ii 

<ty tf. * -3094 m/*\ *- * # = 40 nvv, »0. ■ ?£ ^¡^(a--*,) givw ^16 m/% 

EVALUATE: Your stopping di*ianec i* proportional lo ihc squarc of your infria! «peed. so your infria! speed is 
prtpoti lonal (o (he *uuarc root of )our *(onping dutance* Tosicfi in 40 m tnsicad oí 64 + 6 m your nuiial «peed must 
._40m_ _ ^ m s 
1 64.6 m 




1.77- iDEvnrv: Apply ^* F ™ «ttf to each btock and (o ihe rope. Tbe Ley idea in solving thi-s proUcm i* lo recognue 
that i I' thc syslern is accckratine, thc tensión thal bkick A exerti on (he rope iidillerent from (he (cn&íon thai Mock 
B cxerti on (he rope. (Olherwñe thc oct forcé on Ihc rope would be ^cro, and ihc rope couldn^i acceicra(c + l 
Su l >: Takc ¿poiitivc coordínale direet ion forceen objeet lo be in ibcdirection of thc acceleraiion of that 
objecL All Ihree objeets tuve thc same magnitude of acceleration. 
EXCCirre: The Sccond I aw ecaiabom for ihc ihrcc dilTcreni parts ofthe *y*icm are: 

Dlock^<Theonry boróontal forcé» onH are lemmn lo ihc righU and friction to the Icfti: -p K m t g + T t -m g ú. 

II loe k flíThe only vertical forcé* on 8 are graviiy úowiu and icniion up>: mj¡ * 7^ ■ m A a* 

Rope (The fotces on thc rope along ihc dncciion ot* ilx ntolHtn are ine lentions al cithcr end and rbe Modtt of ihe 

portion of ihe tope ihai bang» ^vrtically): m t \4-)s "* r * " 7 a ~ m »<* 
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TosoKc ibr a and elimínale thc tcnsioiiv, add ibc left hurd ¿¡ota and right lunj *idd of ibe ihrcc cüuation*: 

(a) When - D* *i - g * J ^ ^ « A* ihc «yxlctn movcv d will incrcaic* apptoachutf; £ ax a limit. aml thu* 

ynt t * nt^ ♦ ni t | 

thc accckntion will apnraach a máximum valúe of a - g J m * ■ 

(b) |-<ir ihc blocki :oju.it bcgin moviag. >0, u* «olvc 0 -I"* * m # (<//¿)-/j L m,] fot d+ N'oic ihat »c mutf 
xlatk rriclion lo find J fot when ib: hkick wili /»e¿¡«i to movc* Solvíng íctd. d ~J^—{fjjn A -m Á % or 

mWhen ni, -0\<W kg t rf^ í ^^.(0 T 25(2kg)-0,4kg)-2.S0m Th¡* b iwi4 phsMcally po«(bk «tuation 

since d > £♦ Thc blocki won'i mmc. no maitcr whai pottion of me rope hangi o\íi thc edite. 
EVAUMTE: Fot ihc Mock* lo move wb™ te lca*od. thcwcightof£ plu* Ibe vteight of ib: rope thit haagN 
vcritcatly muüi be greater (han thc máximum «talic frklion forcé on A, which a ///i ■ 4.9 N . 
£,7& lotMi*v: Appty Newtorf* Ul law to thc rope Lcl m, be thc ircmof thal pan of Ihc rape Ihai icón ihe lablc. 
jjh) lcl m. be the man of ihat pan of ihc rope tKit i* banging over Ibe edge. i w t- «j : - m. the total man of ibe 
tope}, Sincc the man of ihc rope i* nol bemg ncglcctcd. the tensión m the rope \axic« along thc length of the tope 
Lcl Thc thc tenvion in thc rape al ihit poini that u al ibeedge of the tablc. 
Su Up: Thc frec-body diagram Ibr Ibe hanging iccl ion of the tope iigivcn in Figuro 5,78a 

EUXXTK: 

r-iu 

í' 

IÍKütv5.7Sa 




W heo ihc mavimum 
1^ — ^ 

Vfc the fínt cquation to repbce T. 
The Iraetíon thal hangi o>et a — - - 



EvaLuaTE: As ¡t, -> 0 t Ihc fracl»on goes to /era and as ^ — > w, Ihc fracinm y oes to umiy. 
?*79* loí-MWV Finí calcúlate Ihc máximum accelcrailon ihat ihc stalic fríction forcé cúxi give to theca«r. Apply 
Tf^wtf lo Ibe 




(*) Se i l>: The &iat¡c friction Torce* ¡* lo the right ín Figure 5*79j¡ Inonhward) *¡nce ¡t Irks to make (he aic 
move wilh thc truck. The máximum valúe ¡t can tuve i» f t ■ ^<V. 

ExixiTK: 

I*, — . 

MI 



2^— * 
p.inff-nw 

The truck'* acccleralion U le?» ihan ih¡% vo ihe cate doc*n'i slip rclarive to the truck; thc 
a -220 ni v (noflbwardi Theti t\ 300 kg)(220 mVl -66 N. northward. 

(b) iDfcvnrv: Now the accclcrjtion of Ihe iruck tí grcaicr than thc accctcration that «taitc triciitxi can gire Ibe 
ca*c< Tncrclbrc. thc case ilip* rcUtivc lo thc Imck and thc frxiion i« kinebe friction* Thc IHclion forcé Mili crie* ti 
keep thc ca*c moving wílh ihe truck, so the accckration of thc cate and thc fnction Ibrce are boih «ouihwntd Tnc 
frec-bodv dtauram u \kcichcd m Figure 5.79b, 



Sirlp: 




EKEttiTfc: 

A * ^"tf ■ (0.20XMÜ kgK9.K0 WrV) 
: ' ■ v wuthwird 



EVAl.i LATO L - mu unplK* a ■ — 



A 59 N 



2.0 mi\ The magnitudc of ihc accck?jtion oflhc caie iilc» 



m 30 0 kg 

trun ttai of Ibelruckand the ca&c*liács toward Ibe froni of thc Iruck, In boib purtt (al and <b) Ihe friction ü in thc 
direction oflhc muiton and accclcraic* Ihe cate. Fnction opposei rtiativr rnotion bcltvecn rwoxurfacc* in contad. 
SJtO. lotAnn : Appty * uid to thc car locakrutitc it* acccleralion- Theti une a constan! acccleralion cquation to 
llnd Ihe initial speed* 

Skf I'p: Let *x be ¡n Ibe direction oflhc car'* inilial vclocily, Thc frictíon Ibrce f % U Ihcn in the -i-dircction . 
192 i-5153 m . 

i \m i m : n m mg and i\ -/^mg . ^V, - wa. givcx -p^mg - »u and 



fe = J-2¿j,(*-a.) = J-2<-735 m>V)(5M2 mi = 29J m* -65 5 rmb ♦ He wa* gutfry 



EVALI ATI : 



fU 



nal *pccd had been 45 min he would ha ve itonpcdín 



B5J imh 

5J(L lots iiM: Appty ^ f - uttf to thc poinl where the threc wirc* joínand aIko toonc of Ibe balU. By lymmcuy 
on in cach of thc 15 .0 cm i*ircs a thc 



34Í Ch»ptrr5 



KA 



Ser l.'p: Tbc iicomctry of ihe utuation 1% tketched in Figure 5Sla The 
12.5 cni 



vertical » pn by «nú 



47 5 



*=l5.2ó'. Leí r.tothv 



le $ that cach wire makc* * iih ihc 
ihe vertical wire mú Icl T, be thc 



icreion in cach of thc oíret 1*0 wire* Ncglcci (he wcighl of thc wire* Tbc frecbody diagram for ihc Icfthaml 
ball U uivcn in Figure S.HIband Ibr ihe poini where thc wire* jom in Fitutrc 5iClc.ii » (he (bree ore hall exert* on 



EXfXirTt: (u> ^ / F I ■ mtí t applicd to thc hall give* T¿co*í ■- - 0. 

r j = ^ = t ' 50kgM9KQm '* J) ^152N.Thcn Tf ^/«fl «plied m Figure 5.8 le gi ve* r.-27\co*<UOand 
co*¿ co*l5.26 — 

■ 2(152 N)ixn^- 294 N . 

|b> applied ■ I, ■■ giw*ii-r í niirf i 0Md« i 052N)»iilS26* ii «0N. 

EvAJXAFt: T cqual* Ihe toral wcighl of Ihe two balb. 




r*am 




ngm»U-c 

iDCVtlIY: Appty y* F ~ nut to thc box. Compare thc accclcration of Ihe box to thc 
use comiant accclcralion cau&iion* lo describe tre molkm. 

Skf L t p: Both object* nave accclcration in thc same direction: lakc ihi* lo be thc ¥x -dirccikHi 
ExecL'TF-¿ If thc block wcw toretnaAi at rc.*t relaúvc to ihe truck* thc fhetion Ibrcc would need 10 cau*c an 
acccleration of 2.20 m/% > ; howcver, (re máximum accclcration po*iiblc duc to «latic Irkriion i* 
(0. 1 9H 9. SO m/* J y - 1 .86 m/*\ and *o thc block will mo\ c rclalivc 10 ihe Irock; thc accckration of tbc box 
would be ^g-ift 151(9.80 rn/s*)-L47 rn/V. The diiTcrcncc belween ihe diitancc Ihe rwck move* and thc 
tti^tjrvc thc box move* (ív-, thc di*iancc ihe box move* rvlitivc lo ihe iruckl will be I .Sil) m 



t - 



2 Ai 



ZÍI-SQ m) 



(2.20 m/*'-l47 m;V) 

In thi* lime, (he tmek move* yd^i* ■ f (UOm/* 2 ) (2.221 >)* ■ 5.43 ni. 
EVALUATE: To prevent Ihe box fromitidingolTthc truck Ibe coelTicicnt of sratic rriclion would bave lo be 
^ -(2.20 mfe 1 )/*? -0.224. 

5JIX toKIlFft Anpry J^F ^ mÁ to caen block. Forcé* betwecn thc block* are rclalcd by Ncwlof * 3rd 1aw> Tbc 

target v amble i* Ihe forte F. Block B i* pullcd to thc lefl at corutani «peed, *o block A move* lo ire righl Jii 
consiant *pccd and u-0 ftteach block. 

Su l>: Tbe frec-body diagram for block A i* given in Figure 5. 83a, n Át i* Ibe normal forcé that B exerte 00^ 
fat m Jk n M* l * lhc kineiic friction forcé ihat ffcxeru m I. Block /I moví:* lo (be right relativc lo and r., 
oppo*es thii motion. so / A( Í*iolbelcfí. 



Applying Ncwktt's Lam M7 



Note alsotnat facti iu*l on fl t mu on.4 




KVIXITK: 



Hitare 5.IOa 

Si:f Up: The frcc-btxlv diaenm lor btack 0 I* inven in Figure 5R3b 




u 

Hiturc 5.lUb 

tvií i n : íi tí ti thc normal forcé ihai block H exert* on block R Dy Ncwion** ihird law n — and are 
in nugmtudc and oppositc m dirccüoo* ui n ^ ■ 1.40 N. ¡* thc kinclic triction forcé that A cxcri* on B. Block 
B move* to thc lefl rdam c to .1 and y ^ opposc* thl* tnoiwo, *o / tt b to thc nghl 

« and / k are (be normal and fticiioo fbree exerted by thc (loor on block /í \ ■ Note Ihai block £ moves lo 
thc lefl rclauvc to thc Jloorand f \ oppo*c* this tnoiiun* so f t i* lo ibe righl. 

~n M = 0 

ivsuv+ji^-4¿0N4J.40N-5.60N 
Theo / 4 ... --i -h> MI \: . - \ 

/" - +/ t a 0.420 N 1-0*420 N + L6H N - 2*52 N 

EVALiMfE: Xoic that and / Ai are j third Law action-rcaction pait\ io ihcy onwi be equal in magnitudcand 
oppo&ilc ¡n direction and (hii u indeed whal oui calculailon vivo 
5JU> lotA HFVí Appty - uifl to thc perton lo find ihe aeccieration (he PAPS unit produce»* Appty 
acceleration equahom to her írcc-lall molkm and lo her motion altcr Ibe PAPS firo* 
Si:f Up: Wc takc thc upwjrj dirocikm a* potilivc. 

Kxixcrt:: lite Explorer '% vertical accclcraiion i* -1.7 m/V for thc lint 20 %. Thui al (he cod of Ihal 
vertical velocity mil be v, ■# r f-(-&7 m/* í K20 ■)■ -74 oí/** She wiflbave fallen a di 
-74 oi>* 



i vlocilv musí 



£20 *> ■ -740 m and w¡U Ihu* be 1 200 m - 740 m - 4oü ra above Ibe «irfacc Her veno] 
*hc lonche* ihc urtiund: ihcrcfoxe, Mkinc the icmiion poini of ihe PAPS a* 



U»ng N 



-460 m 

be providcd by thc PAPS Thc iíbv ¡t lakcc t« rcach tlv irnxind is givcn by 

t .v^.,«-t-"yf), IM . 

a, S.9S raV 

*l Sccond Law Ibr ihc vertical d*cct¡on F tA ^ t ■+ mg ■ m«j . Thi» give* 

ttluch « thc vertical componen! of thc PAPS (bree. The vchick rou*t alvo he broughi to a *top hoíi/onijJly m 
12.4 ¿econdi; rhc ¿ccckraiKin needed lo do ihU is 

i 12.4 1 ' 

íjhI (he Ibrcc nccdcdU F fW -Ma -<J50 kgH2 66 ra/s*>-400 N , lince there are nooihcr horifixiial 

tVAi i afe: The accckraúon produced by thc PAPS mutt bring lo /ero bolh her horwtnial and vertical 
compone n tt ol* vclocity. 

lD£vrm: Apply Vf -mu tocaeh block* Pan* (ai and ib}wil1 be 




SJSi 

Note íhai eacb Hock ha% thc lame magiuiude of acccleuixm hut in diflerent dirccitonv For cach block kt thc 
dircction of be a poulive coordínate djrcction 

t'p: Thc frec body dijgnm Ibr block¿4 i« unen in Figure 5,85b* 



'f 

t«» A c 



T m m 4 00 kg(2.00 mb* *980 nvVí * 47.2 N 



Si:f Up: Tbc frec-body diagram Ibr block B i* given in Figure 5 S5b. 




tv-H*- - (0.2SH12 0 kgH9.S0 m«') * 29.4 N 

Z F . — «, 

=r,,t /.••■i i a = 47JN.29.4Nt(l2.0lig||200mi-) 
f rt - 100.6 N 



Exkití.: 
a - m¿£ ■ 0 



AppIyingNcwitt'ftLnw 



Sur fp: The frecbod} diagram for block C a ¿kclcbcd In Vivase SMá. 

EXMCUÍWl 

^-Jfc-- !2™« ,«12.9* 

1 g-<i 9MroV-2JWmV 



EvaLUaTC: Ifall thtec block* are conMócrcd logether a* a ¿ingle object and -má i* appltcd to ih« 

combiaed objccl, m t # - m,g - f*i*n¿g - {m A tnijtfli, )a. U*ing thc valúes fot . ai. and w v given ín ihc 

problcm and thc m&n m. cakriilatcd.. ihi* cquation givcs a -2.00 m's\ which checks. 

£JI6. iDLvnrv: Apply - to eacb btock. Tbcv have thc same magnitudcof ¿ccckmion^, 

Sr.r Up: Comidcr potiiivc accclenuiom tobe lo thc right (up and lo thc right for thc IcJVhand block*. downind 
lo thc rtghi Ibr thc nght'hand block)* 

tvi:c i rt* (u) Thc (bree* ataos thc incline* and ihc accckiaiHin% ate rcUicd bv 



Qku 



vnat 



c icttMiHi :n thc coid and u tE>: 



f-(lO0 kgtgvmM» -UWkgltf and |50 kg)£*m5J"-r* , 
mutuil magniludc of accclcraiiun. Adding tóese rclation*. 

(SÜkgííoSP-IOOkgMn -<50 kg + 100 kgW. or j - -0.067^. Sinccd comes oul negativa Ihc blocks will 

xlidc fc> thc lefi; Ihc 100 kg block will *lide dowtv Of coun«c, il coccdimtcí had been ebosen «o thal poutivc 
accclcration* wcre to thc kñ. j woutd be *0M7g. 

íIií - 067<9 + S0 m/»')«0A5N ro/»\ 

(c) Sub&iiiuting thc valúe of d üncluding thc proper «ltv ücpcndmg on chotee of coordínale*) intocither of thc 
above re latióos invotving ryicld* 424 N + 

EvaLUaTE: Fot pan (a> wc could luve compared MtgmO Ibr cach block to determine which direction thc 
sysiem uoukl move* 
M?. lot-Min: Let Ihc IcniMos tn thc ropc* be T. and r,. 




F%uiii $S?u 

ron&iacr thc forres on cach Wock, Incacb cate take a noMtive coordínate direction in thc direction of Ihc 
iccckration of ihai block, 

Skf Up: Tbc free-body diagram Ibr ui i« civcn in Figure 5 ,87b. 




» ííuri- 5Jt7b 



3-40 Chaptrr5 



SKF Up: Tbc frce-body diagrom Ibr m . « givcn w I'iuurc 5 + S?c 




EXÉtUTfc: 



Tlti* t:ivr^ u* uvo cí|uitK"iN t l>ui thcrc ore 4 unLnottTt*. | 7¡, r. t j |( and tf a >io livo more equationiorc requircd 
Sur l'p; Tbc frce'body dugrim Ibr ihc mo\coblc pul ley (muí m) b given in Figure 5.S?d. 




EXECITK: 



Bul our pullcyi have negligibte im.tv *o -™ - 0 and i - 2T r Combine ihcse ihrcc equotion* lo elimínate ^ 
jnj T m^g ~ Jl — give* m h # - 2T X -ma^ Andthcnwith 7\ wehave *K.y m 2 — i d^. 

ÜEf UP: Tberc are *lHI taounknown*. ^ and d r Bm Ibe acccIcraiKH* ^ and * 3 are rclated. In nny time 
interva), if m i n*o\*e% to the right a diMancc d t then in ibe ¿ame lime ¿« movts dowiward a duiance rfV2. One of 
ihcconhiant accclcraiion kmemahe equation* ays x-x^^v^j tjaj 2 , saif movei half inc diitance ii muM 
have half the accclcration of m t : a i ~o k ^2 t or ü, m 2a¿. 

Exj;ctt£¿ 71"* is the additíonal cquation wc need. U*c it in Ibe previou* equation and get 

m¡g - 2m t i2a t ) - 
tf.(4m ( i* íh > > - « ; ¿f 

and a ( - 2¿r> 



EVALUATE: If «tj-iOor^-Kw. ^ lfm*»m ( . and<i>»2j. 

SJIS. iDWim ! Apply £f - má to block & lo block /I and £ a» a compodle object and to block C If ¿ and £ «lide 
togerher all inree block» ha ve ibciamc maeniiude o I* accclcraiion. 

Sr.r Up: IT. I and B don't ilip Ibe frietion taciwccn Ibcm i* itatie. Tbc frec*body diagrama for block & for block* 
A and B % and for í* ore given in Figure* 5 + HXa<. Block Caccclcratci dowmtfird and A and B acccleraie to the ri&hi. 
In each co*c loke a poiiúvc coordínale direction tobe in Ibe directionof the acccleralion. Since block A moves lo 
therigbL ibe fríclion forcé y % on bWL fi i.% to the nvte. toprcvcmrcbtK^motionb^wenibci^blcckv WhenC 
hai ib Urgen nut^ f\ ha* tu largetí x±Xae / - M« - 

EXKCt'TE: ■ ma applied lo ibe block B gi\<ei f ■ nt^tf , it - and /' ■ M t m *& * ■ ,n . J jrx ^ 

- - ^ ; m«? 4 applied toblock* A * Bffvc% T - m u <? -*^Mj? ■ ^1 - ma applied lo block C give* 



Applying Ncwion* Law« 5-íl 



EVAHUTE: Wilh oo friction from ib: lablciop. (he %y*lcm accclcratex no maitcr how «tmll (he mas* of Cb, 
II .♦.». ¡«les* (han 39.0 kg* (he friebon force thal ,4 exett* on BU leu Iban jyi*lfíit< i* grealcr (han 39*0 kg, 
block* C and ,4 have a larger accclcrotion than frielion can givc lo block 5 and ,1 accclcraic* oui (rom under B. 




SJI9, lot-MiM: Apply (he mclhod of ExcrcUc 5*19 lo calcúlale (he acccicration of cach objcci Thco apply comum 
acccicration cqualioni (o (he moiton of the 2.00 kg object* 

Si:f L t P: AfUt ihc 5*00 kgohjcci rcachc* thc floor, ihe 2*00 kg objeci r in frcc-fatl* wimdcwnwuru* acccicration ¿** 
Euciff: 7Tic20^kgofc>eelwmacceleratcupwanlK g '^^ ^ U ~ 3gjf7 ' « d lte s *^ k í *Í M ^ 



Liowmvard ji 3gy7* Lci (he inllial beighl above ihc ground be H. . Whcn thc large objcci hiu (he 

ground* ibc unall object will be at a beighl 2ft h , and moving upwanJ with a «peed givcn by r* ■ 2ciA 4 -bg^P 

The xmall object will continué tome a di&lance i>*^2g -3/^/7. and «o thc máximum hcigbt reached will be 

* 3A t /? - 1 7Jt,^7 - 1 .46 m dbove ihe floor* which ¡* 0*860 maboveiu imiial heighi. 

EVAU afe: Thc smill otycct n 1,20 m above thc (loor when Ihc Urge object «trikex Ihc floorand íl ría» an 
addilKiruI 0.26 m allcr ÚuL 
5.9* locvnfY: Anply -mato (he box. 

Su [>: Thc box ha* an upuatd accckration of ¿t - 1 >90 m * . 

r.\M i rr : Thc floorexen* an urmurd forcé n on ihc box, obiaincd from n- mg -wj ot «- min-g)* Thc 
Iriclton forec ihal need** lo be balunccd H 

AJiBAJititf+f) ^(0J2K2R + 0kgKl 90m/* i .9W ^)-WH 
EVAU aff.: )f thcck\alor wuxn*l jccclenting thenonnal Ibrcc wouldbe rt-mg md (he IHcikm fotvelhai 
nvould ha\c lo be overeóme would be S7 t s N. The upward acccicration incrcatc* thc normal lotee and mal 



£.91. iDKvnrv: Apply (oihe block. The cari and ihc block nave ihc *amc accclcralion* Thc normal forcé 

cxerlcd by ine cari on (he block it perpendicular to thc fronlof the cart, u> U horizontal and to the rigbt* Thc 
rriclkm forte on the block a dircclcd «o ai (o hold (he block up agamsi (he downwird pulí of grav¡i>\ We want to 
cakrubtc ihc mínimum a rcquirci «o ukc italic friclion lo have iti máximum \ atue*. i\ ■ p a. 
Su 1 1-: Thc ftec body diagnm for Ihc block íx given ín Figure 5,91* 

EM1CLTT: 

/■UJf-üHM 



EvaUiaFE: An obnen^er on ine can *eex thc block pinned there, w ith no rcawn Ibr a nonzontal forcé on it 
bceau«incbk»cki*atrertrelaíiwwmccan*Tlwrefow,^ ri-0 andlhu»/ ( =0, 

and he doctn't undeniand whal hold** the Mock un anaimi Ihc downward forcé of gravKy. Thc r catón for thn 
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dillWiilty ¡s ihat y\f ■ ™ doc* nol apply in a coordinóle framc adoched to the cart. Thi¡t rrfcrcncc framc i* 
accclcratcd* and henee not incrim* The smallcr /i. ¡s + the larger a rmot be (o keep (he block pinned agaímt ibe 
ftant of (he can. 
5.92. lOEVtirV: Appty ^F ■ ma to caen block. 

Sut UP: Uno coordínales w hete t.v i* dirccied down the inclinc. 

I A: i i i i ♦ (ti) Stncc (he latifct block (Ihe trailmg hWL) has ihe larger cocrTicicni of fnction il will need Id be 
puJIcddown the plañe; L*., (he larger block wíll ihh move fasier (han the *mallcr block, and ihc block* will nave 
lite *amc accclcraiton. Forme smallcr block* (4JW kgte(wnJ<P-ÍÍL25)c<w 30°)- T - »4 .00 k^u. or 

11.11 \- 7' -i4.ixi kvhi. andiimiloriy Ibr ibe brgen 15.44 X * T- (ROOkgto Addinj h esc i » rclití 
26.55 N -(12.00 Itgfr «-£21 m/a'. 

<h>5uNiiiimon intociihcr of (he above relaiiooi gíves T = 2-27 N. 

<c)Tne ¿liing will be stock. Thc4-0Q4tg block wíllbave ü -2,78 m/s 3 and the S t 00 kg bkick wíll ha*e 
0«L93 m/*\ umil the 4O0*kg block ovcctokei (he &00-kg block and collidei wíth il. 

EVALUATE: If the airing íicut ibe accelcralion of each block wíll be independen! of ihe mas* of that Mock and 
will depend only on the slopc anglc and (he cocfficicnl of kinctic friction* The R.OO-kg block *oukl nave a 
occckration even thougb it boa a larger mats* sincc il ha* a larger . 

5.9X lot-s i m : Appty - ara to (he block and to the plank. 

SkfUp: Boih objecu have 

EXEtirTE: Leí n¿ be Ihe normal forcé hchvcen the plank and Ihe block and n t be ihe normal forcé bciwcen Ihe 
block and the incline. Tben, n . ■ wco&ft and it t - tt¿ » 3hcos0 ■ 4H*coa0 . Tbe nei fnclional forcé on ihe bkick »s 
fij.n. «■ fy) - ji % $wco*0 . To move al consiant speed* thi> tmm balance the componeniof the block' * wcighi 
alongthe incline, *o }wám 0mflt$wtm0, and ^ -itrnlT* -QA52. 

EVaUiaTE: In ihe absence of (he plank the block slidcs down at contionl sneed *hen the slopc anglc and 
cocftlcicfil of frietionare rclatcdby ímu/ - ¿i For 0 - .16.9' , =1X75 . A *mallcr// 4 ¡* needed when (he plank 
i« prcnrni bccauie (he plank pro vides an odihltonal frietíon forcé. 
5,94. Ipcsnn': Appty - atd tothe balL lo m jmlto m ¡ 

St y Up: Tbe free^body diagrama for (he hall, ui. and »v. are given in Figures 5.9Ja-c* All Ihree objecbc have Ihe 
same magnilude of accelcralion. tn eaeb ca*e takc the dircelion of a (o be a po«Ítive coordinóle dircclion- 
Cxíxi rti (u) Yf =mü t applicd (o (he hall gives Tco*0-mg. T*F = ma t opplicd lolhe ballgiro 
T%m0 ■ nii* , Combining these lwo ecniaitom to elimínale Tguei lanr? -a 'g . 

<b> - ma t applied to atjgivci T-m-a. ^F t -mü, applkd to m L givc« n^g - T ~ * Conibining ibcse 



, + "t,J m * .w 15O0kg 

(c) As ns, hecomes much larger than m t tt > p and lonr? > L . «* * 45 

EvaLUaTE: The de\iee rccjiiirci rhai (he hall ia al rcsl relalive (o (he plotform; ony molkin swinging back and 
fonb must be damped oui When m «. m ihe system vüíl occekra(e^ bul wiih small^and &-*G° * 




'I 



Applytnp \c*l«n* La»* MJ 



5,95. iDEvnrv: Apply V F - /na to ihe automomlc 



Si:f Up: Jhc correal bjttkmw amííc i» lor ;fcro Iridien aitd i* v.iu r n bv lan/í -— L- a:t denved m I:xamplc 5.2J 



l.ve coordínate* that are vertical jjhI hixi/outaL *mee Ihe accclcrahcti i* hon?onUL 

fcxixi :jez Foc repcedf larcer than v, » j frxlional forcé u needed (o keep ihe cor Iram ikidding. (n lhn case* ihe 
inward forcé will consistí of a pul ihic lo thc normal forcé n and thc frxiion Ibrce / ; ir *in/í- / coi/f - ^ The 
m*mal and fricbon forcea hoth have venkal componcnis; sincc ihcrc i* no vertical accekration. 

*casp- f unp^mx* Uang /-AJI «id tí^ ^ ^¿.síL^L» 225 ft»A ibttcmorcUitons 

rt*mp » finco* fí m 2-25 mgunfl and «cos/í -/í^mii ;^ ■ mu- . Dividing tocancei n gives 

co*#- «.«n/v 



- 225 lan/í. Solving for and simplirying yickl* //. - ■ U*ing 

1 f I .2 5 sin* 



6" ■ arelan 



120 m i|' 



5 18.7»* gira i¿-034 



(9*80 m. * ' itljum.l 

EVALUATE: )f fi i* ¡nsufficicni, the carskid* away ftom Ihe center of curvaturc of ihe roadway* so the friclion í 



imm 



£.96. lDfcvn*v: Apply ^F -asa to ihe car. The car move* ín thc are of a horizontal cotTm** *o á -tf^. direcicd 
toxvard thc cerner o f curvature of Ibe roadway, Tlx larget variabk ¡* the ¿peed of Ibe car. wiU be caJculatcd 
Irom ihe forec* And then v will be calculaicd from ■ v* >* R 

(a) To keep thc car from sliding up ihe banking the ¿ta tic frktion Ibrce is direcicd down the indine At 
xpeed ihe staiic fríctioo fbree bas ils máximum valué f t = ftit. 
St:r Up: The frechody diagram for Ihe car a ¿ketebed in figure 5,96a. 



»co\ff- / b sinfl-mg-Q 
Bul />/iif. so 

— 2* — 

ccnJÍ-asin/í 




1^ 

itxmfl* fótica* fl -ma^ 
U*e the ^ cqualion lo repUee n: 



[OJO ico* 25 



[9 t 80 m t J )-H 73 m>i : 



(0.34JkbZS 

fl^-v'/Jt impJic* v* JSjjV - J(8JJ m* J M50 m> = 21 tni 

(b) lD£vnFY: To keep Ihe car from slnlmg iimm thc bankoig ihe tutie Irtciion forec A directed up the incline 
Al the mínimum speed thc *iaiic frtetion forcé ha* as máximum valúe / ■ un r 



5 44 C/hapirrS 



Ser Up: Tbc frechody diagram Tur Ibc car is ¿kcicbcd iti Fiiíuíc 5 *>6b 




Thc írcc'hody diagram ¡s ¡dcnlkal to that 
in part (a) cxccpi that itow thc cotnponcni-f 
oí f t tuve oppcuitc dircciiotti* Thc Ibice 
cquaiHins ore a)l thc same cxccpi for thc 

t^ipoti^e s i tj i) ftW tCI 111^ Co(|tJ ill (ti í íí - 



cmp+fi[mmp J \ eos 25* * (0 JO)iio 25 c 
v - J¡£* = ^(L43 nVs'HSO m) - R.5 mb. 

EvaUiaTE: For v bctwccn ihcsc máximum and mínimum valúes, ib: car i* held on thc road al a constani 
by a ttaiit triciMin forec thal ¡s lew than >■ ■. Whcn /í + * ü. j uJ - # tan/í Üuranalysi* agrcc& wllh Ihc rciull of 
I xjmpk 1 5 Oí ¡o lb¡* ipecial e ase . 
£.97. iDEvnrv: Appty - m«i to thc car. 

Si 1 lp; l mi n -0.447 m'i . Tbc accelcration oí thc car k a,^ - v 1 fr t dtrccicd loward thc ccnicr of cun-ature 
of ihc roadway . 

t'XEC't'Ttu (a) 80 mi/h ■ 35.7 m/V , Thc ccniripclal forcé needed lo keep thc carón thc road iiprovided by 
(btlFu-ajO, 



- J'MJf - 1 7 1 m ) <0.20) t * s m i' > - 1 8 .3 mi* o* about 4 1 mi/h 



|c>lf /. -0.37. 



v - Jfl71 m)';f.r M ^ n^)«2C9 m/* oraboul 56 mi/h 
Thc tpced limit i* cvídcntly dcsigncd Icir ihcsc condilions* 

EvaUaTE: Thc máximum safe ¿peed i* propon ¡onal to j/T . JD.20/0.76 - 0.51 * so Ihc 

Ibr vvet-ice condibom U aboui half vvhai ¡t ¡* for a dty road 

iDEvnrv: Tnc anatysíiof thuproblcm i* ihc ume aMhai of Exatnplc 5.21. 

Si tL p: FromExainple5.2l. tan/7- — ~— . 

EXKCirTE: Solving for v in terms of fi and v ■ JgRtmfi - ^9 t «0 imV > (50.01 tan JOO' ■ 1 6.K m/i . about 
60.6 kra/b. 

EVaUUTE: Thegrcatcr incipccdof thc ta» thclargcrwillbc ihcanglc /i . h> fwill have a largcr hori/oniat 
¡nward cocnpnricnL 

£.99. loEYnn 4jhI S#;r L p: Tt*e monkey aml banamiN ha\c ihc lame mau and thc icnxion in thc ropc hat thc *amc 
up"A + ard \ aluc at thc bananas and al thc monkey* Thctcftirc. thc tnonkcy and banana*, wdl have thc tamc nct fnrec 
and henee thc &amc accclcration^ ¡n hoth magniiudc and dircciion* 
Exkc I FKí (a) For thc monkey lo move up. T > m¿z . The banana* alto move up t 

(b) Thc banam% and monkey move with thc same acederation and thc dt*iancc bcln^cen thcm remaíivs conitanl. 
<r> Dolh tbc monkey and bananas are in frec falL Thcy have ibc «ame ínitial vckKity and as thcy fall ihc dniance 
bci 4 *'ccn thcm docin't chance. 

(d) Thc banana* will &\ow doi*n al thc same rale a* ibc monkey. tíihc monkey comes lo a siop, %owill thc 
bananas. 

Evaj_i xrt: None of Ihcn: actton* hting thc monkcx' anv ctoicr to thc bananas. 



5.100. lotxniY: Appty £^-m¿.w*h /«Av. 

Su Up; Follow ihc aiuJyM* (hat kad* Id Eq'5.10), cxccpt now tht tnitiaJ «peed t% v W( A - 3i h , rathcr than 

zoo. 

I ' \ : i 1 l t : 7T»c . parated c<.iu4tÍ4.v) of moiii** ha* a lowcr limit of 3i; ihücí! of 0; ipcc ¡fically. 



¿v-i; -2v, l2>; 2J ju [2 



EYaLuaTE: Ají ihc xpecd approachc* v B , The spccd i* abvay* greaicr than v* and thix límit i* approachcd 

frora abovc. 

Mil» lot-Min: Appty -nato (he rock. 

Sr.T Up: Elqualitini 5.9 ihrough 513 apply. bul with i^raihcr ihang ¿i the inilul accclcration. 
Hvm ni: (u) The rock ¿* rclcaicd frorn rcM. and m> therc ñ mrtully no rcsitivc forcé and 
0 t -<lSAN)/<3.OOks)-6.OO m/* 4 . 

<l>) <1H.ÜN-(2J0N ^m>{3J>0 m/*))/(3.G0 kg) - 3-HO mA*. 

(c) The nel forcé musí be I W) N. mi kv- 16.2 N and i «<I6J Nl/(2J0N <;m)^7J6 oí;*. 

(d) Whcn ibe net forcé n equal (o /criMnd henee (he accclcraiion u aox kt\ ■ ISO N and 

v, -(IB.Ü N)/(2.2flN */m)-S IS mf%. 
M From Eq.(S.I2V 

FiomEq.(S.IOX r-flUS m/.Hl-^ , * W "' W ^]-6.29 ni/*. 

FromEq^S HKbutwiih insleadof^ a-(6.00 m/Vy^ 1 ***** 11 " * | jg 

EVaUíaTE: The accclcraiion decrease* wiih ume unttl rt become* /ero ivbcti v* v, . The ipeed incrca*c* with 
time and approacbes / — »íc . 

5.102. lo&vriFY: Appty -mato the rock, a-^-and * - ^ yicld diftcrcntiaJ cquatioiu ihai can be mtecrated to 
give and x(t). 

Si: i l. p: The reiarding forcé of (he turracc i* ihc only horironial fotec aclíng* 

E\i:t i n ; (a|Thm * -.ík- íl^-ltí-^ and ^!p- dt Intcejaiing give* í'-ít— — ÍVíand 
nt nt nt v* <w **r^ m'* 



' - Thi 



„ ¿r JPh *V B „ „ ifta/r fV* 

lorihcrock ipt»thi>n: — * T — ■ and £Ít - v¿h +__-_ . 

imegrating givcs x ^ - -^j- + - 

(b) vDar 0 - > T . Thti i* 4 qujdtai»c cqiation in;: from ihc quadiaik fixmula ucean find the Mnuk 

m 2oi 

«ohition i ■ — -— . 

(c) Sub%iituimg the cKpreukin tbr/ ¡nio Ibccouition íorxz 



t _^ 2mtf _iFk 4m\^ *' to 1 ^ , 2oivj 



Evajj Aft: The maunirudc «f ihe average a^celeratiiin i* a 4t ■ 
F. - ma^ -Ikii 1 ^ wbich ih ttimci the inilul vjdueof the 



— 1^— . The avena* forcé U 



5-46 < hupttr 5 



5.103. lOEVtirV: Apply ^F -mato the ob)cct. with and withoul including the buuyancy forcé. 
SkfUp: At ihc icmiinal ¿peed v, . a - Ü. 

ExctiTC; \Viihouibuo\ane>\ ti- = mg. tof . With buovarcy inchxlcd thcrc i*thcaddii»onal 

r, 0.36 x 

upward buovancy íorec ¿r\ *o B ■* tv - mg . £ - - tv ■ mjjl 1 .5^f_¡¡Ü j - mg/3 . 

! 0.36 rn(% ) 

EVALUATE: Al tbc terminal ?f»ccxk A and f*kv togcihcr cqual nty. Tl»c prcscncc of/í reduce* ihc valúe oí/ 
requircd. *o the prcicnccof if reduce» ibe icmtinal *pccd. 
vi 04. IDEVT1FY: The block ha¡t accclcration ~v 3 /r t dirccied lo ibe left in ibc figure in (he pmblem. Apply 

V/ ffMtl>t hcbtek 

Uf: Tbc block tnove* in a hori/anldl cirele of radiui r ■ J(l-25 m)* -(1.00 ml ; ■ 0.75 m, Each «tring 

LOO tu 



nuv in núdc f uith tltc vcrocal. co»* 



25 m 

l'igurc 5.IIM. Let *x be lo the left and let «■> bcupwanl. 
Exf.Clte: (a)^r-mü give* rccu0-^co*0-jiH; -0 

ii-r.-3L.ttDN- ( " 0 *» lff - ,0 " tf) .ji.oH. 

cosí' cm36.9 a 



. *o tf- 36*9" . The IVce-bodv diagrjm for ihc bkKk ¡s uivcn in 



thl Y-! 



¡ves IJ 



HT tniiD0 (0*75mKSO.ON*3iON|«íi<n9* 



i 

ni 

3.53 m* 



Irr 2rt0.?5mr 



4.00 fce 
- 0 749 rtv i - 44.9 



= 3.53 m s . The number of revota t ion* per «ccotid i» 



10 ir 7¡->o. r»«»^iiv»id r- 



:ostf 



iJ OO kgHMO mi i 

m36.9= 



49.0 N, rriü#-«— 



n nn0 



75 m¥49.0 N )Mn36.9 



[44,9 rev'min) 



00 kg 

29.9 rcv min 



2.35 m t . Tbc number of rcvolution* per minute is 



3.53 rn* 

EVALUATE: The tcnaon in ihe ufiper *iring routt be grcaicr than ihe tctiMon in (he lowcr itring «o that (oeciher 

(he wcighi of the block. 
T 




iDfcvnrv: Apply ^ f ■ mí (o the lailing objecL 

Skf UP: l'ollow ihc tfcp* Üui lead (o I"q-<5J0), cxccpi now r,, - i h <.and i* nol 



AppIyiiHj NcwM's La** M7 



ExxtuTE: M Newton * 2nd law givoi m^ÍL - wi*r -h * wbnc 1_ i . 1 - - — j.iV . Th¡*¡* ibe 

dt k * v - v iji ' 



rxprcHion u*cd in ihc dcrivation o! Üq |5J0K cxeept Ihc lowcr Irmit in thc vclociry integral r* thc inilial *necd k, 
indicad of an> Evxluating thc integral* and rcarranging givcx v « **** + v,(l- e 4 Xoic (hit at / - 0 ihi* 
expresión %»y* » r - *; and al / -> c* it xay* v, -* v r 

(b) Thc dowmiird gravity forcé t% largcr iban ihc upwurd lluid resillante toree w thc acccleralion b ckmnw&riL 
iiniil Ihc Huid rc*r*iancc ¿bree cauaU gravity when thc terminal «peed ix reacbed. Thc objcci «peed» up 

untíl v ■ \\. Takc +y id be duwnward Tnc graph i* *kctcncd ín Figure 5 .105a 

(c) Thc upwaid rcxixt&ncc forcé i* largcr (han ihc dowmvard gravity torce so thc acccleralion ix upward and ihc 
nbjcci *low* dowiv until thc Huid rcxbtancc forcé cqual* gravity when Ihc terminal '«peed i* reached. Takc + y lo 

be downwani Thc grapn a xkelched in Figure 5> 105K 

(d) Whcn r, ■ v, Ihe acccleralion al t - tí j* xcro and remaní ¿ero: thc vclocily i* conxtant and cqual to thc 
terminal vclocrly. 

EvaUjaTE: In al) cjc*c* ihc *pccd becomex v, as» t ->rc . 

\ % 




■MUÉ, b 

Llti. lot-Min: Appty -moto thc rock. 

Si.r Ip: At rae máximum hcight, ip, "0. Leí ty K- upward SuppTc^ ilte y *nba:i .ptí on »' muí i¿. 

ExeCite: (a) Te* find me máximum hcight and time lo Ihc lopwithoul fluid rctuiancc: v* - v¿ * 2tf( f i h -y J ) JDt ' 



2n 2(-M m/*'} 



0.61 v 



;h) Süiitin; ir.'ri N<: - >» ti -i ■- "i^viukí l.nw t .í ih.-¡ m ¡ ■ n r » ■ '. -'. — . un; .• . \\¿ r. »i;.l .n': .[,in Uiku;- 

rjotvnwird as peaiti^c a* m (he text and noúng ihat thc vcfocily al thc teft ni thc roek*s íligtrt i* Tero: 
• v — v, *ff 1 v— v, -6-0 m;* - 2X1 n\s 

Froml!q^5 9L m/í - v,/jf -(2.0 n,V)/^.H n\V)» ».«»d f --if(-lJ86) -(0.204 *)(IJB6>-IX2S3 1 



■í> il-.j i.n 



5 + lÜin thc texi gives us — « vM -rf HÍ,w '(« - 



-«MI 



j-«<2.0 m/s>(0.2«3«|4(10 m ■** tO.204 *Mc >>gl -li-0.26 m . 

EvaUtaTE: With IIukI reíiiManee prese rrt thc máximum hcight r* mueh le» and thc time to reach it \% lew. 
5-107. lDEVn»\: App*y - va t« the car 

mi IV: Tbcforccion ibccaxjuc ibcairdrag forcé f* m O¿ and ihc rolling trícboci forcé ^miv Takcihc 
vcloci^ tobe m thc tx -directiork Tbc forcci arcorjpositc indirection to thc vclocity. 

Em;c t fk: (u) ^F t - tnt t gtves- -£K -Í - M* m S ■ " ílJ - Wccm »nte thi* equation luice. once with v - 32 mf% 
and ra 1 "— 0.42 m/s* and once wHb r ■ 24 m/* and tí — -0.30 ro,*\ Solving the«e lwo %ÍmuJiancou% cuuaiionN in 
thcunknowr»Oand a givc* M* -0.015 and S % i jm t . 

ih) a - mg cos/í and thc componeniof gravity paral^l to the incline i* mgsiftfi , where /' - 2 Foreon&iant 
tpecd + ii - 2 ¡; '.. r i© Solving for v givex i + - 29 m/x. 
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(c) For angle fl t mgxtap-umg eo%fi-Dv 2 ^0 and r - J™rt* m >* ~ M ce*fl> ^ kroiuial spccd for a lalUng 
objetl ii den ved from Di,' - mg -0. »o i; - *JmgfD v/\\ - ^nn /? - co*/¡ . And unce 



-0.015. v/r, - J«n/r-<0.0]' 

EVAUUTE: )n parí (c), r -t v t a* // *H>" , sincc io ihai timn thc Incline become* ventea). 

5.108. iDEvriFV: Appty -mdto thc pcrion and tothe cart. 

Sil l i': Tbe apparcni wcighL i*^ p whicb i* ihc umt a* ihc upward Ibrcc on Ihc pcr%on exened Hy Ihc car 

Emxi'FE; (a) Thc appatcnt wciff.hi i* thc actual wcivht of ibcpcr*on minu* thc ccntripctal lotee needed tokeep 
him movini; in ita circular paih: 

« MÍWg -J5l!. = ,Tflk B ,J,9Jm/«')-<lÍ^l]=434 N. 
ib) Thc cart wiü l<uc contad wilh ihc surta? c wben il* apparent itcighl i* /ero; Le., when ihc road no kingcr ha* lo 



exen any up» ard forcé on il: mg - 0 . i - JE¿ - J(40m)(9£ mV) - 19.& rn/% * Thc anvacr doc*n*t 

depend on thc catt'rt mai* t bccauic thc ccntrípcial f*>rcc needed to boW n on thc road i* proponional lo ¡I* mai* an* 
soto ítt wcighi* which provide* thc ccntripctal Ibtvc in Ibis «ituaiion- 

EVaLuaTE: Ai thc speed calculatcd m pan tbi. thc oWn» ard forec needed Ibr circular misión u pHividcd by 
gravily. For xpccdi greater Iban thw more, rfowmvard Ibrcc ¡* nccckd and ihcrc b no ¡romee Ibr it and ihc cari 
Icave* Ibc circular patín For speed* leu than ihi*. leu doivnwani Ibrcc than gravily ¡& nccckd. so thc roadivay rnuxi 
cxcri an upward vertical Ibrcc 

vi 09. (a) Iiwmiky: i ■■_ thc mlbrmation given about Jcna to find thc time f forone rcvolulion of ihc merrv* vo round. 

Ilcr acccIcraUon a ¿t^,. directed in loward thc axis. Leí be Ibc horizontal forec that kccpt her from «tidimiorT. 
Leí her «peed be t\ and leí be bcr dittancc from thc axU. Apply V f - mtf to Jcna. wbo move* in uraform 
circular mobon. 

Ski L'p: Thc free-boery diagram Ibr Jcna is ¿kclchcd in Figure 5.109a 

BUELVll: 




-4 




around once in ibe lame lime but bcr tpeed 



Fñíürc 5.109a 

The time for one revolution ti r - " T ^' - 2xR, 
(t\> and theradiuiof hercircubr paih are dilTcceni. 

lotAiiM: Now jppK' Vr-/fw \o Jackw* Shealw mm^cs tn uniform circular motion 
Si:f Up: Thc free body diagram for Jackie » xketched in Figure 5.109b. 




F%nn 5.109b 



t I.8DD ' 



KvAU'.m:: tiothgirU roíate logcihcr ihc ameperiod T. By I:q.t5 .16). i* largcr for Jackic 10 Ihc 

Ibrcc 00 her i* largcr. Eq (5J 5} *ay* /¡, * r, = ffj 1 >j ski i*¿ ■ i^fííj > h ff,)¡ thñ agrec* wilh our rciailt in iai. 
5.1 10. iDf-vim: Appty ^ f - «mi to thc pai^ctiger The pavtenger haiacccteration ii t-í , dixeeted inwxd towjrd Ihc 
ccnler of Ihc circular path 

Sur U' Ilv ruMcngcr'* vclociiv U v- 2* ff/í ~K.N0 rn/v Thc vertical componen! of ihc *caf % forcé tmid 
balance itv pawenift*'* wciuhl and thc horú-onttl componer*! mutt provide thc centrípeta) lotee 



SXfXviEz (a) F^úntf-mg = R33X and cosí? IK& N . Thcrcfore 

R 

tanr7-(H33N>/<lH£N>-4.43; 0-773° above ihc hori/onul Thc magnitudc of thc nct torce CAChed by thc 
«cal <(hhc ihal thii i* not thc net forcé on thc pusenger) W 

F^ - J<8 33 Xr * <1H* W - S54 N 

[h) The magnitudc of thc forcé u ihc sime, but ihc hori/ontil componcni w rcvcricd. 



EVaU \ IT: At thc higheit potril in thcmolkm* F^ -mg-w_ = 645 N . Al the knvcti potnt in thc motion. 

- t m— - 1021 N , Thc rc*ull in parts (al and (b) lies bctwccn these extreme valuci. 
R 

5.111. lotAiiri: Appty V F - m a to Ihc penon. Thc pereon movci in a horironlal círclc %o h» accclcralion is 

a tti ■ v .' Jt. dircclcd lowirct Ihc center of the circle. The urge! variable ii the cocfllcicni of itaiic fríclic4i bet^ecn 

thc perton and the surfacc of thc evlinder . v ■ (0.60 rev.«>1 | - (0.60 mb)| 2g * 3 » 5 m> ( ■ 



■_ ■ 



rev 



[a)Sí l Lr: Thc pioWcm utuation n skcichcd in Figure 5.1 1 la. 




Thc rrcc-body diagram for ti 
tketched in Figure 5.) I Ib. 
Thc perton it held up ¿cautil gravity by 
thc *iat¡c frktion Ibrcc exerted on bim 
by thc waü\ Thc acccleration of Ihc pe non 
¡* . directed in umwh the xvi* of roiation. 



rigurc 5 + l J lh 

(b) ExKtlíTE: To calcúlate ihc mínimum ir + rcejuired. ukc X 1° ha^c ¡ti máximum valué, — fj % n 

Combine Ihetc t w o cqmtioni 
p,mv* R "'i; 

(15 mHVSO m/v 
^"7 19.425 ra *V 



- 0.28 



Í-Su <hn P (tr5 



* 112. 



•i) Y. \ \i i kh.'. Xo. thc ma» of ibe pcrftin dividcd out of the cquation for Abo, Ibe irnallcr «. i*, ihc farvcr 
i muit K* i» kecp thc pcrson fromiliding down. Fut tmaUcr a ibe cylinder muxl roíale fatlcr to makc » larucr 



lofAiif^: Apply Vf - ta the combioed obfect of molorcy cíe ptm rídtr. 

Si:f Uf: Tbeobjccl haiaccclcratian íí^ - fr . dirccicd toward thcccntcr of Ib: circular path. 
K\*.c i n : (u) For thc tire* not to kw: contacL ibcrc musí be a downward forcé on thc tircv Tbu&* thc 



Ulmvnwird) accclcraiion al thc top i>f the iphcrc 



» so m — > mg\ and 
JE 



(b) Thc (uptvardl accclcralion will Ihcn be Jr, m> thc upwird normal forcé 
5OT¿-5(IÍ0lcs)í9Jt0 m/x*)-5H0 N- 

Evalúate: Al any non/ero «peed thc normal Ibrceal thc botlom of thc pathexeced» ibe wcight of ihe objccL 
?JI3< IdEVTIFY: Apply -na toyour friend. Yourfriend movciin Ibc are oí a cirele a» Ibe car Uirnv 
(a) Tura lo thc righl. Tb: lihution ii *kctchcd ¡n Figure 5,1 13a. 




A* vicwcd ¡n an mcrtia) Ira me 
in the absence of ¿utlícicni fnction 
yo\a IHcnd doctn i makc the tum 
complete ly and >«u move ti> ibe r¡g hi 
tou'jrd ymir fnend. 



*r*ure MI Ja 

(b) The máximum ndhn ofihe lura i* thc onc thai makc* ji*l equal lo Ibe 

Iriclkto can give lo yow farad, and for thU situalion * bai il* nuximum valué / ■ un 

Stí l."p: Thc frcc*body diagram Ibr your friend* ai viewed by somconc standing behind 
FigurcSIIJb. 



on that *ui*c 



:ar. ls tkcirficd in 




EXULTO: 



"IlL 



v,l; 



FnrrS.ILtfa 



1^ 

„ f20m>*) 3 



- 120 B 



|ft35h9K0m*-> 
EvaUjaTE: Thc tuger u a b, ibe irnaller ibe radiu* rnuxl be, 

5.1 14. IdenTifY: lite Icmion fin the suing muvt be ihe «ame ai the wcighi of thc hanging block + and muxl 
previd: ibe rcsuluni forcé necenary lo kcep thc block on thc tabfe in uniform circular 
Si:f Up: Tbe acceleraikkn of thcblcckb a -i^i'r .directed towardlhcholc. 



t \i.t i r» : \fc - i - m — f ro t 

EVALUATE: Thc breer Mi* ibe ereaicr mwi be thc &pccd t\ if rremaim thc *amc 



ApplyingN<wiofl'*Uw* 5*51 



U15. lotvn>\: Appty 2^-™* d>ihe 
roiation r. 

Skf L t p: Thc be jd and hwp arc*kctchcd ¡n Figure 5.1 15a 



of(hc bead AUou*c Eaf5>l6} torcíale a . tothe periodo!' 




Htc bead mtnn tn a circle of rsdni* 
R m rún p. 

Thv normal forcé exerted on Ibc KmJ hy 
che hoop u radiatty inward* 



FÍ£urt5JI5a 

The ftcc-bodv diautam for ihe bead ¡* «kttehed in Figure 5.1 tSb. 




EXICLTK: 
n ■ mgcoifl 

n\mft -ma 



Figure 5.115b 

loe 



í 1— - i" A 1 and v- 2 stR T r *o «■ _ - 4t'A | T j , where fu thc time for ooe rcvolution 

. rt Ax'ramfl 
R - rxtnfí* so i/^ ■ — 



II w thii m thc above ctiuation 



Thii cquatiun i-i 



ce«^ r> 

ficdbv tin/í-O. *o fl-fc orby 



(a) 4 00 rev * implaci r - II > 4.001 i - 0250 1 

„ (0 250 *> : <9B0 rnV) . . 

Thcn coitf- 1- -and 

4t íO IOOm} 

(h)Thb wouldmcan fi-W. Bul ccu90 r -0. io ihi* requirci f ->0. So /í approachci 90" a* Ihc hoop rotaic* 
cery fj*l« but /í - W ñ noi pouibk. 
te) LOO m/i ¡mptieK 7" - LOO s 



The ce*)? T~^~ equaiion thc* *ay* co*p - 



(LOO *) J <9.80rn.* J ) 



■ 2.48, írtiícb (s noi po¡u*lc Tbc only way lo 



4?ÍOlOOm¡ 

have thc -ma cquatiotmalidWd h Tur sin /i -0. Thñrncanx /'f - « ihe bead *¡ls at ibcboitom ofthe hoojv 



$$2 <hn P (rr5 



l.v vi i vi i : fi -* 90* m T -* 0 <boop movei foierl The Urgen valué Tan nave vt giren by r J g l (4vrV> ■ ] *o 

T~2x^r¡g -0.633 t Th» coneiporub ta a rolalion rale of 11/0.635) revs-l.SKiW». Fot a roiation me ka 
than í 5S revfr, /í -0 ¡*ihc only lolution and (he bead sitial ihe boltom ofthe hoop. Pan ici " an cxamplt ofthiv 

1.116. iDEvnrv: a t -¡LjLand tr t - ^-i-, Thcn apply -^a iocalcuhte thc componen!* ofthe net fon», 

Skf Up: The componcnti of f deicrminc it* rnagnitudc and direction* 
Extd FEi (a) Diftercntiating (wkí. j, - -6/Tr and a, "-2Í, so 

-(2,20 kg)< -0,72 N/s)r--4L5ftN*f tnd ^ -awi. -i220 kg)í- 100 m/j i ¡ i N . 
ih) The graph i» giren io Figure 5,116. 

MM t- 3.00*. ■ -4.75 N and ^ = -4.40N. »F- J<-4.75 N) ; *<-4,40 N) 1 - MR N atan ingle of 
EVALUATE: ^ n con&tant and negaitve. f\ iszeto al f -Gand bceome* increaxingty more negative ai / 




rte) 



I lEurc 5.116 



5*117. IdevtIFY: The velocity ¡x langcnt lo thc path. The accelcration ha* a langcnt bl componen! when ihe xpeed ¡s 
changing and a radial compunent when thc path is curving. 

Skf LÍP: * ^ ¡* loward ihe ccnlcr of curvaiurc ofthe palh. á tas is paral leí lo» when ihc ¿peed 1 

anhparalkl cor when ihe *pecd i* decrca*ini,v The ncl (bree f i* proporiionaJ lo u . 
EXCCUTE: The diagram U xkelched in Figure 5. 1 1 7. 
EVALUATE: and f all chonte during ihe molwMV 

... — 




i = 0 



F¡*ure 5.117 

5.118. iMNTUYí Appty V F - ma to ihe car. It ha* accelcration a ^ . dirccied toward ihc cerner ofthe circular paih. 
Up: The anulviH i* ihe lame ai in Fxampk 5.24. 



[b> /' J -«f]í-yj = <L60kg)J^gO ms ! -ÍIÍ^ÍÍLJ = -»4 V , whete thc nwiia *ign ñdicalet tbai Üic axk 
puNhe« dawn on Ihc car The magnitud: of thii forcé ¡x 30J N + 



Applyinu \cwion* Lawi ^¡ 



$A I*. iDEvnrv: The anatyxii i* ihe *amc a* for Prublem 5,96. 

Mih' IbcipcedEtrcUtedtDiheptfnodby - - IxRfT - 2xh(tonp\ 7 .or T - 2^Mcan/J) v 
l*\K t Tt: The máximum And mitutmtm fcpccd* are ihe *amc a* thotc Ibund w Problem 5.%* 



„ COI /í +■ /í sin /f I 



The mínimum and máximum valúen oí (he penod Tare ihcn 



Uvau'ah'.: For ^ - 0 ihe rauta for tbc spccdi reduce lo - v H = *Jgh . A ■ 



an/J 

agrec* with the rcxult in Examptc 5.23, if wc lakc ¡mu accouni that m ihi* prohk-m /f n meuuiird from ihe vertical 
wherca* in üxamplc 5.23 it « measured rclatjvc lo Ihe horizontal. 
5*120. Idevtifv: Appty ^F - mdtothc block and ta the wedge. 

Skf L t p: Por both partv rakc the i-djrcetion tobe horizontal and pcujirvc ta the right. md thc V'dircciioo lo be 
vertical and poxiuve univard. Thc normal Ibrec hciwccn the block and thc ftedge ¡i/j: tbc normal lotee bciOTcn ihc 
wedge And ihe hori/onial surlacc will not enter* a* ihe wedge i* presumed to have ¿ero vertical accclcration Tbc 
horaontal accclcration of ihe wedge » A , and thc componente of accclcration of ibc block Are j l and a r . 

E\i;t trt; (&} Thc cquatíoni of motion are then KÍA ■ -n^na , hmi 4 ■ ir*ina and «a - ne&xa - mg . Nolc 

that Ihe normal forcé gira thc wedge a negativo accclcraiion; Ihe wedge iicxpcctcd to movo lo Ihe fcft. Thc*c are 
threc ccjualioni in Ibur unknowns* A+ a t and u. Solution t% pouimc with ibc ¡mpoiitionof the relation belween 

A, a, nd fl ( .An ob*erver on me wedge n not in an inertial framc. and shoukl nol apply Newton % ünvv. bul thc 

kincmatie relalion bclwocn thc componente of acceicration are not «o rcstriclcd. To such an ob«m h cr + thc vertical 
aceckration of Ihe block t% a. .bul thc horrantal aecclcration of me block ¡x a t - A. To lhi* obicner. Ihe Wock 

dercend* at an anule ¡¡ , so thc retalian needed ix 1 - * tan a. Al thu poinU algebra ii unavoidabte. A 

a - A 

pouiMe approaeh u to elimínale u by notinu tbat a t - - A , wing thii in the kinenutic conximinl to 

itt 

a t and ihen eliminaling n The rcMilb. are: 



i.Urfliitanati;i/.un^l 

$f± 

(A/^i«)lanflr<W/ianí/) 

-WW t m) tana 



' ii: + m) - . . ■ ■* U - ..i . . 
(b)Whcn 1/ -rtí.l >ü. * expecied (ihe largc bk>ck won'l mo\c). AI*o. 
o tan q 

lj 1 » g . ^ gxingcoag whieh i* ihe aecclcration of thc b|e<k i £*m<j tnthUeaxcK 

tan a-<l/iano) tan'3*l 

with thc factor of coin gívíng Ihe horí/onlal comooncnL Similar ty. 4, — * - t^m*<í . 

(c> Thc trajeetory ix a xpiral. 

EvaUiaTE: If m». U É our general rciutagive n -OjoJ u - -g . The mani\e biock accelcraici ttraighi 
dwmvard, ax if il wcrc in frcc-falL 
LUI. IDEOTIFV: Apply V F - ta thc block and to thc wedge* 

Si;r Up: Prom Problem 5.120. ™ ■ n sin n and mi¿j - iietMf/ - "i^ Ibr thc block. *j # - 0 gives ti d - lana . 

Cxf.cirTt: If thc block ta nal lo move verueally. both thc block and ihe wedee nave th« borimntal 
and thc applicd forcé mu*) be F - {M » m)ú - (Xf - wj^iana P 

l-uiuii: F^»0ai a-*0and F-*tas a-* «5. 



S-54 Chu P (tr5 



L122. 



i' 



U23. 



iDcvnrv: A 

Si: r l."p: Lct »x be directed up (he ramp. 
F\*:c < rt : The nwtna! forcé lh¿il thc ramp exert* on Ihc box will be n - uvcittr - )*in« , The ropc provicfc* a (bree of 
Ttxnfl up thc ramp* and thc componcni of the wcighl down ihe rjmpn irsoMr . Tbui, thc nci Ibice up ihcramp » 

F»rct»0->TOTtf-/i 4 (*Tcc*ff-r*m0)-^^ 

The accckraíion wí II be Ihc greal»! when Ibe finí term m partnthc*cs ■ greatot and ihis occüts when tan - ja . 



But ~* 90* mear* F ¡* directed to 
valué of i* utnvwhvrv m belmuuu and 



EVALUATE: Small 0meanxFÍ*irxireneaHy in (I 

reduce the normal Ibrce And ihcreby reduce fnciion. Ttv 

dependí on ji a . When p 4 - 0 , the oplimum valué of ü n O - 0" . 

IdevtifY: Uac the rc*ulti of Prablcm 5.44. 

df d 3 f 
Si:f UP: /(x> i* a mínimum when — - Oand > t) . 

Ku:c i rt ; (i) F ■ // í h*, i (co*í? + /í^intfl 

(b) Thc graph of f\tfsus tfw giren m Figure 1123* 

(t)/*iimimmuedat ■ Fot ^ - 025 , 0-14.0*. 

til Al-i' ate: Small /Poican» Fi* more ncariy in the direclioa of ihc moboa* But tí » 90 1 meara Fiádirecicd to 
reduce the normal Ibrce and ihcrcby reduce frietion, Tbe optimum valué of O U *omcwherc in bclnecn and 




O 10 20 JO 4Ci ?0 «0 it> »J W 
ftldcí* 

I¡*u re 5.123 

5.124. iDEVTirV: Appty ^F -mato (he halLAt thc terminal ipecd. a-0. 

Si;t Up: Fot convcnicncc, lake ibc pomive direclion lo be down. *o that for the baseball rclcaicd Irom rea, thc 
acccleration and vclocirv will be positive* and Ihc *.pccd of ihc baseball b the orne a* iti p»&itivc componen! of 
vclocirv, Thcn Ihe icntiúu: forcé, dircctcd ¿igjútsl the vclocirv. u upward and henee negalive. 
Fue IT ti (a) Thc rrce-bocb diagram for ibc falling ball ¡siketchedin Figure 5,124. 

Newton** Sccond Laxv i* then «ti - mg - íh Initially, when v — 0. tbe accclcraüon and ihe ipeed 

increases* Ai the %pecd ¡ncTca&cc. the reviene fctrec incrcaic* and henee the acccleration dccreasei. Thb contimic% 
a» the «peed 



[el Al terminal velocity. a ■ 0, <D v, ■ 1 1 in agreemem wim 



[5.13) 



(d) Theequation of molion may be rewritlen ai — --i)»" -r 7 }* Thñ ií a separable cquainm and may be 

dt \\ 



EvauiaTE: ünh.t- 



.Al j 



0 and \ -*0 + Al t -* r . tanblff 1 v. and v-^v, 




4 

lizure 5.124 



Applytnp \culon* Lawt MS 



9.125. Idevtify: Apply *!T.F - ma tocaehof the threc mavsct and to thc pul ley 

Sir l.'P: Takc atl accclcralkms lo te pcnitiYC dowmvard. The cquation*of misión an; siraightftírAard* bul thc 
c rciaiions bctwccn (he accclcrauons, and thc rcsultani algebra* are ool immcdiatcly obvióos* If thc 
of pulkry B is a¿* then a M flj, and o¿ is tlx ¿verane of ibc acccIcraUom of imuc% I and 2. 
or d, * tf a - 2tfj - -2ff^ 

EXEtlíTE: (a) Tbcw can be no ncl forcé on thc maule** pulky B* *o T. - 2T t Thc rívc equtfion* lo be solved 
uetbea ms-Tj-w. m£-T t -m.a;. mg-T, 4 + + 2*> = Oand 2T 4 -IJ - 0 . Tbrae are fh c 

ojuations in rtve unknowm. and may be solved by *landard meani- 

The accekntion* a and a, may be cliniinaied bynsing 2a> = -ia i +a ¡ ) = -i2g-T t tttfM,)+0fM 3 m. 
Thc tensión T t may be chminated by tuiw T, - (1/2)7 - (l/2)ni - > 

Lanbmmv and «oking lor n. gtve* *i. — g 

(t>) Thc accckration of thc pulky ¿J ha* ihc *amc mat-*nihidc a* j. and i* ¡n the oppositc dircctioa 
|c> a, - g-2±—*g-J!!L(g-a t y Subitituiing thc above exprc**ion for m¡ gire* 

[di A similar analvsMor. intcrchanginfi ihelabel* I and 2)give* j. - r J " 



(cK (0 Once thc acccIcraiKtns are km*vn. thc tensión* may be Ibund by *ututilulion inio thc appropnaic cquation 
ofmotion.givmg T t =g- 4m > m m > , 7¡ =g- 

<I ) If m ( - - m and *». - 2iw, all of the accelerahoni are aera T 4 - Img and 7", - All ma**e* and pulley * 
are in cquilibruim* and thc tensión* are cqual lo ihe wcighrs they supnorL wbich i* what n cxpccled. 

EVaIa'aFE: )l ¡* uscful locontider spccial cases. l r or example. when #4 -au » m t our general result give» 

^ma^^gmáa^-g . 

1.1 ZC loEVtirV: Apply - tna tocaehbkick. Tnc temion ín ihe xlring b the same at boihend«. If T< h fora 
block* that blnek rcmain* al rciL 

Si:r l. : p: tn all cases, the tensión in the sirmg \m][ be half oíF* 
ExeCite: (a) F /2 - 62 N. whKh ii insuiTlcienl lo raíse chher block; 

<b) /'/2 -62 N* The Larger block (of wcight l^6X)iMllnol mo\cso d t «0, but thcsmallerblock. of wight 

N.haianel upuaid forcé of 49 X anphed lo and id «ü aceeleratc iip*anh «iih d 49N ^^4 9mA i 

10.0 kg 

(c> /72-2I2X. so thc netüpi*ard forcé onblcct^ \% 16 N and that on bbck 8 w H4N,so 
0.8 m/> ; «d^-illil-lM id/í*. 



1 2D.0kg 1 10.0 kg 

EVALUATE: Thc twoblock* nced not nave aeeeleratiom with the same magnitudca. 
5J27. IDIXTIFY: Appty -mato the ball al eacb posilion. 

UP: Wben thc ball is al rc*U a - tt* When the hall « swinging ín an ve tt has accclcralkm componen! 



— ^— 4 direeted inwanJ + 

H\*:c 1 11 : Bcíore the horvontal sinng is cul thc ball is inequiUbnum. and thc vertical componen! of thc 
Ibrce mu*t balance the weíghLso T t ccafl - w or T t - Ktcmfl . Al poinl B. the ball is nol inequthhnum; ils speed 
is imlaniancously (- 10 ihcre is no radal aceelcmtion. and the icm>on forec musí balance the radial componer* of 
theucight so T A - *xcufl andiberaiio 1 T fc :f Á t - v m /í 

t\ Al l aff.: Al poinl B thc net forcé on Ihc ball a not /cto: the ball has a ungenlial acccletation. 




Work and Kinktic Enfrgn 



6.1. iDEvnrv: Appty Hq><6.2)* 

Stí l. Pi Tbcbuckci riics dowly. %o Ihc Icraion ¡n ihc ropc nuy be lakcn lo be ihc buekcr* wcight 
EJOfClTO (n> W = Fs- mgr ■ (6,75 kg) m t**){4M mi ■ 265 J. 

(b) Gravrly \% útiezted «ppositc to ihc direction of thc buckct*s motion. so Iíqíó + 2> givc* ihc ncgatrvcof Uic rc*ult of 
pan <aKor -265 J* 

(c) The total work done on the bucket b nn>. 

EvaUtaTE: Whcnthc forcé i% in thc direcitooof the difcpijecmciit. the forcé diw pon li ve work, Wben the forcé t% 
directed oppcuiic to the duptacement. the foree do» negalive work. 

6.2. Id*-n iuy: In cach cote the Ibrcct are convtant and thc ditplaccmctti i* along 4 iiraichi lint *o If r ■ /Veoi^ . 

Skf I t p: tn p«i <aK when Ihc cable pulU horwintally p - 0 : and when ¡I pulís al 35*0° above the horáontal 
¿ = 35.0°. lo pon (b), if the cable pulí* horironially ^ = IS0 c , Ifthc cable pulí* on thc car al 350* above thc 
hori^trntal u pulUon the mickai 35.0 p bclow thc tori/onul and ¿ = 145.0*. For the gtn ity Ibrce ¿-90*,since ihe 
Torce i* vertical And ib? drtplaeenxni í* horizontal 

Encims M Wheti Ihc cabk b hori/onlal ir -(850 NX5JW*lü' m)co*0* = 4.25* 10* J . \W»cn thccable i* 
35.0 a above thc boruonttl B' ■ ( 850 NM5.0Ü* 10* m)tt«35.0* - 3.48* 10* J . 

<b) co»l* ci .ir «id cc«U5 k 0 4 --co*35.0 > 4 M>ihe«i»wcn«e -426-10* Juid -3.4S*10* J. 
(e | Since cosft ■ - d . W -Dm both can. 

EyaumFE: If the car and truck are lakcn logcthcr a» ihe iviiem. ihc (envión in the cable doc* no net work. 

6.3. IdevtifY: t\ ach forec cao be uied in Ibe rclation W - Fx - (Fcot^X* for partt íb> ihrough <d). For part le i. apply 

the nei work rclation a* W m - * »^ + II', * »V 

Sil l P: In order to move thc crale « coniiant vckxrity. ihc worker muM apply a forcé th-it cquaU ihc forcé of 

l!\*;c i ffc; (a) The mignnudc of the torce thc worker mu*i appty i£ 

f «4- m A m f\* M H** 3 (0 25 >( 50 0 k B )<**<> w H 

<b) Since the Ibrce ¿pplicd by thc ^^iiker » horizontal «id m ihe direction of ihc ditplaccmerii. ^ ■ and Ihc 
work U' 

VUfea -(f Jfc , ta coa^)t»((74N)íco*0*)l(4Jm)--333 J 

(c) rhciHtn act* inihc direction oppo«ileof rnotion. thut $ - I S0 & and thc «xirk of friction ie 

H' ( -(AoM^*f7 4 HMcmlWQUj id) = -333 J 

(d) Dolb gravité' and the normal Ibrce ael perpendicular to thc dircclton of dispUcemcnt. Thu*. neither forcé doe* any 
work on the crale and W 9mt - 1#; - 0.0 J. 

M SuNhmtinu ittki the nci wotl rclation, the nel work done on thc crale \t: 

W -W . til' +W =>333 J + M J<-0.0 J-333 J*00J 

EvaLUaTE: Thc net work done on the crale ii /ero because thc lwo contribuí ing forcea. artd F t * are cqual in 

magnitudc and opnoHitc in dtrcciKxv 
6.4* Idevmfi : Bk forcea are comlani %o Uq{6.2> can be used lo calcúlate ihc work. Conitant «peed unplici a - 0. Wc 
musí u&c ^F - má applied to thc crale lo ñnd thc forcé* acbng on it. 



6-1 



< huptrr 6 



[»Stil>: The frec-bndy diauram forthe 

7 




\s gjvcn m ligure 6.J 



EJECUTE: -flltf 

A-mg-Fwn30*«0 



,mr ■ 

figure 

Fco*3CT-/¿ «0 
Feo» JO 5 - ^ mí - /íj *Ío 3IPF ■ 0 

C«30°-K5«l3(r cu ÍO : i ■ 25 ¡ -.-n W 

■: h j PT, - (Fc«¿)r - 0*2 Nfctt 30^4.5 m> ^ 387 J 

íFro*30 & i» Ibc hori/oniaJ componen! of F; the work done by F Utl 
in ihc direction of (he duplaccrncni-) 
[el We tuve an exprcukm fbr / 4 Irom part (a): 

* = lince A ,,.. T - i. v >i,di, r II, »*, ^(/ h c«^^(H5,9 NKcwlíflff'X^ 5 oiU-J87 J 

(d) The normal forcé i* perpendicular lo Ihc diiplaccmcnl *o c* - 9CT and Jf ;. ■ 0. Tbe gravity fotee <the wcight) ¡* 
perpendicular to the di*pUccnicnt *o ¿ - W and W m = 0 

(«> ir. + -*3s7jw-3*7 j> -o 

KVAJ4 AFE.: l'orce* wiih a componen! in ihc dirección of Ibc dixplaccmcni do po*Íií>e tvork + forcé» oppccute lo the 
Ji^plxcment do neg anve un>rk and forre* perpendicular to (he di&pbccmcnt cb jero work, The toial work* 



¡inte* the cotnponcnt of F 



« Ihe Aim of (he work done by cach forcé, equab Ihc work done by Ihc net forcé. En thñ problcm* í m( -0 rince 
*/ - <i and W* M ■ 0* wfeicb agrec* with (he sum cakulatcd ín parí <e j. 

iDtvnFV: Tbc gravity forcé ¡* cor» Uní and (he duplaccmcnt i* akmg a Mraight linc. so íl' ■ Fieos/, 
Sur l'P: Tbc duplaccmcni i* upward along (he bddcr and (he gravrty forcé i* downwanl, u> 
¿-ISO.CT^O.O'-ISO.O 4 ^-mg-TJSN. 

Execlte; (a) IT ¿ (735 NH2.75 m)a>«IS0jy* --I750 J . 

(b) No, Ibe eravúy forcé \% ¡ndependent of ibe molionof (he palmer 

Evamaf e: Gravity i* dounwjrd and ihc vertical component of (he duplacemcni u upward. *o (he gravity forcé 
doc* negative work. 

Id*.\ 1 1 1- \ and St r L'p: H\ - iFcosc»U + xince Ibe forcé* are coiuianL Wc can calcúlate the toral work by 

the work done by eacb forcé, The fbrecs are ¿kcichcd in Figure í> A 
H 



l#; ^ IJ.KOm 10* NM0.75XI0 1 rn|co*I4 

»; = uixio* j 



H L -**>J#j-2<l.3UlO* J)- 2.62x10* J 

EvaLUaTE: Only rhc componen! Feosc* of forcé in Ihe direction of ibc duplacemenl doc% work. These 
componente are in the dircciion of i sa the forces do poiilive work. 




Work and Kiticlic Eneruy 6J 



6.7. iDEVfiFY: AII forcé* are con*tant and cach block rnovei in a slraigbt linc *o K' ~ ftco*0 . Tbtonly dircction thc 
syslcnican nwvc at comunl ipced b for ihe 12.0 N block to dc*ccnd and thc 20>0 N Mock to movc to thc righi. 
Srrtfe Sinccihe 12 n\ btockmove* ai confian* *peed, */ - 0 for il má ihc icntton T m ihc iinng b T-12.0N . 

Since thc 20.0 N block movc* (o Ihc tighi ai conrtant «peed thc frktion lora i\ ixi it it to thc Icrt and 

I \n i n : (■) ■ i. and ir (12.0 NK0.75O m^cotlr 1 -9.00 J . (ii) |UU»°and 
H' = U2.0NX0.750ro)co*IH0*--9.ÜD J - 

(D| ,i - h 90 ■ i ' ■! r-0.(tf) # 0" A nd H ^112 0 NM0 750 hiJwhO - 900 J Mu> ¿-IS0" and 
H -(l2 + 0NM0 + 750ro|coilMCr > -^ r 00 J r |iv) ¿-90* «id H' 
m H'^ft for each block. 

EvaUjaTE: for cach block Ibcrc are lwx> íbice* Ihal do work. and for cach block ihc lwo forra do work of cqual 
magnitudc and opposilc *ign. ttrticn thc lotee and duplaccmcni are ín oppositc directíon** thc work done b 
negative, 

6.8. iDEvnrV: Appty i:<|.(6.5). 

SETUP: Í'¡m} jmlWDd Í*jmJ.¡mQ 

ExixiTE; Thc work you do b F*x = ((30Ntf-(»N).fl-((-9.Om)í-<3-0mM) 

í-(30 *»íim)- I-40NK-.VD m)--270N ro+l20N m--150J. 

EyaJ-I aFe: Trie ('Componcni of f doc* negative work and ihc v-component of f doex po*ili>c work- The loial 
work done by F i* ihe itim of thc work dooe by cach of it* compancnti. 

6.9. Idemifv: Anpry Hq.46.2) or (6.3). 

Skf Ufi Tbc graviry forcé i* in loe — v-directioo . so F^ * i ■ -mg{y : - \\ ) 

Euxi fe; (a) (II Tcn*ion forcé it always perpendicular lo ihc di*placcmeni and doe* oo work* 
(ii> Work done by gravily b -m£(v t - }\ I. When v, ■ y¡ , IT W ■ 0 . 

<bMiiTcn*Kwdoe*o0wx>rk (ü)LetfbethcWngthofthc*<rui & W m --tt^)-1»(20-^JJ 
Eyai.i afe: Jn parí I bi thc displaccmcnt U upward and loe cravily forcé it downward* %o thc gravity (orce doet 
negative work. 
6.1L iDCVnfrY: X 

BErUR 29.1 m* 

EjÜCVTB: <»> A' - y(750 kgM29.1 nVs> J = XI8xlO s J 

<b) K^jMvf. K 2 - jmv! . wiüi i^vt|/2 T «o JC : ¿-y m<v,/2)* - 1(^«»^>- . The cbxige in kmetic OHffgy W i 
decrece of 

EvaLUaFE: Since ÍT^ V a , lohavc half thc kioetic encrg}* Ihe *pced muti be les* loan oalf oflbe original speed 
6*1 L IDKNTIFY: A* - ifliv 1 . Since thc meteor come* lo reit loe cnctuv it delivers to thc ground equil* ti* original kinclic 



Sirle: km>-L2xlO' m f * . A LO megalon bttmb reléate* 4.184* itf J ofencrgy 



(h) j j ™ encrgy ts coviivalcnt lo 2 4 onc^megaton bornbi. 

EVAUrAFE: Parí of thc coergy transfened lo Ihc grouod liíU sotl aod rock* ¡oto ihe ait and créale* a Urge 



6.12. Jiumim: K -^mv* . U*e theequation* Ibr frcc-fall lo fiod thc speed ofthe weighl when it teaches loe gruund. 
Skf L t p: üslimate ibat a perton bis speed 2 mi when walking and bm's when runninsr. The mast of anelcciron 
9.11 ■ 1 kg. Inpar1<e>lake +y downward. %o a, *9.80mV f;*tirnaiea inouldcr bcighl of 1.6 m 

CXECUTE: ta) WaUiog: K ■ 4(75 ke *2 mfc) 1 ^ 150 J Running: A" ■ ^<75 kgH6 mftf ■ UOO J . 

ib» C^^JIjcKT* kgK2.l9x 10* nV*> : - 2-2*10 * J. 

<e) »í = v* >2<Uv-.v.>give* v t - J2(9.80 m * 3 I0 6 m) - 5.6 nVs . JT -40 A kgK5.6 m'O^lóJ. 



;6m^Va. thü i* 



EvaLUaTE: A v. .1 .: i: 1 *pccd of 2 r.is corresponda lo walkinga milc matioui 13 man. A running &pccd of o mi 
corresponda to running a 100 mda.sh in about 1? s 
6,13. bBnw¡ - -jjtu*^ . Sct uparatio ihat rétate* A**«i and i . 

Kmui: (■> JC, - tf t gira «X i m,*; ♦ v, = v,^m,/*i - ^ JÍÍ36 - 42.85*' . 
ib) v « ihn * J»,)*»)**:. 



EvaLUaTE: The electrón ha* km ma& *o rnu^i travel raxicr id have thc same kinebe encrgy. And wnh cqual sficcd* 
(he prnton ha* more kinetic cncrgy, 
6.14. iDENTin: ünly gravity dociwDrkori thc watcrrnclon* so - *T Mi . -A£ and £ = ^wp*. 

Si: i l.'p; Sincc ihe walcrmclan t* dropped Irom rc*t* A* t -0 . 

ExxtirTE: (a> rT -m»r-<4.S0kg)t9.80mi l * i )(25.Dni)-ll80 J 



, J — i. - H 1 ^ 212 :i: ■ _ 

m y, 4-KOkg 

(c) The xvork Jone by gravity would be the lame* A ir rvMttanee woukl do necative work and II - * would be le** than 
M'* ^ ■ The axuwer ¡n 1a) would be unchanged and bolh answer* ¡n (bl would dccrcaie. 

Evalúate : Thc gravity forte i* oownward and the di&puccmcnt i* úownwanl. io gravity doe* praitive work. 
6.15. Ideviifv: W M = A\ - K % . In each cañe calcúlale from what wc know about thc forcé and the dbrdaccrncrit* 

Sef Up: Tbc gravity forcé i*mg+ downward* Thc rriclkon forcé » \ - i*\n m ji^mgMÚ h directed opfmitc lo the 
di.tplaccmcnt* The man ofihe objeci i*n*t givea* *o wc expeet ihai il wi II divide oul in the caJcutaiion* 
(CrclCtm W A* ( -0. W m *W m -mgi <m¿p-4mv;*ffd v¡ - Jlgt - ^2<9*0 mx'K^S 0 mi - 432 nY* . 
(b) Ca -Oíat the máximum hctght). ll' M - JF - -mg* . -mgs - -\m\ ) 



i* ■ Jli* •jírtm mVx525 mi ■ 101 mr . 

ty |5» m)t) J 

2hí '2<0 + 220H^K0 rnV) 

(e) A', = iimf . AT, =0, i -m#> , i*tere u* thc vertical hcigbt* *iit©'vi-fnn; ; and 

»f .CI2W .,»„ 
' 2g 2t9.S0mV) 

EvaIajaTE: In parto (el and <dk fríction doc* negatíw work and Ihc kinetíe encrgy \* redueed. In parí íat gravity 
doe» poillivc work and the «peed ¡ncrca*ci* In partí <bl and (c), gravity doex negativa work and the «peed dccrcdic*. 
The vertical bcighi in pan fe) i* ¡ndepcodent of ine ikipeanglc of the hilL 
6.16. lDE.vnn r : Frorn the work enerey relaiion. \f = W t ~ - 

Su L*p: As me rock r¡*c*, the gravitalional force^ /* ■ mg* doex work on the rock. Sinee thri Ibrcc acu in ine 

direction oppo«lc to the motion and duplaccmettt. r » the wxtrk i* negatíve. Let h be thc vertical dutance ihc rock 



Euxtm (n> Applying »X 1 —K i n^eoblain -mgA - Imxj - lmv¡ . Dtvidinii by m jnd wlving Ibr v |4 
v ( ■ ^v? + 2gh . Surnlilultng h - 1 5,0 m and v. ■ 25,0 m 1 ^ 

k 25-0 n»)* + 2(M0 m* ; )íl5.0m)-30Jm> , s 
(b) Solve Ihc *arnc wxirk'Cnergyrelaiionfor^ At the máximum bel gbi \\ =0. 

, , v'-v? (30 3 mkf -<0O nnd 1 ^ - 



Work and Kinrtic Energy 4*5 



EVALUATE: Note that ihc wciuht of 20 N was ncvcr utcJ in tlx calcula!*)!» bccausc boch gravitaitonal rxilcntul 
and kinci* cncrgy ate rroporiionaJ lomass.m Tbu* any objccU th¿: atiain*25.0 m>% al * hciirht of 15.0 n% muit nave 
aii inicial vclocityof JO.J mv As ihc rock moves upw ¿rd unn iiy doc* ncgalivc work and Ibis reduces Ihc kinetíc 
energyof the rock 

kl7. lofcvnFY and S»:f L'p: Apply tq.<ó.6|to the box. Leí pomi 1 be ai (he botiomof the inchrw and leí point 2 be al 
(he *kicr. Work i* done by gravityand by fneiuxv Si>Ive Ibr K t and from that obiain the required initial *pecd. 
EJBCims W m mK¡-K x 

Work U done by gravrty and friction, %o í P t ( ■ H _ * PF . 

íl - - jV. Ihc normal forcé is anconi and r- Ai'süia ■ here v ¡* ihe disiancc ine box travcl* along ibc 
incline. 

SubMrtutme these cxprcsiMms inlo the work'Cncrgv theorem give* 
-mgk ~ u.mgk tana --lm\'¡. 



Solving for v, then civc* ^-Jijíih^ un«i. 

EyalUaTE: The result ts inúependeni of Ihc massof the box. As «-> 90\ A —a and - yjlgit* the same a* 
riirowttig (he box tfraight up inlo ihc air. Por a ■ 90° Ihc normal forcé ¡s /ero so there ñ no ftxiioti 
6JS. IDEVTIFV: Anpry ir ■ ftco*¿*nd W\ ¥ - \K . 

Sur Up: Parallci lo mclinc: torce componen! H] - mguna , dora incline: drtplacemenl * - /»■ im« . duwn incline. 
Perpendicular lo Ihc incline: *-0. 

Cxíc i FF-i (u) IV - { m$ una Kft %in a) - mgfi H\ -Quince there U no dispiacement in thñ dircelion. 
tV_ t - W ♦ H\ m mWi , «une a» faUinu hcighl A. 

{b\ H' M - K t -K t givc% «nj* - -j-mv' and v» J2¿¿ , same a» ifhad been droppcd from hcivht fc Tne work done by 

gravily depends only on the vertical drtplacemenl of the object. When the Miope angle i% imall» there is a sirull Ibrce 
component in ihc direction of the diialaccmcnt bul a large di&placcrncnt in thi* direcuon. When the slopc angle u 
lar ve. (he torce componen! in (he direction of ihc dsplacemcni akm^ the incline n breer but ihc duplacemeni in ihn 
direction ñ smaller, 

<e> Ir - 15.0 m. mi i J~ 1 s . 

EvaLuaTE: The acceleralion and lime of travcl are dilTereni Ibr an obfecl «liding down an incline and an ofcjccl in 
ñw-falL but ihc Anal vclocíty b the same in (hc*c rnn» cases. 
í>. I 1 iti \ i im : W m ■ JCj- K t with l»; 4 ■ K\ - The car stops, so A\ = 0 . In cacti ca*c idenúry whn* h conslani and Kel 
upa ratio. 

Szj L t p: W t a-^.so -/< a-4 lfn Í - 



EvaLUaTE: The stopptng diilance is proportionat lo Ihc «|uare of Ine initial «peed. When Ine rríclion forcé 
inereases* the sloppmg dittancc decreases. 
Ui. lof.vnri and S*;f L'p: Anply tq.(6.6L The reialion helu^een the specds c L and v : lelU us Ihc rclation bctween K. 

and A' ; . 

Kuctu: (i> WmKg-Ki 
K t = vim^i AT; — ^ítrij 

fl») EYaLlatE: dependí orüy on the rmignitudc of v nolon ils direction, w me answer Ibr H ' m parí <a>does ftor 
depend on the final direction of Ihc elcctron's moción. The cketron ikms doun. so ils kinetic cnergy decrcasesand 
the total work done oti i! is nceatíve. 



6-6 < h*ptrr 6 



6.2 L iDfcVTIFY: Appty 'r-facoirfand tt^ ■ AJC . 

K\m i n : From Hquation* I). (6 .5;- and «o 6^ and «olvmg forf". 

F _ ±m(yj ->;) j<S.OO kgK(6,00 mfr) J -(4.00 m/rf) _ „ A ^ 

' j i <2.5flm> 

t! \ mi afe: The forcé i* ¡n ihe direction of ihc dbplaccmcnt* 10 ibc ¿bree doc* po*itivc work and the kinctíc cncrjíy 
ai the object uicreancs. 

6.21 Id*-viify md St; r L p: Use 1:4.16.6) lo calcúlale Ihc work done by (he Cénit 00 ihc hiLJ Tben use Eq*(6-2i ta ñnd Ibc 
duiancc «ver xvluch th» forcé actv 

JC t * f *nf - {.(0420 kgHlOO arf - 0 S4 J 
A = -mv: - -i0 4:0 kgJIo.OOm 1 *)' m 7,56 J 
rT w * ff¡ - JC, * 7.56 J - 0.K4 J = 6.72 J 

The 40.0 X forcé v the onry forcé doing work on (he bal!, m n nwi do 6.72 J ofworfc. W e -{Fcv%+}s gire* thai 

W 6.72 J 

s- ■ 0. 1<\S m 

Fem¿ (40.0 N'KcoiO) 

EyaJ-I'afe; The forcé t\ ¡n ihe dirección of the moción *o poiilivc work ¡& done and thix is conuttcni wilh an 
mercase ¡n kinclic cnergy. 
6-2X Idevtify: Apply = oA' . 

Sef Vfz i\ =0 , v,»»-. / k - js^wg and / k doc* negative work. The forre F-36.0 N i* in ihc dircelion of (he 

molkm and do» poulive work. 

I*\*:c t fk: (u) If ihcre i* no work done by frklion, the final kmciic cnergy » the work done by the applicd forcé* 
and solvinu f**t the %pcc¿ 



I2I# T ÍZFs L3f36.ONkl.20oi> 

J f -4.4Km v 

\ m V V (4J0kg> 

(b| The nel work i* F*- fe = {F - tijng )* . *o 

2(f-«H /2í5rv0S -|03OM4 JOkgK^ROrn riKl 20mi 



-3-61 rnt 

Y <4.Mkg) 
EyajaaFe: The toial work done i* larger ¡n the ab»cncc of fríciionand ibc final «peed i* larger in (hai case. 
^24. lofcMUV: Apply " ' -ttcns^and W m -5£ 

Skf Up: Tbe ir ra vi ly forcé has magnitudc wis- and i* dirccied downward. 

K\m i 11 ' (u) On ihe way un, grav¡t\' u opposcd 10 the direcbonof motioix. and 10 

W m -m£t --(0.145 kg»9 .SO m. « : H20.0 oí) - -28.4 J * 



[el No, in the atacnce of air rc*i&iancc. ihe hall wül have ihc «ame «peedon ihe way downaá on the way up. On the 
tvay doMn^gmviiy will ha ve done boih necame and pouuvc w«rk on ihc hall, but ihc net work at ihis hcieht will be 



EvauiaTE: Ax the baseball move* upvx ard. gravity does negalive work and (he speedof (he baseball decrc *c*. 
USL ( .1 1 l»i m a\ and Str Vr: Ute Eq.(6.2> 10 ñnd Ihc work done by the peuilive forcé. Tben use Eq.46.6) to find Ihe 
final kinetic cncrgy* and ihen K¡ ■ ^jmv? gi^es the final speed. 

A m = ¿ ( - <it) kgM4.00 rn %)' ■ S6.0 J 

The onJy Ibrcc Ibat óoc% work on the wagón U Ihc 10.0 N forcé, lh¡* forcé ñ in the direction of (he d« 
^ -0^ and Ibc forcé doesposím^e work: 

». - (FcomM* - (10.0 NKcoiOH J.0 m>- 30.0 J 

Thcn A' ■ H- + A - 30.0 J 4 56 O J ■ 86X1 J. 



Work and Kinctic Ijwryy 6-T 



(b) IDECTIFY: Appty y ^ " *<> ib* wagón ti> calcúlate a. Toen u*c a con&iant acccleralion cquaiion to calcúlate 
The Ircc-bodY diagram t* gh c :i in Figure 6,25, 

■ 



Siripi 




f 10.0 N 



- 1.43 m>V 



m 7,00 b 



*í, »*£ *2fl,(x-x,> 

v fa i J*¿ *2ff (x-x tf ) - JiWO m/*)' *■ 2(1 .43 iuVH3 0 m\ ¿ 4% nrt 

EYajxaTt: agrec* wiih ibc rctult calculaicd in parí ta) Tbe torce tn thc dircelion of thc molkm docs pouiive 

work and thc kinctic cncrgy and speed ¡ncrcasc* In pan 4 h i + thc cquivaicni siatcmcnt u ihat (he forec producen an 
acccleration in thc direction of me velocity and thú cairtc* thc magnitudc of thc vclociry to incrca*c. 

6.26. iDEvnrV: Appty W u =K¡- K, . 

Sur Up: K t -0 . Thc normal Ibrcedocs nowork. Tbe work ir done by gravity ¡1 fT - «t#A ♦ where h~L%mO ¡s 
thc vertical dtMancc thc blcck ha* droppcd w hen ii ha* travclcd a dixiancc L doun thc incline and O n thc anglc ihe 
plañe makci with thc hotiftintal 

EXíXUTE: Thc work'Cncrgy theorem give* v ■ /— - j J2gh - JlgLñnff ♦ i:*ing thc givcn numberx» 

v- J2í.9.80m.s ; )(075 m>*in36.9*- 2,97 nW*. 

EVALUATE: Thc final speed oí thc block i* thc same ai if it had been dioppcd fromaheight A + 

6.27. IdevTifY: JT M -K : - K t . Onty rrklkrn does work. 

scrur: jr w -r t A^o<car*iop*). 

■ 

Exr.tirTE: (a) H' -K¡-K t mvt% -¿/ t mgv --ian'* . j«— 5— _ 

W(0 íp^ - -i- - comunl w x # /í¿ - x,A* . x É sí¿Sa.V /2 . Tbe mínimum «topptng dulancc 

■ | a x ^ V 

would be halvcd. (ií) v w ■ 2vv . — - - conrtant ,10 ■ — í- . a« - x I ¡ -4r . Thc iloppíng dtMancc 

woüldbecpmc4iÍmeiaNgrcat liü) v„ =2v^ , ^ = 2^. -í^- J- - conMant , so 
a¿ *a^^-JJ— J o ^^jJ(2) J »2t .The stopping distancc «H>old doubk. 

Evaj lAFt-: Thc Mi>pping d»iance is dirociK' propon»onal to thc squarcof thc Ailtial «peed and indtrecily 
proporliocial to thc coc(i icicj ki of lundic IndKfn- 
6.2S. lotMin: Tbewark that murf be done to rnove Ihe end ofa spring frorn x^to x¡ \% W - ±kt¡ * fttf . Tbe torce 
rtquircd to nold thc end ofinespríng al dbplacemenix is /■', - A v 

Si l V?z Whcn thc spring is at iis umtretchcd Icnglh, x - 0 When thc spring in stretched. x > 0 , and wben thc 
spring is compresied. a <Q . 

ExtClfTE: (■> * - 0 and - 4-txí . A - üí- - J \ = 2.67 * 10* N-'m . 

* aj (0.0300 mr 

<b» F t -Ax -(2.67x10* XmHO.0300 ro)^S0l N 

4c) *, -0, t 3 = -0.0400 m . ir - -J<2.67 k 10* S mH -ÍUHIM) mi - 2! 4 J . 
F » Ax = (2,67-10* N. mHO.0400 m) -1070 N . 

EVALUATE: Whcn a «pring» mrtially unitretchcd. U cilber comprcised or itrelched. poiiüvc nxmc \% done by thc 
Ibrce Ihai movei thc end of ihe M>nnt*. 



64 < h jpirr 6 



b.29. (DíMin ¿nJSicVp: Use Eqi&S) lo calcúlale A fot thc spnng. Toen Eq*(6J0), with v - 0. canbemcdlo 
c jJwUhtc thc work done lo vircteh or compres* Inc *pnng an amotint i. 
Km;c i rt.: Use ihc infrrmauon viven lo calcúlale thc (orce corrtum of ihc spring, 

F=Ar flives ^ IC0N -3200X111 

.y 0.050 m 

4a) F I O00NmK00l5rn^4SN 

F-kt- (3200 XmK -0.020 m)- -64 N (niagmtudc M Ni 
<b) H'-^ J -^<320ÜX'mHO + OIS ra) 1 -036 J 

W * tx' ■ ±(3200 X mN - 0.020 m) J - 0 64 J 

Nr*c mal in cacb cate thc urork done n poiiltvc 

EVaU xrh: Thc forec i* noc consunl during Ibc displaccmcni «o EqJfi.2» t hwjioi be uscd + A forcé ta (he -ti 
dtrcction rt reojuired lo strcieh ine *pnug and a forcé m thc oppmitc directíon to cornpfcw jt+ Thc foicc / i.% m thc 

saine dircction as ibc duplaccmcnL, *o positivo work i* done in bolb cucs- 
630. J i > ■ \ mim Thr rragniiudc of tbe work can be Ibund by linding thc arca urnlcr thc ¡craph 

Si r i;p; Thc ¿rea undercach mangle ¡* 12 base* hcight . i\ > ti . so ihe work done i* positivc when 
dunng Ihc ditplaccmcni* 
ExxcirrE: (a) 1/2(8 m)(ION)-40J. 
<bM 2(4mHlON> i 20J. 
<c) 1/2(12 mXlON>s60J. 

EVau u i Thc «im of thc answcrs to naris (a) And I» ecjuah Ihc answer to pan <c). 
6JL IdeVTIFY: Use tbe work'Cnergy thcorctn and me resutts of Problcra 6J0. 

tafite Fot *-0io r-8.Dm. «' -40 J.For * = 0to x = l2J>m. »' -60 J 



i . (i)v- ídl — Íi-Zümíi 

IQkfl 



V io k g 



EVALUATE: F is alway* m thc -r -dircction* Por th» rnotion F don posilive work and thc specd continua! Iy 
inercasc*! d\innv thc rnotion- 

6J2_ Iin Min: The forcé bu only an * -componen! and ihc rnotion u along thc i-direction. so " - j F Jr . 
Sef Up: t - 0 and - 6.9 m t 

E\*:c t fe; Thc work you do wílb your cbanging forcé n 

rT-JVla^ít-J* (-20J>N>dr-J"(3.0 Km)wfi -(-20,0 N|»f; -(3.0 N/mK* ; >'2>E; 
rT--l3SN*m-7L4Nro- -209 J B 

EVALrxf E: Thc work i* negative hecause ibe c«w continúes lo nwc for^ard (in Ine -t-x-direciton } a» you vaínly 
¿tiempt lo piifJi bcr hackwxd. 
6JJ. IDB7TIIY: Anpty [k| <6 + 6> lo Ibc box. 

S» r l'P: Lct point 1 be jusi before thc box rcocnei thc end of Ihc spríngand leí nonti 2 be wbere Inc iprin$ Ilm 
máximum cotnprexsion and Ibc box hai momcniarily come lo reit 
EXECirTE: H'^ - K ; - A', 

Work U done by tbe «pring forcé. lt F u - -yir;* wfjere ¥ « thc amount me qiring u compreised* 
-^.faJ*-Í.^i¿ and x¡ ~ r t JmT¡ = (3 0 m^J|¿0 kgt 17500 Km) ■ H 5 cm 

EvaLITaTE: Thc comprcx&on of thc spring ¡ncreasei when eilber \\ or m incrcasex and decrcascx wben k increases 
(xblTer ipríng). 

6*34. iDEVtlFY: Tbe forcé applicd to thc «pringi b F^-kx. Tbe work ckineona «príng lo mo\c it* end fromx L lo t : ti 
W - U** 'he mformation mal ¡sgivcn lo calcúlale d + 

Si r l'P: When thc springs are compresicd 0.200 m frttrn ihcir uncompressed length^ .t, -0 and x> - -4.200 m . 
When ibc plaiform t% moved 0.200 m brther. x* becomet -4.400 m - 



Work and Kmclie Locryy 6-9 



EVALUATE: — - — : — í — MOOOSVm, F -¿t-(4000N ra«-4>200 mi ~ -ROO N Thc 

l^xj (0.200 m> -0 ' 

magni(udc of Torce rb*l h rcquircd n £00 N. 

(b) To compre» Ihc «prrag* frorn x t - Oto x } ■ -0.400 Ibc work required b 

íi --¿trj -ffcr ( J ■ f(4000 N ni H -0400 mV - 320 J . The ¿ddiiiorul imk rcquircd u 320 J -80 J -240 J . For 
x ■ -0,400 ra , F t ~ tt 1600 N. The magnitudeof Torce required i« 1600 N. 

EVAL1UTE: Mure xvoHt i* requited (o raove thc endof thc spunc from x - -O.200 m lo x - -O.4G0 rn than lo mo>c 
íl Tro ra x -0 »n x ■ -0.200 ra , cven Ihuugh ibc displaccmcni of Ihc pial forra i* thc *amc in cachete Thc magnitudc 
ot* Ihc forec incrcaic* a* thc comprc&tion of Ihc qiríng mercases 
fr_3S. iDE-MiH: Apply -mj to calcúlale thc // rc<pmctl for thc ttatic iVieinra forcé t« c\raa) ihc *rwmgforcc r 
LÍP: (ni Thc frcc*bodv diacram for thc clidcr n eiven m l'iuurc 635« 




ExKclfe: 



tizare M9 



K"W-*J = 0 

_ trf _ (20.0 N 'raKO 0S6 rn) _ | 7f . 
^"mg"<0J0OkgW9S0i»Vl" " 

Ib) IDkvnFV and SET UP: Apply - to ftnd Ibc máximum amotmt thc «prtng con be corcjirci^cd and 

nave (he repring forcé talanccd by friclion* Thcn uie H\ M - K¡ - K k lo find (he iiuiial speed thi( rctulu in tltit 
tompreution of ihc *pring whcti (he ¿¿líder stop* 

EXXCITTE: ftmx - kJ 

é _ Ujmg _ (0.60X0. 100 kgl(<MW 1 _ rt n 

* " 20 + ONm 
MiTA r apply ihc work-enctgy theorem to (he motíonof thc g líder; 

A ■ ¡.un . A ■ 0 (irBlaniancou»ly i 

«m - » M + *W - -t-W > - ÍMinljtanipfeM) 

--^(200 NraMO 02*4 mr - 0.47(0 100 k$*9 **l ra s >0 0;*Í4 mi - -41(02!!* J 

Theo -í.-Íl gira 4022 IS J --f"»í- 



K0.0221K J 

0.G7 m s 



[>100kg 

EVALUATE: In Üuraplc 6.S jji ini(¡al ipeed of 1 .50 ras comfirei«c« thc «pring 0*036 ra and ra parí (a> «f th» 
problem we Ibund (hat ihc gtider doctn't May Jt rc%t. )n pan itijue fixmd ibat a trtuüIerdiHplaceraent of 0.0294 ra 
wheo ihc gJidcr stops n reqoired if ¡I h lo rtay al retí. And wc calcúlale a irnallcr ¡nítíal speed (0.67 inulto produce 
lUn %ma\\ci dUptaccmcnt* 

6 J*. lOEVTirv: For (he *pring* W ■ 4tv; - ¿Jai * Appty fr u -IT, . 

Ser L t p: :5 muid í ? =0. 

EXECUTE: (a) W - Uxf - i(200 WmM -0.025 ral* - 0.060 J . 



(h) The work<ncrgy Iheorcm gi>cs ■ ¿ " - OIS ra v 

V m \ (4.0 kg) 

EVALUATE: Thc block mrae^ in thc direciránof (he spnng lotee, thc «pringdoc» poilitvc work and (he krael»; 
encrevof thc block increaic». 



tMu Chaptrr* 



6-3?* Id&yiim and S*;f L'p: Tb: nu^nirudc ofihc work done by F cquals ihc arca under thc F t venia .t curve, Thc 
work is posiltvc whcn /' and ihc ditplaccmcni are m thc same direction; it is ncgabvc whcn ihcy are in opposilc 
dircctioni. 

Euxi n : (a) F i* potriivc and thc displaccmcnt Ar a potilivc. so Jr>0< 
H' -.£(2.0 NH10 m> * (2.0 NH 1.0 m) ■ - 4.0 J 
41») Dunng ihis ditplacemctil - 0. «> í( ' - i) 

<e> í¡ nnegaiive. Ar itjxamvc.tt IT<0. Pr--^<L0NK20in)=- L.OJ 

<d) Thc work nlhc%«mi>ftlw^*mtocaft*U),n>kMid(í;>.io W -4.0 J +0-1.0 J ^ +3.0 J 

<r) Thc work done for y - 7.0 rn u> .\ Viim a ■ ! ■> I Thb work U positiva lince thc diqilactfmcnt and ihc forte 

areboth in thc -.Y«lireet¡on. Tnc magnitud* of thc work done for vO.0m lo y - 2 0 m Íi2.0J, Ihc Arca under F 

vcrsin x. Thii w h ork is ncgaiivc «inte thc duplaccmcnt u in thc --v-direction and ibc forec u in thc * y -direction. 

Thui H'-í-l.O J-2*0 J = -I.O J 

I-uii un Thc work done whcn thc car ni enes ftom .y - 2.0 ni to v - 0 is O S*2 i) mi ■ -10 J. Adding 
thu to ihc work for y - 7.0 m to x - 2.0 m give* a total of V ■ -3.0 J for * = 7.0 ni to * - 0. Thc work fe* 
x a 7.0 m to x-0 is ihc negative . i ■!■■. work for y - 0 lo x - 7.0 nv 
*3L IDENTIFY: Appry H' M ^ ^ - A' t . 

Sef L t p: A* - 0 . Froro 6.37» thc work : u 1 1 .0 m is 4.0 J. W for y - 0 lo y - 4.0 ni it alto 

4.0 J. For x-0*> *-7.0m. tt'-3.0 J. 

EXECUTB <a> A-4.0J .so v» JlKfm- j2|4.OJ>/(2.0kgi-2.O0m/j.* 
<b)Nowock udoncbehvecn i - 3.0 m and y - 4.0 m ■ «o thc specd is ihc same 2 .00 nvt. 

(c) A - 3.0 J . so vW2AViif -^(3.0 J)V(2.0kg)- 1.73 m/s* 

EVaixafk: In cach cate thc work done by Fis posilive and thc car garre* kinctic cncrey. 
6 J*. iDEYnry and Si. i L'P: Apply Eq.(6<6). Lcl point l be where thc slcd it retened and point 2 he at y - 0 for pon (a) 
and al ¿--0200 rn forpait(bK Use Eej(<U0) for Ihc wwk done byihc ipring and eakulate A\. Tben K¡ -$mví 
givei V;. 

bKVRS (■> H' M = K t - K, to K t ~ K, + »^ 
Ai- (relea^d i*iib no uiitíal vckkcityK A . = ^mr; 

Thc onJy Ibrcedoing work it ihc ipring forec. I*q.(6.10k gives thc work donc^w ihc «príng to move itt end rrom x, ft> 

x¡. Tbe forte thc tpring exertt *tn an otycct attathed lo ii t* F - -te* so Ine work thc spring doc* n 

H ^ = - (i AyJ - 4 tt ( ' ) = Urf - lkx\ Itcte y ( ^ -0 375 m and y ? -0 Una -4<4000K''ni)(-OJ75m) , -0-2Rl J 

jd«jc;+jr. >i j 

f2Í7 /2¡2kTJ 
70.0 kg 

■ i' ■ ^4»/ - ^nlr;. Now Yj ■ 0.200 nv *o 
W m «4(4000 N mM-0J75 mf -4< 4000 N.mM -0.200 inV -2EI J -SO J -201 J 



Thcn A% - ¿#rv; unpli« v . - — - ■ ^ — - 2.H3 



Thui A Ot 201 J - 201 J and A\ = J-iarj 0vn f^-J—L- P 201 J> -2.40 m.t- 

^ m Y ^ ^ k S 

EvaUiaTE: Thc tpríng docs pmitive work and thc sled caint speed ai il retunu to x - 0. More work it done 
during Ihc larger düpbccmcni in pan <aK *o Ihc ipeed Ihcre is largcr than in pah (b). 
lotxnn: F t = ir 

Skf Up: Whcn thc tpring it in cquilibrium. thc san*: forte h applied tobuih endt ofany tegment of thc .%pring. 
V.\tx i it : (a) Whcn a forte F a applied tocath end of ihc original tprmg* ihc end of thc *pring is diiplated a 
disiantc.v. Eaeh half of the speing elongates a distante y l t where i, - v 2 . Sirxc fu alw ihc íortc applied toi 
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ML 



(b) The same rca*on¡nga% in part (a) give» A w# ■ 31 , wbcrc A^ i* ihc forcé cctutani oí caeh *cgment + 

1 ; \ ui ui; l'or halfof thc springihc *ame forec produce* let* driplaccmcnt (han for thc original npring. Sincc 
k — Fix* imaller a for thc *amc ímcan* latgcrf. 

Idevüfv and S#;r L'p: Apply Eq(6 fino (he glidcr. Work b done by (he xpring and by gravity* Takc point I tobe 
where theglider i*relca*cd- In pan (alpomi 2 i* where thc ghdcr rrairavclcd L&Ornand A', »0. Thcre twopointi 
ircxhown ¡o Figure 6.41a In part(bj point 2 w where thc glider ha» rravelcdO.&Om* 
r.\M i rt : (a) H r u - A. - A, ±0. Sotvc for v J4 thc amounl the *pring is initially comprcued 

fl r.«^+ir v «« 



if -ir 



{Thc xpring doc* potilivc » *ork on 
thc c) ider sincc ibc * príng forec it 
directed up thc incline, ibc «ame ai 
ihc dircctíon of ihc d Hplnu iiifiil. 

Thc dircctíon* of Ihc diifilacement And of thc gravity toree are shown in Figure 6.4 Ib. 

IT ■ (h «Mtftf - [mg coi 1 3M> 

r ■ (0.0400 keH^W ms^íwnoO'^.W m) ■ -L020 J 

[Thc componen! of m paral Icl lo ibc incline i* 
direcicd down the incline, oppoiilc to thc 
.j- ^Lkin:!!' --.i gravity doe* negative work.} 





(b) The *pnng wu* compremed only 0.0565 m *o al thiv point in thc motíon 
tpnng. Point* I and 2 are *ho\tn in figure 6.41c, 



eider U no lonecr in conlact wiih Ihc 




JC-t 



P^rcUh 

From parí (a> t ■ L020 J and 

¡I . (^i;^U.1Ü.0. ( ■ »(tM.( Lvlt4S0nM iuo*. 1 30,0* «0 80 m>--0454 J 

Thcn JT t M| ' -+1.020 J -0.454 J»+#57 J. 

EVaUvaIT: Thc kinetic cnerey in part ib j i* positivc*. a* ii mu*t he. In pan (a). x t = 0 lince thc *>pring Ibrce is no 
lonecr apn) icd pa*t ihi* point In compuling Ihc work done by gravily »v use ihe full 0.80 m ihe glider uwts. 
iDEMirv: Apply ir ^ - tC^- K t to the bríck* Work ¡s done by thc «pring (bree and by gravity. 

Sr.r Up: At rae máximum hcight. i - 0 . Gravity doc* negative work. 1*^ - -m¿:^ . Thc work done b> Ihc qiríng 
h yArf 3 . where b the diaance thc ^pring h compre*xcd intlially. 

H\*.t i rt ; The inltial and final kinetic eneren oí thc hock are boih /cío. «o Ine nct uork done on Ine hrick by the 

d - Jlmghii - ^ilSO LgK9.ftO ra * J X^^ m)/1450 N/m) - 0.53 m Tbe «príng wíll provide an upward Toree 

ulule thc spnng and the hrick are in conlact. \Mtcn thii Ibrce goes to /ero, ihc ipríng u at it* uncon^ircued Icntitb. 
Huí when thc *pring reachc» it* uncomprc^ied length thc bríck ha*, an upwatd vetocity and ka ve* thc *príng. 
EVALUATE: Gravity doc* negativa ^ork becau*e thc gravity forec ñ doi*n\vanl and the hrick move* upwani. Thc 
*pnnff forec ónc% po<tití\e ívork on thc hrick becauie the *pring forec i* up^'ard and Ihc hrick mo\c* upward. 



6.43. lotiviiM : Apply thc te la t ion hciwccn encrgy md power. 

SEf Up; Use /*■ — lo *olvc (or W F t thc cncrgy thc bulb uic*. Tbcn %ci thii valúe cqiul Íihv* and * ohc Ibr ihc 
Ai 



A' - 3.6x10' J so ,.JE.E¡É5.NM« 

EVALUATE: Ülympic runners achieve *peed* up lo appro*hraicly 36 m< or roughly onc third thc repulí cateutated 
lot-MlM : flftcrgy is power tímci timo. 

Svftfe |W»tlb. L>t>3.16xI0 ? s. 
(3.16x10' f/jt) 

3*2x10' W 

ib) -II k\V,pcrcon 

3.0*10* IblW* 

^ , 3.2*10" W mUx \tf m > iSO o km*. 

<0.4d)I.O*l<> W id' 

EVALUATE: The arca ui part (c) corresponda lo a **|uarc ibaul 2K kmon a *idc which t% aboui IH mjlc«. The «pace 
rcqtiiFcd ii rxH an impcdímcnl, 

M5. IDEVTOY: r ■ ^íj- . ü the cncrgy rcleascd. 

Sur L t p: AJT i* u>be the «ame 1 y ■ 3, 156* L0 ? i . 
Immii: P Ai - AJF - comunl . «o /■ ^Af. ■ ♦ 



^Ar„ í l 0.20* J 



EVALUATE: Since the power output of ihe magnetar t% id much toiutr ttun ihat ofour sun. thc mcchanixfn by whkh 
il radíate* cncrgy muit be quile diflerent. 
6.46. IdevIwv: Tbc i herma I cncrgy i* produced a* a rc*ult of Ibe forcé of friclion* F ■ fK m %+ Thc average ihcrmal 

power ¡* thus tbc average ratc of work done by fricüon or P—F t v^ - 
IAmiii: /* = Fv_ -[(0.200)(20.0kgll9.g0m'* i l]<4.00m*) = l57 W 

EVah ui: llie power voukí jlio he ocnjrtniixd a* llic Mtc »ích«ingc of kincln: cncrgy. AA'/j. u here thc time u 
cateutued iVoni » » i* +af and <r i* caJcuiaied from a forcé balance, - mo ■ 
6.4 T. iDEvnn : ü v ihe rclation /* ■ f¡r to rebte thc gíveti forcé and vclocity u> thc total power devcktped. 
SETUF: lhp-746W 

EXKCITTE: Tbc lolat power W P - i v -H65 >J H'9jXi m s>- I,4*> ■* ]í* W. Each rider ihereforc contríbutes 

-(««xIO 1 W)/2>WW«I hp 

Ev aja'aFe: Thc teuilt ofone horbcpon h cr b very Urge; a rider could nal «utum thíi outpot for long períods of 
time. 

6.4 S. Idíaiih 4jhI S#;r L p: Calcuiaic thc poner uied lo imkc thc plañe climb Ayainit gnvity. Con^ider Ihe vertical 
molkin lince gnvity u vertical. 

EuTiíf E; Tbc rale al wbicb i*ork ú beine dañe ¿gaimt gravity ü 
P*Fv-*t& -1700 kgK9¿0 mVK2.5 m*)= 17-IS kW. 

Th*4 n the parí of thc enginc power thai t% being uved lo ntakc thc atrpUnc climb. Thc ftaelion IhU b of Ine lotal \% 
l7.l5kW;75kW = 0.23. 

EvaLUaTE: The power wc calcúlale Ibr making Ihe airplanc climb t% considerably leu than ihc power oulput of thc 
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6.49, IdevTIFY: P„ ■ ^jí|- . Thc work you do in lifting mas* iw a hcigbt A* U m#n> 
SetUf: lhp = 746W 

E\EC i n ; (y) The nuntívr per rninute would Iv thc averave powcr drvided by ihc work úm^íi l rcmiitcd (o lili onc 



« UfMO mVH0.9Omi ' ' 



<h> Similarly. (MOWJ _ ft J?s . w 22,7 /muí, 

(3Okg)(9A0 mí*-Ka90m} ' 
EVALUATE: A 30>kg eme ttoch* about 66 fcv li i* not posible fot a perwn to pcrfomi work al th« ratc. 
».5#. Idevtifv and Ser L'p: Use Eq{6.15} to reíale the poucr provided and thc amounl of work done againsi gravity in 
16 0 x. Thc work done awamii gravity dependí on (he lotal wcighi which dependion the niunber of paisctigcrv 
Execute: Find (he total nun thai can be liñcd: 

" Al I gh 
gh <9HDnWH20.0mi 



Thtí iithc(otal mjn ofelevator plui pai*cngerv The mas* of thc pauenger* i* 2,436x10' kg-ó00kg- 1 «36*10 kv. 
TrununtbeTofrxuurnccrx» IJM * IQ> ^.w ? 28 dhbmob cunda. 



65.» kg 

EYaeiiaTE: Typieal cicvaior earxicilic* are about haJf ihis, in arder lo bnve a margjn of «fety. 
6.51. Ideatify: Calcúlale (he callón* of ga*olinc consumed and from that thc encrgy consumed I'md ihc lime Ai for thc 



trip and use P m ■ , where Aíl" i% thc cnergy consumed. 

SETUP: 200km-124rm 

EXECirTE: (a) The gal bm of gaiolme consurtied i» ^ ^ . 1 



(4.13 gaIMl3xlO*Jgal>- 14*10* I, 

Ib) The t»mc Ibrlhernpi* illüü- 107 b -7450*. P„- — a 5 ' 4 * 10 1 -7.2x1o* W«720kW 
fiOmiJi il/ 7450* 

7^0 x lo' \V 

EVAUrAlT: Thc tale of cncrey con*umpt¡on u — -970hn 

1 746 Whp 1 



6.52. IdevTIFY: Appty P-F t \\ F t b the forcé Foíwatar 
SET Up: I hp - 746 W . 1 fcnvh ■ 0.228 m's 

Emi 1 1 i : (0.70K2 g Q.0Q0h P X746 W,hp l a|Jx|tfx 

v <6S km. h» ((0.228 iiivd krnb)) 

EVALUATE: Thc po*cr required depende on specd. bccau*c of (he tactor of vin P - F t r and abo bccaiutc Ibe 

re*í*ltve forcé incrcam wirb speed. 

6.53. toi \ 1 .t \ ~. Ja ! , 1 (he ikicr« 4 Ihe rope mwt do po»m'C «xirk tocounlcraci (he negatiw wurk dcwlopcd by thc 
cotnponent of (he graviialional forcé actingon (he (otal number of \kicT*, 



EXECt'TE: P^ - F trrt v =[+Smg(ea*+)\v . 

-í(50rider*)(70.0ksíl9.80rr** i Hca< 75^)1 02.0 krn.l0| 1 m% 1 

J _ V 3.60 km h ' 

P t „ - 2.96x 10* W - 29 6 kW 



EVAlJMTE: Sonic adurtlonal po^cr ■wtmld be needed to give thc rtoen kinetic crvcrgy a^ they are aecelcrated Irom 



6.14 (hapttrft 



6.54* lot-Min: Relate powcr. work and lime 

5i;f Up Work done in each rtrokc tt W -Fs and P„ ■ fT/j ■ 

Exr.tirTE: lOOsirokcs per secondmean* P fr - IOí)/\/i wnh / - I <M> i. T - 2m# and f-OOIOm, r ¿0.20W, 
Hv ai i ui : Tora 70 kg person (oapply a forec of hvtec bu wcight ihrough adulante of 0.5Q ni for 100 time* pe 
*ccond. lite averace powcr ouiput wouldbc 7.0» 10* \V . Thb powcr output w vm farbcvond ihc cafiabilily of a 



6.55* lot-viiFi: Fot nun Jui kicaied a diitancc z from thc axis and movíng wiih qieod v, ib? kmebe cncrgY u 
A' ■ ¿i ■ Folbw ihc procedure specifted in thc hini 

Si: r Up; Tbc bar and an infiniic*¡mal mas* ckmcni atona thc bar are sketched in Figure 6.55. U-i *W ■ tobl 

¿nd r - lime for one revutur n > v - . 

T 

I \n i n : , dm tLdx , *o 

•■kf*)(¥HT)(í)MT)^)(^-A- 

There are 5 rcvohttion* in 3 seconds, so r - 3/5 * - 060 v 

K m ir 1 1 : 0 Ui (2 00 mi :<060 s) J - g77 J. 



EVAUMTE: If a point mas* 12X1 kgü 2.00 m from thc axis and rotatc* al thc same me ai thc bar 

060 i 

0 .33. Thc speed of a scument of thc bar 



y ■ ^ * ^ 20 9 ra. * and A" -±m^ =402 kgK20,9 ms) a =2.62x10' J . K for iht bartfsiruhcrbya 

0.60 s 




6.56. [ut\ nv\ : Dcnsity ¡s massper unit volurac, p—mtV , so wc can calcúlale thc man of ihe Asictoíd. K ■ ^mv 1 . 
Síncc thc asicroid comes to retí, thc kinel»; cncrgy it drlivers cquals ¡ts radial kincltc cncijty. 

SET L'p: Tbe volunte of asphere it reUlcdioiudianiclerby l* -—xd\ 

6 

EttXlíTE: (»> r = ^320m) l = L72xlO T m\ 1 w=yrf'-(2600kg. l m'Kl.72*ílO : ra*)- 4.47- 10" kg. 
6 

JC - ±mv : ~ f (4¿7xl0" kg)(12*6* LO* nV*i ¡ =3.55* 10" J . 

<b r Theyield ifaCastle* Üraw dev»cc ¡* 0 «X^lHitlO 14 J)» 6\2Hxltf* J . Í^l|í_i.¿ 56.5 dmoa. 

EvaUTaTE: )f %uch an asicrMd u'crc lo hii thc eanh thc ciTcct would be catastrophK. 

6.57. locvnn' and Szf L'P: Suicc thc foreei are consiant, Eq.(6.2) can be used lo calcúlale ihc work done by cach forec 
Thc forcee on thc suilcaic are xhown in Figure 6.57a. 




Fíínrc 6.57* 

In part (f >» l .^.*6.6| i» used lo relate Ibe loiat work to thc ínilial and final kinclic cncrgy. 
Exf.Ct 1 1 : la) it'. ■ {F cot^)< 

Dolh r and i are ixmilld ti> ihe incline and m ihc ™ direciion.Ki ó-<*(f and H> h , - Fi -<J40N)í3.SOn.i- 5Í2 J 
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(b) Thedircctionsof the diifilaccmcnt and of the gravity forcé are ¿hown in Figure ti- 57b* 
n * IT =<kcc*í>* 

0-115* «o 

! H; -<I9ó NXcnil I5*)<3 80 m> 

H; =-315 J 
Figure 6,57b 

Alternalively* Ihc compon c itf of n paral kl to ihe incline n huji^'. Tb» compotCTl i* down (he incline io ib artgk 

«un i i* p .-" =(]%N»in25^(cci«]&r)(3Jt0m) = -3l5J. oüier compooenl oí h. »»eo*25\ u 

pcrpcrfchcular lo % nnd henee doe*t no «xtrk. Tbui IT -tt' t44Ít . - -315 J. which aeree* wilh tht above 

[c> The normal torce i% perpendicular lo the diiplaccmenl 0 ■ 90' i. hi H\ - 0. 

(d> »«u*cc«25 s «o >¡ = ■ *4**»»JS" N)a»25*- 53*3 N 

H; =(/ fc co*^* = (53JNKcc*IS0 & K3*80ni) = -202 J 

(* i W m *W 9 +T 9 +»1 tfM J -315 J-»0 - 202J =15 J 




; it nwvciup ihe incline. 

6 J8. iDEvnrv: llke i*ork he does to bit hü body a dbiancc A ii W - umj/i * The work per unit rtuu ¡x <Jr'/m) ■ £** 
SKI Vil TbcquintiiygA has uniti of Nkg* 

EXECITTE: (a) The man doei work, <9.fi N f /*gr <0*J m> ■ 3.92 J/kg* 
(b) (392 J/kg>/(70 J/kg)*lÜO=5*6%. 

<e)ThechiUdoc*work |M N/kg)<0*2 mi - i 96 J/kg* <l*96 J/kg)/<70 J/*g)xlOO = 2*B%* 

(d) ll'hoth rite nun and (he child can ihi worfcai the rale of 70 J/ke, and ¿fine child only nccd&louxe 1*96 J/kg 

indicad of 3.92 J/kg, (he child thould be ¿Me lo do more chin up* 

Evajj ATE: Since Ihc child has arir» half the kngth of hi* father** anrc 4 the child rnu*l bft hw body only 0*20 ra lo 
do a ehin-up* 

6.59. lOEVtirV: Appry (he definiliotb of 1MA and AMA given in the probknv 

Sur Up: When the objcci moves a dixiancc L along the mmp, it rises a vcrbeal diMancc hiit^ . 

EXíXtTE; (a) * ■ L, a -Lnna^ so IMA ■ — ! — . 

«n a 

l*|lf.4*lMW*W.MF^ 

« ) The pulley U ifceiched m Figure 6*59, 

(d| - - - < F ~**~> - F ~t F * - AMA 

EVaUatT: F 4 -rana and r^-W- 4/^MOM*r*ncr)¿. WUXO" *<»n«I) . Tbereíbre, 

Mj lb1 > * A imalkr forcé aciing mcr a Urger dutance doe« the same amount of work a* a largcr forcé 



HtEure 6*59 

6.69. lotvnrv: Apply V f - ma toeachUock lo ñnd the tenxíoo rn Ihe strirtg. Each Ibrce i% comtanl and W -Fxeo*é 
SO U*z The free body diagram for eaeh bloek ■ given in Figure 6*60* m t - 20 0 N - 2*04 kg and 
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200 S" btock: JT M - 7s - (7,50 N)|0\750 oí) - 5.62 J ♦ 
110 N btock: - («^ - T\t - (12,0 N - 7,50 NM 0.750 oi> - 3 JR J 

r - 6,50 N * (5 50 NX0-625) - 9,94 N , 
IMHUodC »^-(r-/ t M-|9 94N-6.50N"KO750mí-2 5SJ 
12-OXbtock: r fc4 -í«v-ri*-(l2,0N-9 t 94\KO 750mUl.54 J 

EVALUATE: Süicc thc iu« bWb movc with cqual spcctb*. fot cach Mock lf M = tC t - tf ( Í*propaftiociil to thc 
[or wciuhil of ihai block, With IWcixm (he uain in kinctic cttcrgY ix les*. *i> thc lotal work en cae h block « 1c». 



6.61. lOEVtirV: £ ^uiv 1 . Find thc ¿peed of Ihcrinitib rclanvc tuthccuih 4nd retom e to thc *alclliic 
Ser Up: Vclocity i* di*tancc divided by time. For une Mbit ihc shuttk Ira ve I* a dUuncc 2xA* - 



lAu ui: 



2 2 V T } 2 1(901 min> (60 i/mín) í 



(b) it;2)nn-' -(1/2) {86,400 kg)(< 1,00 m)/(3W>iH J -4,80*10* J. 

K\ All afe: Thc kinctic cncrgy of an objccl dependa on Ihc rcfcrcncc ftanv ¡n wlticlt il ¡* narasured 
161 iDtvnrv: r ■ ftem ¿ . w m ■ JC a - Jt; . 

Sirl.p; i* - « € /í TK: normal totee « n -mgco%Ü, with íí¿ I2.0 6 - The coniponcni of ihc wcicht para t Id lo ihc 
incline \% mg lin 0 . 

I \m i m : (■) 0 : < ,,i ..i W f .i.-^í-m ii.i.lln.HiO^^Xt m/*'Hc<* I2.0*t(L50ml*-22J J 

1b» <500kg)(9BO ra/*'M*¡o120 í Hl,50m) = ]5J J. 
(e)The normal (bree doci no work, 
<d> W - 15,3 J - 22 3 J = -7,0 J, 



(e) A'j - JC. -(l/2H5 00kgK2,2 ro/*> -7AJ = 5 I J . and «i ^2(5.1 J)'(5,00 kg| - L4 rn/s. 
Evaj.l afe: Friction doc* negative work and gravity doe* positive »t*f k The ncl worit is negalivc and thc kinetic 
energy of thc ottycci dccmxei, 
b.63. loiAim: Thc cfteclive forcé conxiant a deñncd by k íñ - Ftx, where Fa Ihc furec jpplicd locach end of Ibe 
xpcing coDibinaticfl and r ñ thc amcunt ihc «pring combimtion \% nlrctchcd. 

Sur t'P: Comider a forcé /*applkd tocachendof thc combinainn. Tben F.and I\ jjc thc Ibrcct ^pplicd toeacb 
^pnng má F - F, > F¡ , E^cb «firing ureicbü thc «me amouM x. 

I \m i m : F-k^x. F ^F^Fj-k^x + k^x . Eenialmg ihc lwoexpcewion* for Fgive» 
<b>The «me pcocedurc asía pon (a) give» ■*é+*i 

EvaUTaTE: TheciTecItvc fecee conxiant of ihe configtiralion \x greater than auy of thc forcé contUnl* of thc 
individual *pnngv More forec it required lo Mrctch ihe paral Icl combinalHin that u rcojuired lo rtrclcbcach «eparate 
spring ihe «ame amount . 
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6.64* lotAriFY: Tbc cfteclive forcé cansiant is dcñncd by i. ■ Fix , whcxeFU thc forte apphcd lo cach end of thc 
speing combauü ioa and x ñ thc amount ibc »pr¡ng combination i* sUetchcd. 

Skf UP: Considcr a forcé Fapplicd to cach end of thc cornoinaiKin. Tbciamc forcé Fix applicd to cach ipríng* 
Spring 1 atache* a dituncc x A and iprmg 2 tirctche* a duiancc i : .tth«t x, - f7¿,and x, - F/* ; . The louJ 

dist anee (he combüialton «tretchc* is x = x ( + x 4 . 

F F F u \ II 

r. VLt ims (al X = X H t .t» if Ats — - — and — ■— +— . 

(h} The same procedure a* ín part (a) gi>c* ■ -+.—+■»+—« 

EVALUATE: v:-iiís ihc ictuli in pan U> can be vtrilten as A., --^i—.Theefíectíve forte comtani for 

(he tv*t» sprinus ¡n «ches W le» Iban thc forcé consiant for eacb individual *nring* It lakc* less forcé to sircich thc 
combinalion an amount x ihan io %trctch ciiher teparate «pring an amount x. 
6.65. lOEVTIFV: Apply BqiéJy. 

* x" x 



t'AM III; 



- k\ — — — I. Thc forcé i* given lo be altraclivc, so F < 0 . 



and A mu*t K* positive. If x* > x t , — < — * and W < 0. 

Xj x, 

(b) Taking "ilowly" tobe constant tpeed. (he nci forcé on (he objecl iszcro* Thc forcé appticd by ihc hand t* 
opposilc^ , and Ihe vrork done ¡* negalive ofthat found in pan (a), or k\ — - — I* which i* positive if x, >x, . 

u *>) 

1c) Thc answexs have thc «ame magniludc but oppootc ttgns: Ibis ñ lo be cxpccicd* Ín ihal thc nci work done n «to. 
EvaluaTE: Youx forcé is dirccied away ftom Ihe origin. sowhcn Ihe object moves avtay frorn thc origin your forec 
docs posilive work< 
166. lofcvnrv: Apply Eq>{6*6>«>lbc molion of theaslcroíd, 

SKF Up; Lct point J be al a grcat ditfancc and lct noinl 2 be al (he surfacc of Ibccanh. Astumc A', - 0. Trom Ihe 
informaiion givvn about ihe gravitational forcé ils rmgnthxle asa funclionof disiancc e from thc center of (heeanh 
mutl be F - ^ ' f \ - Thi* forcé \* directed in (he -# direction since II is a "pulí" F \% not constant *q Eq + í6.7J 
nuut be used lo calcnlalc (he work it docs. 

Thiigivcs A:, -mg/t, = L25-ltf J J 



AT ; - fmr; so v f ■ V C K : . 75 - 1 1.000 m * 

EVALUATE: Nota that v¡ - J2glí;., Ihe ¡mpact ipeed is mdcpcndcnl of thc mass ofihe a*letoíd, 

6.67. iDCvnn : Calcúlale (he work done by Inclion and apply fT u ■ K : - K¡ . Since tbc fríction forcé is not conaant, 
use tq.(ó,7> lo calcúlale (he work, 

mi n Lct ■ be ihe disiancc posi/*. Since fi A increasei hnearly withx. -0.100* Hx, Ul>en í- 12 5 ni. 

A ■ 0.600. » A m 0 500 (i: 5 mi ^ 0.0400 -ni 

EXKCLTE: (■> 1 "i\ -Kj-Kt gira *Jk t '" ■■' ■ '' > 1 ■ "■' ihe above expreuion for , 

gj^<ai00tya)irx-li;aod g^OJOOíXjíJ^-J-Ivf . <»BOm's i >|<OJ0fl)x ( *(O.O4Ofl. l m 

Solving for X; gives x ; - 5 J l m * 

<b) /i - 0 1 00 -t i OíMOft m H 5 M m> - 0.304 
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(el PPL-JC,-JC| iñve* -t\mgx s - O— -muí. x^mJÍ^m < 45l>n »*> .íojm. 

X ' " 1 ' ^ 1 2 1 2/j 4 g 2(0.100)19.80 inVI 

EvaUiaTE: The box goe* fanher when Ihc friction cocITicicni doc*n'i mcrca*c. 

6.6S. lot.s IHY= Use Eq.16.7) to cataibu H 

Stí UP: x t ■ 0 . In parí (a), v. ■ 0,050 m . In pan (H -i. ■ -0.050 m * 

H'-(50ON:m)r; -(2J1 N/mV¡ + (3000 N/m 1 )*!- Wheni r¿ - 0050 en, P«U2J. 
(b)Whco j^-OOSOm, JT-0J7I. 

<e| Ifseasier losirctch the spring; Ihc qjiiadralic -hv' lemi ñ atways in (he -t-diralkHK and mi Ihc ittcckd forcé* 
and henee the needed work. will be lera when x : > 0 . 

BVAUUTn Vflicn * - 0.050 ra . F - 4J5 N When t = -0.050 en . F - 825 N . 
6.ft9. lot-MiH and Skf t"P: Uw ]Tf -uid lotlnd (he lengón fecee r.TbcMock raove* ¡nuniform circular roolion and 

{■) The irec-body didgram fot the block W gíven in figure 6.69. 

A 




■(0-120 fcB>< ftTO ^'-ai5N 
fc 0.40 m 



(b)r--iíl-(OM20ka)Pf^-94N 
* * 0,10 m 

¡üm;!!' : Meraion change* a* ihc d»uncc of the block from the hole change*. Wecoulduic H* -j' F dx id 

calcúlate the work Bul a much sünplcr approacfa \% to use H' M ■ K¡ — K,. 

r \ m i m : The only torce dotng work on the block b the tenuoo in ihc cord t so m W t . 

K t *4m>í =4(0 120 kgMO 70 m *» - O ,02*4 J 
IT, --^«v? - 4(0.120 kgX2.S0 m *) ; - 0.470 J 

H' M - i, - K t - 0,470 J - 0,029 J - 0.44 J 
Thü i* the amount of work done by the pe non who pulled the cord. 

EvaLUaTE: The block romes tnward, in the direcitonof the tensión, so Fdocs posiiivc work and the kinclic üKtvy 

¡DOnMCi. 

IdevIwv: Use Eq J 6 7 1 to find ihc work oonc hy F. Then apply W^-K^-Ky. 

hhin: J#* *f * ^.Jx^aJ— j. IT «^2.12*10^ N-m*X(O¿O0m l )-1\¿5x\lt nr'»*-2.ÓSxlÜ**' I * 
Note ihal x, a «i bree compared io + r ihai the term 1/x. ix negliffihle, Then + uiing UtL (6,13>land *ohiíig Ibr v* r 



V «V <L6?vlO f kgt 



(b> With A'v «0^ PT ■ -JT, . Usñig a , 



' AT, «ni <1.67)-10 ' kgX^OO^lO* m*r 
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(c) The repubive forcé hai done no nct »or L so ihc kinclic cneryy and henee ibc «peed of Ibe protón bove their 
original valucv and thc «peed i* 1.00 * 10* nV* _ 

EVALUATE: /Vi thc protón move* inward the uranium noclcus ihe rcpulsíve forre doc* ncuaiive u«V and Ihe 
kineric cncrgy of Ihe protón dcerca*cs* As the protón movcsaway from Ihe uuimum nuelcui ihe repubive forec docs 
pfKitiw wnrk and ihe kinctic cncrgy oí thc prolon inervases* 

6.71, iDfivim JndS#;rl >: Use \\ -dvdt and a. -dvjdu Use ^/'-hwt lo calcúlate F from a 

di 

r ■ 1 00 c v + m 2(0200 m t H J 00 i) * 3<0 + 0200 m s < 4 00 s) 3 ■ 2.56 nVs. 
<b) a t U)~—^2a*6fli 
F t m ma. - *»(2*i * 6/ftj 

r ■ 4 00 t F 4 ■ 6.00 kg<2iO + 2W »vV 6(0 0200 mV «4 00 %)) ■ 5 + 28 N 
<c> lotvrm and Su U' Use Eq (6.6) lo calcúlale ihe wonV 

Al i t -0. 'i so JC, = 0, 

JCj - _ . . ■ _ r . „ v . . 2.5 ■ m i)' ■ 19.7 J 
Then - JCj - JC. giv<s ihai «; = 19.7 J 

Hv ai.i u i i v incrcaics wiih i so the kinclic encrgy mércate* and ihe averie done » posiiivc. We cao aImi cakulate 
íl'. dircctly from Eo.(ó*7k by wiling ¿h o» v. di and performing the integral 

6.72, IdevtifY: Since ihe capsule come* torest. thc amount uf work Ihe capsule does on the g round cquals jts original 
kinel»; cncrgy* Use conttant accclcralton Lmcnunc cquatíon* ti> calcúlale the siopping lime ft Ai = i . 

Si: r UP: J 1 1 knvh ■ v>>4 m's . Leí +j be the dircelion ihe capsuk ¡* iniveling before thc crash* 

I \m i ii: M*sK t =$mrÍ -^(210 kgXH6.4 rn/*) ; -7,B4* 10* J , v-v»^0ft]0ro, r #l -IWUmsand \\ «0. 

4 [ 2 ) r tt 86 4 m s dv D.0IS75* 

EVALUATE: A latgc amount of ttork b dooe ¡o a vety unall amount of time. 
6,7J, lof.vnn' and SeT t'wi Use üq.(6 + 6> + You do pcaitíve work and gravity doc* negative *ork. Lcl point I be al loe 
bate of thc bridge and point 2 be al Ihe lop oí thc bridge. 
KXCCUTE: (n> W m -K¡-K t 

K, ■ ■ HW 0 kgK5M ra O" ■ 1000 J 

*í - fimj * kgKl.50 wrf*» J 

H' M -90J-IOO0J--9iOJ 

<b) Ncj^eding friciHHV work i* done by you (with the Ibrce you apply to the pedab) and b>' gravity: 

K m - "* The gravity forcé ii ^ «ji; - |S1) 0 Lu«*> SO ni t i - ?M N. donnward. The diiplaccoicnt U 

5.20 oí, upward Thut fi - 1 80* and 

W w K -(Fcco<>M-<7R4N>5 + 20m)omlHO í --4l)77 J 

- - - -91 0 J - (-4077 - -»3 1 70 J 

EvaUiaTE: The tolal work dooe t% negative and yon lose kinctic coergy, 
6,74, lüt-s IWV= Use Eq46 7) to cakubte Jf ' 



r * b b 
EXECUTE: (u) W - — dx 



. Noteihai Ibr ihispan. for ■>L*^* a» r->^. 



6-20 < h*pi rr fc 



iWWhcri 0 < n < I. thc unproper integral must be used W ■ Itm ^— í— < jrj" J — j»J *)J. nnd tarara thc expooent on 

thc vV i* positive. ihc hmiidocs nal exisu Mid ibc integral diverges* Thb i% micrprctcd as thc forcé Fctoingan 
m fin ilc amount of work.cven though F->0 » 

EVALUATE: Thc work-cncrgy ibcorcm says Ihai úxí object gam* an infinite aroounl of kinctic cncicy wben an 
inlinric amount of work i* done on h\ 
6*75* IdevtifY: Thc ncgative vwik dooc by Ihc sprint; cquah ihc change in kinctic cncrgy uf thc car 

Si: i l "r: Tbc work ckrnc by a i príng when il í* compressed a dixtance v from cp^ilibriutn is --tr A. -0, 

i \m i ii -ffcr' givc* £W --J-ufand 

070 mi* - 1 ó' lü NDi . 

EVALUATE: When thc spring is ettnprcsicd. Ihc spring forcé isdjrccicd opposiic ii> &k dctplaccmcnl of thc object 
4jhI thc work done by thc *pnng ¡s negative. 
6.7*. IdíXTIFY: Anprv W„ - K t - K t . 

Skf I'p: Lct «.be thc ¡nilial disiancc thc spring i» comprcsicd. Tbc vtork done by ibc «príng U ¿ht¿ -y&x* , where 
x i» ibc fiml distancc thc spnng i* comprcs*cd. 

E\ECt fk: (u) üquaiwg ihc work ckmc by ihc spriitc lo thc gain ¡n kinclic cncrgy. -íi* ■ -wji J . so 

|b> il'„ muM no» inchidc friiimn. «i 4"»'' - W'„ - T fc^ - . wbav /it ihe magnitud? ofihc Tiiclton Coree. Thcn. 

r.J*¿-V- . <0 .Q60m)--- 2 ' M0N > 

Vnt * m 4 yo r 0300kg (0.0300 kg> 

(c) Thc greatest spccdoccurs when thc accclcration (and Ihc nct forcejare /cn> Lct \ be thc amount thc spnnc is «lili 

f 6.00 N 

coropretsed, %o thc distante thc hall hxi mmed is * 4 - j . ir - f*. xa — ■ - 0.015(1 m . To fmd thc toecd. 



thc ncl worfc \% W m a ^k(^~^}~/(x t — j), so thc imxioium ¿peedift v #-t - J — (j¿ - t J )-^-( í r t — 
\060 ml J -<0.0150ni)')' 2 < 6Q0N > (0 t Q60 ni -0,0150 m)-520 m* 



Yl00300kgí (0.0300 kg) 

EVALirATE: Ibc máximum ipccd wiih frictíon prese nt ipoxt ici> U kirger than thc rcsult ol püti fhl but imaller ihan 
thc rcsuli of pan ía) + 

6.7T. iDcvrm and Sw*J L'p: Use Bq.(6 + 6) + Work i% done by thc spnng and by uravily. Lct poüil 1 be wbcrc thc icxthoiik 
t*. rclcatcd and pomt 2 he where ii stops sliding. x¡ ■ 0 *\ncc al poinl 2 thc spnng is nciihcr sirctchcd ñor 

compressed. Thc situation n skcichcd tn l'icure 6.77. 
EJUCUTE: 



■a/A- r 



*y^r t \ where x t * 0.250 m <Sprüig forcé i% ia direciiooof motionof bloek so it docs pwuive work,} 
Thenir.,.*,-^ giva |b^- A «-af.O 

„ ^ _ (250NW250m > ' „ m ^^, ffwn ^ ^ ^ lbc block _ rektt;(ci 

2/r^í 2(0.30H2-5I> kgK^80 mV) 

EVALiurt: Thc posilive w«ik done by thc spnnc thc magnitud; of thc negau ve work done by friction. Tbc 

total UHttk done duríng thc moinn helween poinut I and 2 u xto and thc tcxtbook «iarts and end* wilh /cío kincl^ 
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6,74 lo*-\ nn : Appty W„ ■ JT 3 - A* lo the cal. 

Sir l'Pi Let point 1 be ¿t Ihc rxiitom of ihc ramp and poini 2 be ai the lop of thc ramp. 

Euxi tu: The work done by gravity » II r - -wi?/- ¡rintf {ncgaiivc *¡ncc thecat t* movinc upj* and thc xvork done 
by ihc anpncd forcé ti FL, where /'i* ihc magniiudc of ihc applicd forec. The total work i* 

(*'„=<IO0N)( 100 m>- { 7.00 kgH^HO ms-'n.lOO m)*in Mr - L.» 1.4 
I ■■ ■■ imiul kinctic cneruv i* *ttvf ~¿{7.D0 kgK2>40 m'il' ■ 20 - J . and 



17.00 kg) 



EVAUiaIE: The nd oxitk dunc oa Ihc cal » peailive and ihc cal galm «peed Wiriuiui )out pu*h. 

H' M i -68 6 J and ihceal wouldn'i have cntiugh initial kinclK cncigy lo rcaih the lofiDFihc ramp. 

6.79. iDlvriíV: Apply »'„ ■ K, -K, lo ihe vchKIe. 

Su l'p: Cali ihc bumper «impicultin x and thc Inilial «peed v, . The tvorit done by ihc *pnng i% -¿ti" and 

«, = 0. 

Kmiih tu) rh%- INMMQ ' reUlion* are — Ax a an*¿, Mx<$mg. Cornbtning lo elimínate í and ibcn i. ihc lwo 
incqual ibes ore — and i <2S ^ . U*ing thc giren nurncrícal valué», * > — — í— - SJA ni and 

it<a <"«W-wtfl'. 1JBKlg , IM .. 

(20.0 ra *r 

(b) A dinance of 8 m i* not comnionly availablc a* ipacc ¡n which lo ¿topa or Aba Ihc car rtop* onty momcniariry 
jjhI then rtiumi lo iii original ipeed whcii ihc 1 tpring rciur n» lo ii» i.'UlJ 1 Icngth 

EVAUrATE: If * wcrc doublciL lo 2.04*10* Xm. trien y -5.77 m . Thc *toopine di*iancc i* reduced by a faclor of 
l'JS , huí ihc máximum accclcraiion would ihcn be kxtm - 69.2 ra v , whkh ü 7.07* * 
6,H0. iDKVTIFY: Appty 1*'^ a K t -K t . JF-Ficojcí- 

Si: i l i': Tbc itudent* do rxmlrvc «xtrlL and ihc fotec thal ihcy exett makc« jn anglc of A0.O' with thc dircction of 
moikin. Gravíly dbc% DVgsitix^c wonV. and « ji an anglc of 1 20 0' wiih thc chair's moiion + 

Ku:cTFf : Thc lotü i*x»rk done i* H' - n WKí Nkk?D.(i ! : "* ksrn9 KO m-s )c^J2ti 0' »2 50 m) - 257 S J . 



jnd %i> ihc speed al ihe lop of ihe ramp b is« Jií + — — - í(2.00m<>' + " " ** -3.17 mv 

EvaUjaTE: Thc comnonenl of gnvíty tkmn thc incline ii ^^mld - 41? N and thc componenlof thc pmh un 
ihe inciine U <ó00 N")coiJ0 & ■ 520 N . The lotee contponcni up ihe incline t% crcaicrihan ihc forcé comfioncni doun 
ihe indine Ihc net work done i* poiitivc and ihc ineed incrca*e*. 
6JIL IDEVHFV: Appty U' xÉ * K¡ - K t lo thc block*. 

Sur V?i If X \% ihc diiUncc ihc ipring ti compre t sed. thc work done by thc %pring íi — itlr. At máximum 
compre «ion* thc tpnng i and henee thc blockl u not twn - ittg, mi thc block Ki% no kínetic ene rey and .y. -0 . 
ExiitiTE: (ti) The work done by ihc block Ín cqual to íIn mi tul kinclic cncrgv. and thc máximum eompreMwn ti 

round Irom IHT 1 ■ iwví and X - - J 5jJ0 k ^ <6 Q0 m , s) _ Q ^ ^ 

1b) Solvinu for r. in »crrm o! a Lr^™ A', i; - J— .V - t^ü2Ü!ü^(i J 50 m>-1.50 m*. 

Y-í V 500k s 

EVALUATE: Thc negaiivc done by thc ifiring remoxci the kinclic cncrg> + oflhc biock. 
6JL IDENTIFY: Appty U\ 4 - , - Jt i lo thc syilem of ibc i« ■« block». Tbc lolal work ckkne i* ihe sum of ihal done by 
er;»vity fon Ihc hanging block} and thal done by frktion <on the block on thc taUc). 

Sn UP: Let A be the diitance the 6.00 kg block dc*ccnu*. The «xirk done by gravity ti <n.00 kg^n and ihc work 
by friction ti IK.OO kgten . 
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Exfxite: (# h u ^<6 + lMku-(0 + 25XS + 0OküÍi|9SOra*'}(1,5<lm^58 + K J Thiiwork incrcaxc* (he kincUccneigv 



KvAii ".\rt: Since thc lwo block* are conaccicd by ibc rope* Ihey move thc %ame dUiancc A and have ihc ame 
tpeed w* 

lot-VRM jjh! S#;f Vp: Apply H* M - Á\ - AT, lo the*sy*icm con*i*t¡rtg of both bkicks* Since they arcconnectcd by 
(he cord* both block* have ihc «ame *pced al every point in (he motioiv Abo, v*hcn thc 6*Q0»kg block ha* moved 
dotvnward 1 .50 m, ihc H.00 kg block ha* moved 1,50 m ta thc right* Thc targel variable* . will be a factor in thc 
tvixk done by rrÉclkm. Thc forcé* on caen blixk are *hown m Fieurc 6>S3. 




Thc tención Tin (he rope doc* peaitive work on block i? and Ihetamc macniiudc of negalrve work on block X so T 
doe* no nct work on (he *y*icm* Gravity doc* i*ork W mt -tn t gd on block /), iv forre J ■ 2.00 m. (Block 5movc* 

homontalty^ «o no work u done 00 it by gravity- > Friciion doc* «ork II, m - -f\ni k gd on block ff. Thu* 

ÍT M - ^tH^ -fitJCd ~ K m *Rd Thcn H' M - - pve» *// 4 *ir # grf - -i(m, ■» m # )v; and 

„ *i, A ¿<m, * ji^ _ 6.00 kg _ tfATO kg + 800 kgH0900 m *V , n 7gA 

^ «V RWIt » 2(100 ktfp.UI mV)p.OO m) 

EVAUUTE: Thc wviphi of bkiek A doc* poiitivc wurk and (he IHciion (orce on block &doc* negative work 4 so Ihc 
nel work i* posiuvc and thc kmetic cnergy of thc block* increa*c* a* block A descendí. Sote ibat fC ineludes Ihc 

k incite cnergy of both block». We could have applicd (he tvork -cnergy theorem lo block A alone» bul Ihen N' k( 
inctucta thc work done on bkick A by (he tci&ion forcé 
6JI4. iBBnw: Apply iy„~K í ~K t . The work done by thc f**vc »i>m irte bmv w ihc arca under thc graph of F t vcrciw 
(he draw Icn^th- 

SKF Up: One no«ibte *ay of esnmitmc (he u*ork i% lo approximale thc F vcrmi v curro a> a parábola wbích goc& 
to /. ■ 1 ai x ■ 0 and x - y,, and h&i a máximum of F t at a* - 1, i'2 , *o ibat F(x) - {ÍF„íx+ Mx* — x)> Thú may 
sccm likc a crudc apptoxímaiHtn 10 ibe figure, bul it hai ihc advantage uf being ea*y to intégrale. 



EXECITTE: J Fíit ^ — f JJ' ( V ) ^ = ^— " — I ^ * Wilh ^V = 200N and ^-075 m< 



fl - ICKJ J Theipeedofihearrow kthen i— - LllilíüL >.--j :u 

V « lj<0.025 kgft 

EVALUATE: We could aheroativcly repre*enl (he área as Ihal of areciangk l&ONby 0.55 m Thisgivc» J. 
in clo*c agreement i*iih our more clabomle ctlimatc. 
Iüt.\ iify: Apply Eq.<6.6>to Ihe «kater 

Skf L t p: Lct point 1 be ju*i before «he reache» Inc rouefr patch and let poim 2 be wherc %hc exiti from (he palcb. 
Work it done by ItÍcIhhv We don'i know thc xkater's mai% m> c¡n*t calcúlale eilher hriclioo or thc 
cnergy. Leave her man m as a variable and expcel that it will divide oui of thc final equation. 
I \m i ii" / ( - 0.25mg 10 W, *W m --tO H 25mí:^ nhere * b tbe length of ihe rougb paich. 

K x • f «n¡ t K 3 - ±m*í - ^OASyJ' = 0.2025( j im¡ ) 

The wi&*mt$t rclation givr» * : v.vi;»f - (0.2025 -l|4-im¿ 
The man dividen oui. and %oKing eive* i - 1 .5 nv 

t.v \t 1 a 1 i : l-ríction doc* negative wotk and thn reduce* her kmctic cner^v. 
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6.86. lot-N un : F r - , U*e F - uid to cakuUte the forcé. 
SET ÜP: iv = ^ - 3.00 mh 

l*\i:c i ti".: Vout friend'* jwrjíf aeecleraiion íi a ■ * 2.00 mi' . Sincc there are no other 

i 3.00 x 

hortrontal forcé* acting. the forcé yon exect on ber h given by /;„ -Mii = (65.0fcgX2MnV« 1 l = l3ti N. 
I¡, ■ (130 NKJ 00 mí) - 390 W . 

EvaUiaTE: We cottldahousclhc work-enetgy theorcm: W ~ K J ~K l = y(65J) kgH600 mttf ~l 170 J . 

^' 340 W , loe Mine a*obcained by our oiber approach. 

(y.H~. J i > ■ \ iim: Tci lifl a imx* «: a bciuhl A require* work ir -mgk . To accelerale ma« m frorn retí to *need r reqiurc* 

al 

Stí V?: r - 60 * 

EXTXl n: (u) (800kg»9 .so mV H.I4Ü m) - 1.10* 10* J 

(.) ,10 " lotj+1 - M " l0,J - 3 . W kw. 

60* 

fcYAl l aff_: Approxxmately ibc ¿ame amouni of watk ¡* requircd to lifl Ihc water aeamM gravlty a* lo aceelerale ¡l 
lo ¡bf futa) speed- 
6Jt& lOEVtirV: P ■ f¡v and A, - nw . 

Mi l>: From taUm 6.71. r = 2a* +3/fr' and j - 2« - ty>r , 

EU-C t n ; l -1 - / "i - mj% - mO« 1 6/íf m2«í + 1/V' l - miÁa'i + lXa/Tr * IK/JV>- 

^= (096 K*V * (0.43 N.VK* i I0.04J N *V. Al f -4,00 i, ihc power ouiput i* 13.5 W. 
KvaI-I afk: /* ¡ncrea»c* in time bccau*e v increa*c and bccau*c a mercase*. 
6.89. lo&vntY and S*;f L'p: Energy i* / r ■ The total cncrgy expended in one day i* Ate mm of the cnerey expended ¡a 
cacb rypc of aebvtly . 
Ku:c v rr : I day ■ 8.64 * LO* * 

Leí r í-t be the ame *hc *periúa walbng and t^ m be the tinte *hc ipcnd* m oiher aciivitie*: -8.64- 10* s-r^* 
The cnergy expended in cach jetivily « the pn^er outpul time* ihc iimc 4 10 
f *ft-(280 WW^ *<IOO WV^ =1.1x10* J 

(280%^^ tíl00% r KR.64»fl0 4 «-f p-4 >-l.lxl0- J 

(180^^ = 2.36*10*1 

■ .. . = I ']!■', :.s :iu:i - b. 

EVaUTaTE: Itermeragepower foronecby i* (1.1 x10 ? JV{|24)(360Ü «|i - 12^ W. Tbí* i* mueh cleaer lo bet 

1 00 W nte than to her 280 W tatc w mosi of her diy i* tpcni Jt Ihe 100 W rale. 
6-9C lotvnn 4nd S#:r L'p: W - Pt 

txjc i ri.: (a) Tlie humminebird produce* energy al a rale of OJJ's lo I.7SJAl At 10 beatM. ine bird muM 
expend bctiwen 0.07 itai Jnd 0. 1 75 J beat. 

(b) The tieady output ofihe aihleie i* (500 W> 170 kg> ■ 7 W.-fcg, which U bclow the 10 W'kg nece**ary lo *uy akifl 
Though the aihlete can expend 1400 W/70kg - 20 W-tg for diort perktdx ofiime. no hunun^ponered jircrañ cotild 
*Uy aloll Ibr very long. 

EvaJ-I AFt: Movíe* of eariy itiernptt at human -powctcd I1ight hear out our reiült*. 
6.9L Idevfifi and Ser L'P: U*e t¡cf{6J5>. The worít doneon the waier by gravity \*mgh. where A = 170m. Sobe for 
the mjM m water for 1.00 ^ and theucakultfe the voltimeof w ater thal hii> this tnui. 
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A II* 

tx*;c riEi Thepowoutput i* P m - 2000 M\V - 2 00* 10" W. ^ ■— and92%ofthcwork done on thc 

by gravily is convertid to clectrical powcr ouiput* *o in 1 .00 i (be amount of work ck»ne on (he waicr by gravüy b» 

y _g^_(2. Q Q,.0'W X ..00. > ^ |74|)|0 , ] 

0,92 0,92 

ir ■ ni^/i. *o thc maisof water ílowing over ibe dam in LOO * muit be 

IT 1174x10* J , , t t ( 
iw = — = -1.30*10* ke 

gA <9.80m* J XI70m> 

ilaMly — «a — — — ■ '■ M,f ' tfk ».-lJOxltf M '. 
y dcmily 0*10 ^'m' 

EvauiaTE: Thc ojm i*. 12*0 m luu*. so ihi* volume correspondí ta alxmt a m* ftowing over cach I m Icncth of 
(he dam* o rcasonablc amount- 

6,92, iKfVTIFY: P^ — and W -^m>-\ ¡f ihc objcci staru from rert. a^ — and x-x - f\rfr . 

i di l 

Svrlto Ir'*-"*' 1 . h^-V" 1 . 

EXECUTE: (a) Thc powcr /* i* rclatcd lo Ihc *pced by Pi-K - ±mv \ so v ■ W . 

rfv /2/í ¡1P J r Í2P X i P 



EVAUMfE: v, i?, and x-i^at a panicular time are all proportional to P' * , The resuk in pan (b) could also be 
obtained froen /*- Fraod a~Fím , so <r - — t 

Mi 

6.9 J. lotA \ jtjJ S#;r L'p: l«r part tal catailatcut IVom Ib: volunte of blood pumped by thc hcart in onc day, For 
pan <b) use If calculaicd in pjrt u) to Eq (6 15) 

EXECirrt: (ti) ir = m¡tf\. a» in l:\amplc 6,11, We need ihe mauof blood liftcd: wc are given me volume 



m -dematv» v«himc-<t .05*10 kg nVX7,S0m')- 7,875x10* kg 
Then ■'....■/.( 7,875 - in' kg)|9 t S0 mV)(l.63 mt-1 26*10 J, 

Wff Z.J^L.,*,. 

Al iMhiitouothi 

EVAUMTE: Compared lo light bulb* orcommon clectrical devicev ibc powcr oulput of ihe hcan \% rather «mil 
6.94. íot-\ P ■ Fv - A/tft , To overeóme graviiyona nl*xv thal n al un ande a above me horóonlal, P -tMy m %ma)v. 

SKT VfZ I MW-10* W. I 1\..I0 N Whm ffUlttuIL Ijti« >Mn« 

KxjxtTti: (a) The number of can U ihe loial powcr availablc divided by thc poner nccdcil per car. 
13.4*10* W kmm „ . 

i - IT i, tiNjnditíc d*\\\n ta ihc ívjtvm i tibe per 

(2.H-Í0 , NX27mi l 4) 

4b) To accc4cra(c a total ma» Alat an «cckratioti j and qiccd v r Ibe exira power neeoed ñ A/av, To climb a hillof 
ancle a . ihe exlia pou^er tteeded u 1Afg*ina)r- This i*ill be ncarly ibeiamc if a - g*in<r; if 

£XÍn<r-;tMicr- 0 10m *\ ibe powcr n ahout thc ¡unte a» that needed loaceelcmlcat *>. 1*> . 

<e> /* ■ Mfj; seina >v , wbere 1/ b me tolal nu» of thc diesel unitv 

/>-(! 10*ICrksM9,S0m«'K0,010H27 m¡i)-2,9 MW 

(d) The powcr aval labk ta ihc can is 13.4 MW.minu* ibe 2.9 MW needed id iruinuin Ibe «peed of Ibe diesel unilM 

. - ■ „ . ^ 13.4x10* W-2,9*I0*W 

on thc incline, Thc tabú number ol can in then - 36. 

Í2S> 10' \ - * S 2 - \0 kgK9,R0 in V H0 0I0)M27 . . ■- 

roundmv lo ibe ttearcit inic«er. 
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EVaUTaTE: Fot a «ingle car *l/g*ina -(S.2 - 10* kgK°.H0 m * X0ÜI0) - S O ■ KT N, which i* «ver tura thc 

2.8 LN required ti> pulí (he coral 27 m * coi kvcl track*. Evcna tlopc a* gradual ai 1.0% greaily Íncrca*c* thc powcr 
requirerncnl»* or for comtanl powcr grcatly dccrcasc* ibc nuraber of car* ihai cao be pullcd. 

6.95. (ot.MiM: P ■ Fv. The forcé requircd to give mas* m an accelcraiKin a u /■ ■ mw . For an incline al an ancle 

« above thc horizontal, (he componen! of mx down thc incline ii iwjj sin» , 

Su I i': For «malí a , lino * tana . 

Iuuii; r» /» - Fv - (53* I0 l XX45 ras) - 2.4 MU\ 

Cbl = (9.1 * 10' kg)fl.S mV X45 m») ■ 61 MW. 

<c) Aparo ximating «¡na. by tana, añil u&mg ihe cornponcni ofgravitY down thc incline as uigsina* 
/J-íaupuiííH -(9 1*10* kg>*^.BOmVxO.M5H45nV*)-6Ü MW. 

K\ Al t \rn: From ProWcm 6.94. wc woukl expcel that a 0.15 nVi accclcratíon and a 1.5% dopc would reuuire thc 
*amc powcr. We found that a 1 .5 nVi' accelcralkm rcduirci ten time* more powcr than a 1 ,5% tlopc* which n 
con*¡*tcnt. 

6.96. IDBÍTIFY: J#* ~ í *' F.dx , and F depend* on boih .T atxl v 

Sef Ir: In cacbcaic, u*e the valué ofr that applttt to thc «peciHed naib. j tdt . J í**rr ■ j*' 
Jahui: (i) Along ihispath.r ¡«comíanla wiih the valué r-3.0Om. 

IT^MfJ^jA-ClJOr^m'x^OO m)| 2 " J= 15.0 J , anee =Üar»d x t = 2.00 m . 
(b) Stncc thc (orce ha» no r compone ni t no work i* done rnoving in thc j^dirccliori. 

i<\ Along rhi* path. y varíe» i*nh poiition alonu thc path* given by i L5j, w F -0(1.5x1* ■ I-Sor 1 * and 



FT = J Viíx^l.SoJ'VA = 1.5(2.50 N-oi 1 )* 2 ' 0 ** m> » 10.01 



Evaii aff.: Tnc forcé depend* on the po*ition of ihc object along ¡ti path. 
6.97. locvnrv and St:r L'P: Use Hq.<6.1H>toreiaic the forcé* to the powcr rcquircd Thc air retitrance (bree i* 
F m ■ ±CApi \ where C i* ihe drag coclTicvenl. 
EXXCUTE: (■) P - F m + t with F„ -F^ + F^ 

F m = * T CApv* m u,í m'Ml .2 m Mi ;.i> m*)' ■ 40.0 N 

f _ t¿« s -^0 0OJ5K*^0 S - 1 IR NI - 2.74 N 

^*(r^^^b=(2J4N»40.0NXl2.0»> = 51J W 

<b) - i -(0K8K0J66m'M)2 kgm^l- 0 mi) 1 ■ 27. K N 

F tf «^a«XV« (0M30K490 N t HS N) - 1 .73 N 

^»(F rt + ^ - h* B (l-WN + 27.H NMI20*)-354 W 

m -tCI^V 1 ^ 1(0 HSK0J66 ro'hl.2 lcgm l M6.0 m*)' » 6.96 N 

f^-^-WN (uncbanged) 

**"W*+'i)*-0-**N-* 6.96 N)(6.0 O ^ 52. 1 W 

EvaUtaTE: Sin ce u proporbonal to r 1 and P-Fv t rcducing Ihc íoced grcatly redum thc po\%^r 
required. 
6.9$. iDtvnrv: P-F t v 

So lip: 1 ra.*- 3.6 kmb 

EXF.CITTÉ: WF-Í- 2M X |fl'W , L68 ,^N. 

v * 61 tí* km hK< 1 m *> f 3 .6 kmri)) 

(b) The npecd i» lowered by a factor of onc-hilf, and thc rc*iit¡n^ forcé ¡* lou cred by a factor of {0.Ó5 * 0.35/4X 

jjh! *u ihc pinicr allhe loivcr ipccd » i2* .0 kWh050*Ot>5 r (l 4t - 10 3 L\V - 1 1 K hp 

<c)S»mÍhr1y,ai the h¡gher«peecl (280 kWM2.0M0.65t 0.35*4)^ 1 lUkW = 154 bp. 

EVAUiAri : Al km incccb rolling rriction dommatci thc powcr remiireracnt bul 



6-26 < h*ptrr 6 



6.99* lot-vnn ™l Si fLp: Use Ecf{6.1R)iorciaicrand/*. In pan (ak Fw the rctarding forcc< ta r>om4h}and(c}, 
Finclodc* gravity. 
ExeCite; (a) 5V, *o F = P/v. 



r-í6(M> km-hi 



I hp 
lOÜOm 



16.67 mí 



f -£- 5Mtw - 3gN . 

v 16.67 m. i 

(b) The ptnvcr requíred i* (he K + 00 hp of parí la) plus Ibc pawcr P t reqinred t« lili Ihc car againtf gravity. The 
tituation n *kcichcd in Figure 6.99. 



* una 




Ifl 



10a 

5.71* 



(DO m 
ngWl 6.99 

The vcrikal componcni of the veloctly of the car ¡* vana = Í16.67 m 5.7 1 : - T65K nts 
Thcn P t - F(v»ndl- i , : ■ H , ■. i I.ÓS8 m/sí- 2.92*10' W 



-39J hp 



746 W 

The total ntmw reqnired i* K.00 hp + 39. 1 hp ^ 47- 1 hp, 

(c) The powcr required from ihccnginc \% m/wA/by the rale ai whkh gravitydoc* potilivc work- The toad incline 
ingle a iigivenby tana -0.0100. so « -<) 5729'. 

P f = fl ■ ■ .: \a) »R00kgK980 mVHl^msisialj^ 2.94*10* W-3 94 hp. 

The pir*vcr required ¡rom ihe eligirte i* thcn MXi hp - 3.94 hp - 4.06 hp. 

(d}Nopowcr Unccdcd from the engme if graviry ebe* work al the rale of P r - 8.00 hp - 596H W 

P 596S \\ 

P -mgsiina. ¿orina-— — - ■ -0,02030 

iHtfv (I S00 kgK9-H0 RIVXI6.6? lu si 

a«U6$* nd mi-./ iMV a 203% grade 

EVAUUTE: Mere powcr isrcquircd wK-n ihecar goc% upHill and le** unen it uixidownhUL lo pan Id h al ihu angk 
the Cixtiponeni of gravity rfown the indine h atgñna ■ 358 N and ihb forcé cancel* the rctarding torce ¿nd no forte 

(rom the engate i* requirvd. The rctardira: forte dependa on the uxcd h> il ii Ihe «ax* nt parí» U' and (c). 
6.100. IDÜÍTIFY: AppJy W'^ = Kj - Aí ( lo reíale the truiial «peed v t lo Ibe distante r along ihc plank ihat the box more* 
before coming lo res. 

Su O: The componen! of wcight down ihc incline ñ ui£*ina , Ihc normal forcé i* mgc&tfx and the rriction forcé 
it f - antgcona * 



EXEtirTE: -Q--mv, and W -\{-mgúna -pmgcQ*a)ffx- Thcn 4 



: 



Set 0* - AAf : «* t - -Mf^tín crt r eos cr To eUnmnaie t. note rhai ibebox come* loa ren whenihe forcé of 
ilaUc mction balancea the ctmiponenl of the weight dirvcied cknvn the plañe. So, mg tina ■ Ax mgcü&a . Soht thü (ut 
trnti ihc previoUfk eqiuitioni 



7heiul^-+i 



1 J lino* \ 

2 iMir/ 



upon cancelinu lacKtn and collccimu lcrmf 4 \\ ■ £* w a ^ ^ w m renuin %UtÍonary ^henever vt 2 

A coa a ¿ 



and 

3g vin " o; 
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Evalúate: )f v* t* loo «malí (he box hopa at a patrn where thc mellón Ibrcc i* loo símil lo hold ihc box m platrt 
sino IMMM and cosa dect w ai cf htfMM, 10 the v. rvquircd increa*ci as aincrGuei 
6.101. IDENTOT: ln pan úl follow ihc *iep*oulined in thc ptoblcm* Fot part* {bHO ¿nd Id) apoly thc 
Ser uti Jí'rft^i^ 

E\j;ciTt: (ti) Denote thc poMtíonof a p*ccc ofthe springby /; /-O is thc fíxcd poinl and / - L isthcmovinvciidof 
thc sartng. Tncn thc vckiciry of ihc poinl carrcipondingio^dcnoted u\ ¡s u{l)~ >itL t (when Ihc sfiring i*, movim:, / 
uill be «i function of lime, and soji is an implicit runcbon ortirnc). The rnassof a piece of tatgihrf « dm ~(ML}dK 



2 2 L J 2L J* 6 



|b> t** 1 ra i- JtaVmXx - J(3200 N mH0O5J kgl|2-5Dv 10 * m}-6 1 m*. 

(c) With thc maM of ibc saring includcd* Ihc work that the snring doc* goes ínto Ihc kinctic eoergics of both thc ball 
and thc spring* sajAr 4 ¿imv* + Solvingforr, 



(0\05J kfl +{0.243 k»Vl 



<d)AI«bratcaJly. 1 «r* = . 0.40 J -id L*h> . (l/2>fa ' -0,60J. 

2 i. ■ i/ '-.i 6 .1- ta i/i 

EVALUATE: Forihís hall and sptiniL J^^ — ^^í .The Kttcntaec ofihc fiml kinctic et»cr«y 

that cndi up with cachobjccl depends on the ralioof Ihc mauesof thc lwo objectv Ai cxncclcd, when the mau ofthe 
*pnng t% a unall fraction ofthe ma*i of Ihe KjJL Ihc fraction of Ihe kinctic cncrgy that cndi up in thc *pnng i* smalL 
6.102. IdEVTIFY: Inbothcaáei* a viven amount of fuel renrcicnts a yivcn amounl of mirk ir, that thc enginedoerttn 

movinfi thc plano forward again&i the resistinc Ibrcc. Write il\in lermi of ihc tange ftand *pccd r and in tcnus ofthe 

time of flighi Fand v. 

Skf UP: In both caires anume v « contfant* mi f J* - RF and K - \ T 

I \n i m : In lenm of the range /l and the constan* speed v 4 IT - JfF - /íjtfv 1 

Interm» ofthe tuncof íligN T t R = \i, so ft^ - vTF - T^av* * — J. 

(a) Ralbcr Ihan «otve fec A a& a funclion of i; dincrentiate thcfmi of dicic reialion» wiib rcipcct to i; %crtinu 




-32.9m%^ Sknvh. 

OJON f 

(b) Simikulv. Ihe máximum lime n Ibund by ^citim — iFv) ■ *.», performing ihe dilTctcnUaiHHK - /í V = 0 . 

M , ,^^a 

25 m*^90kmh 



3o- ) \ J<0J0\ ***'tn 



14 



EVALUATE: Whcn v- i/í «i . / ha» ibc nuniauMn valúe r- t -2Jap . Forthts \\ K -\0 5ú\- r —~Mw\ 



r^-(0.50)a M ^ l VWheo v»(^3a/\ ■ IJl^afl . Fot tbí* t'. R s ^WAl)-j±- and j; =(0J7)cr 14 /! 



i * 



Jt > R s and T¡ > T t # as. ihc> should be. 
6.103. IDECTIFY: Foreocb iftced. calcuiilc thc time. *Dicn use thc etaph lo fmd thc oxyccn consumption and from tlui ihc 



Si r fp; t -dv 



6-2* Chipirr fc 



Iak u): (a) Thc walk wiU ukc onc llrth of an bow, 12 mío. Fmra thc gnph* Ibc oxygcn coimimpbon rale 
appe ar* lo be about 12 cm'fcgrnio* and *o thc lolal cncrgy ü 

<l2crn l .'kg-mit. 71 >■ ■ 12 j.nuMi tm > : D> 1" t 

(b) Thc ron will takc 6 ruin* Usingan cMimabon of thc me from thc graph of about 33 cm'fcg mm give* an 

con*umpt ion of about 2.8x10* J. 

<c) Thc ron takes 4 num and withajiertimalcdrateof about -M) cm ■ tmn thc cncrgy u*cd U about 2 H* J 

(d) Walking « thc moit ctTicicnl uay topo. In general, Úk noint where ihc vlopc «f thc linc fmm thc origin 10 ihc 
point 00 thc jzmph u thc ¿mallc*i i* thc iraut ctTicictii ¿peed; about 5 kmh 

EvaUíaTE: In an cxerciic program* fot a lixed duUocc* running burm more cncrgy than ivjlkinu 
6 JIM. Ideytify: U r rite cquatiom* ¿imitar *o(6J I ) fi* eaeh component Eq>(ÓJ2) will now involve Ihc «im ofthrcc 
integral*, onc Ibr cach compoocnt 

EXKCirrE: Frorn F -mu. F *ma *F t -ma and F ~ma . Thc gcncrali/aitonof l-q. (6JI) ti then 

ff . " ^ <*, ■ H ^ - Tbe lotal work v then 

iíy ay dz 

*- a "(í V - A '' * C *' * C "*** ) * \ M(t '' *** "3*^ T"* 

EvaUtaTE: and i/f are vccior* and have componen!*. Wand A are ¿calara and we never «peak of their 
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73. 



-A. 



Si:f ip: ¡«upward 

EXECUTE: (a) AU ■ (75 kg)<9.H0 mVKMOO m - 1500 mi ■ -6.6-* Id'' J 

|b> Ai - (75lcgK9.R0 m * «1150 m- 2400 mi - -7 ? > 111 J 

EVALUATE: V _ ¡ncrcjNCf ivhcn (he aliiiudc of ihe ubject intrwte*. 

iDEVTifY: Appty — mni to thc xack to find Ihe forec, H* - Fxa&f* 

Si: r l P: Thc hftinsr forec act* in ihe wmc ihrcction a* ihc iacV« moüoix **> ¿ -- 0 

K\i:c i TI : (u) For con*t¿int ipecd. thc ncl (bree ¡* reto. «> thc rcquircd forec i* ihc iack*& weieht. 

<S ,00 l. j) 1 • ■ m i 1 ) - 4*0 N. 

(b) H - (49.0 N) O5.0 m) - 735 J . Tfait wurk become* potcnial cnergy 
Evaii \Ft: Thc remití are independe ni oíthe *pccd. 

IDCNT1FY: Use ihe frec^body diagram Ibr thc hig and Newton t finí law lo find thc forec &k worker apota-i 
Sincc thc ba« Mam and end* al re*t A - A - 0 ¿utd H ' ■ 0 . 



Sur l P: A vkcteh shenvins Ihe mitial and rlrul poMlJora of thc bag i* uivcn in figure 73a* sitié 



3.5 m 



0 ■ 34 JES 4 . Tbe frec-body dUgram ii given in Figure 73b. F b thc boraantil forcé applicd by Ibe worker. lo Ihe 
; jkuhimti of V^ r lake -t y upward and v - 0 ai thc inilial po*iiion of thc bag. 

EXECiTE: (a) = Ogivc* 7"co*e* - my and ^V*. -Ogive* F - FxüicK Combinüig these cquaiion* lo 
elirmnaic fílve* / - ian¿ > J 20 kgti^HO rnV )ian 34.X5° - 820 N . 

(b)<Í) Thc tenunct io ihe ropc a radial md thc dihplaccmcnt is larigcniial *o therc is no componen! of Fin thc 
dircction of ihe dnplatcmcni dunng ihe mobon and ihe icniion in Ibe ropedoe* no work* (ü) rT u - 0 %o 

r^*-ir^*ü^ 1 -6 , ^ ( -« tf (.v J -.v ( )=(IMkgX^80 m)^740J í 

EVALUATE: Thc forcé jpplicd hy ibe worker varici during ibe motare of thcbAg jod ii u wld he diffcuh lo 

¿jlcubtc \t' direcliy. 



CL6277(D 




1^1 




ngarv 73 

l* pomi ivhcre he ha* iuvt left Ihe Ixiard until iu*t lx*fore he 



IHOT1FY: Only grjviiy óoc% wwi un hn 
enier% Ibe water, m Fq.i T.4I applici. 

Ski i p: Leí point I bcjtm aAerhc k^vet thc boardAnd point 2 bejutf belbrc he enlct% ihe water tr bupward 
ind ■ - 0*1 thc waier* 



7-2 < hapirr 7 



i \n i 1 1 : r» K t w*. A »§, * -3.25 m . J^+I/^-C+ir^rfm U^mM^má w. 3 7*W - 
Vi * JZgKt - 4*& M n*V K3 25 m) - 7,98 mt% . 

vj = Jv? * 2*i; - JaSO m*) J + 2<9.*0 mV)|3.25 m> 
(c) i; -2.5 ra* and i\ -8.36 n>* . Ihe mwm a* in pon O). 

EVALUATE: Kinetic cnergy dcpcnd* only oo ihc «peed, not on Ihc dircclKm of the velocily, 
7.& Idevtify and 5*;f UP: Uic cnergy methodk. 

4a) J£ +(£+■' ■JL+0L. Solv* for a and thenrae A'. -W¿ toob&ni r„ 




- 0 (The only f< ■ . . on ihe 
bal I whilc it h iti thc air b gravity.) 

U t *mgy t . y\ = 220 m 
fAawwO. wnce iwO 



■ — r - 

I ít*Tt 7.5 

v 3 = ,/>í ♦ 2#; - V< 110 »« J + 2<M0 01^X22.0 ra) - 24 0 mftj 

EVajj \n ; The projectíon «ingle of 53. I p doc*n*t cnter ¡nio ihc calculaiion- Thc kinctíc cncrgv depend* only on 
thc magnitudc of thc vclocity; it ¡s independent of tbe drrection of thc velocily. 

<h) Nolhirtg chances in the cakulation Tbe cxprcMHm derived ta parí (a) for r¿ u independent ofthe anule, *o 
V; = 24.0 m *♦ ibe »rnc a* in part (a). 

{<) The hall iravcU a ihiírtCT di-trance in part IbK w> in ibat ca*c air rcMitancc will tuve lc**cMcct. 
7.4. IDEVTIÍY: Tbe normal forcé doca no wwk 4 ¿oonly gravily doe* work and Eq.(7.4) apphcs. 

Sv.J VP: A*, = 0 - The érate *% ramal point b al a vertical hcight of t/amaabove ihc botlomof ihe ramp. 

I \m i ii (■Ivj-O, y\-d*ma. K t +U 'K^U givaU *K y mgdana^^mxj and 



l\ -^¿gasmrt. 



i — yjlgd %ítí a , (he ¿anteas in parí <ay 

(O Thc normal forcé b perpendicular lo Ihc diiplaccmcnl and does no «ork. 

CvaI-1 'aFe: Whcnwc u^e V mrr -mipwí can lake any poim a» y - Obui wc rmiM take +y tobe up^ard 
7.7. iDKMitv A¡v1yl:q^7.7iiopoinii2and3 + TakcrcMilNtr4Mnt;^ Ibe work ikw by merina 

mi Lf: A$ in Cxamplc 76. A\ - D, t\ - 94 J. and £/, » a 



K«(iTE¡ Tbe wxirk done KfrictiaiU -IÍ5 \) i l.ft tn) - A\-3KJ. and v,- f --2.5 m* 

EvaUtaTE: Thc^ulueof ^n^eoblancd t% ihc lame ai eakutated in üxample 76 Forthcrnotíon froro point 2 lo 

poñit y. vrA\ m i\y doei pofítive work, frictitin áoc% nee^tiw work and the nel work i* poiitive. 
7.S. lofAim and S#;r ip: Anply l:q.|?.7> and coniidcr how eacb lerrn dependí tin (he mau. 

ExKCirFE: Tbe qiced « vand (he kinclvc encrgy ú 4K. Tbe ™rk done by friclion is proponional lo thc norma! 
and henee lo ihe ma», and mi each (erm in Eq. (7.7) ii proponional to the total mm of ihc crate, and the 
al the botlom i* Ihe same for any mj« The kineikr enerey i* pronortional lo Ihc mai*, and for (he same 
bul Ibur time* the ma». the kinclic enerjiy ii quadrupted. 
EVALUATE: Thc ame re*ult « obtaineol if we apply ■ mtf lo ihc motion. Each forcé i* proportional Iom 
ind m dividen «HiL wjh mdciicndcnl of m 



PticcRtial tocrgy ind Lneryy Comm jüon 7*3 



7.9. lot-N 'iw\: — K M -K t . Thc forcee on thc rock are gravity, ibc normal fi*vc and frktion. 

Sur lp: Leí y - 0»i point o* and lct +y be upwird, v g ■ -0,50 ni . The wark done by friction « ncgaliTC; 
íi . --0,22 J. Jfj"0. Thc rrccbody diagram for ihcrock al powt B t% given ta Figure 7.9, Thc accelcration of 
thc ick it i i: ■ potril i* <7 r-i - i ' 'V , upuard. 

KxJCi Ft; (a) 1¡) Thc normal forec i* perpendicular tu ibc dLiplaccmcni and d*»cs «¿ero work. 
<ü) n^^V^-U^Mm&^iOX kgH9 80 oiVmO » ra)^0,«J. 

<b) W u = 0+H>>22 J)*<K9H J-076J. sJ^-JC, pve* ^mvi mW m . 



(c) <¡raviiy i* comtanl and cqual lo m¡?* ir i* nol con*lant; ¡I is «cero *il í and not *cro ai ff. Tncrclbre. .* - 
alio nol con¡tlunt* 

(d) Y F = *w apolied lo Figure 7.9 gira - mg - ™ ^ , 



I A* J l 0,50 m ; 



EVAUUTE: )n (he afacnce üf fricuon. ihc i-pecd of Ihc ruck al point B vvould be figR -31 m* , Ai thc rock 
didc* thrttugh point ti. ihc normal íbtvc « greater than thc wcight mg - 2.0 Nof thc rock, 

i 



7.1Í. lots mn : Dnly gravity doc* work. so Lq>(7,4) appliex, 

Sur lp: Leí point I he jutf afler thc rock Icavcs ihc Ihrovtcr and noinl 2 be al ihc nu*irtium beighl. Lct 
>,-0nd +y be upwMd, v, - 1„ . Al tbe higbcit point, v ; a i an : 0+ cos^-l, 

be ihown. 

EvaJxafe: Tnc mitial kinctic cncrgy i* independen! o Tibe anglc 6* bul Ibe kinclic cncrgy al Ihc 
hcight dcpcnib on o\ io ihc máximum hcight dcpenib on 0 . 
7.11. Ide-viify: Apply Lq <7-?> lo Ihc molionof thc car. 

vp: Take r - 0 al poiru A, Lct point 1 be A and poinl 2 be J, 



I \n i n : Í/'^Q» t7 ) = ( w£(2/f)-2H í 224 J, H^-»*, 

JC, = f ímí - 37.500 J, K t - ±mv¡ - 3840 J 

The norkencrgy relation ib en gñci ir, ■ AT ; ♦ V t - K - -54Q0 J 

EvaUiaTE: Friction doc* negative i*ork, Thc Hnat mcchanical cncrgy (JC r *t7j = 32*064 J> isU\s thanibe 
inilial mcchanical encrg} 1 ( K t +L\ - 37,500 )) becausc of thc cnergy removed by friciion *ork. 
7.12. lot.Min : Only grav¡t>- doe* work, *o apply Eq.(7,S). 
Ser iP: \ - D ♦ w irni; ^ mf ->J . 

ExeCite: Tanran h lowerthan hb original hcicht by a disiancc y t - r a =/(cos30°-cos45 & ) *ohi& 
l " - J2jí{cc«3(r -co*45' 1 ) - 7.9 m-i. a bit quick for tmote 
EvaUiaTE: Thc rcAilt b indepcnócni ofTar/an^ ma»s. 



7*4 Chupín- 7 




A- 4.10 m 



Fí«arc 7.13a 

U) ImimifY ¡mdSCT ir: F ucoiuclant *oEq<6H can be mcd Tbc síiuaikm ¡i «ketched ¡a Figure 7.1 Ja 



0») iHKriFV jad SEF ir: Caktibie W uting Eq.i'6.21 bul flirt muM cakuUic Ihc iriction forec U*c Ihc frec- 



tuimi: friction doc* ncgitivc *ork + 

(c) Id(\iu\ amlSKF i p: t r - wgr; ukc r-0 fre bollan of Ihc ramp* 

ii : V -Ui-U, -fl«(Vj-,Vj)-(IOflkgM9SO m<* n4 SOm -0)- 4701 

Ei'Al-l AFt: The ubjcct rom** upmird and t/mcreasc** 

(d) lotvim andSETLV: Uw Bq.<7,7). fttfve for AAT. 

AJE - Jl , - A' ( - tf, - 1/, * IT^ 

H^-»; ^; -K80J-Í57 J-72J J 
A6" m 470 J 

Thui Atf-723J-470J = 253J. 

Evalúate: i% pouiivc* Same of W'^ goc* lo increa*ing ¿'and ihc rc*i goc* lo iocrcisinir K. 






YxtCVTt: £f ^Wtf 

A = (025H10.0 fcgMMQ roV >coi36.9° - 196 N 






Thco ¿JC -7nv^-7<]0.0kgX7.UmO : = 253 J. 

Y. \ vi i \i i : Thb agrec* wilh ihc rciuli takuhtcd m pan (dj wing cncrgy method* 



Potencial Encrgy and Encryy Ccmcrt aiion 7*5 



7.14. iDEVTltY: Only gravity doc* work. so apptv Eq.(7.4). Uve -W (o calcúlate the tensión. 

Si;r L'P: Leí y ■ O al (he botiomof thc are. Lct point I be when (he xlring irakés a 45" anule with (he vertical and 
potnt 2 be where ibc string u verml. The rock ni oves in an are of a tírele, *o it has radial acceferation a taá ■ v* fr 
EXECLTE; <u) Al ib: Ion of Ibe ¡ng. when ibe kinelic encrgy w «ro t thc poiential encrgy (with remecí lo ibe 



botiomof thc encubran:) i* m^/il-eos ft. where Hs me Icrigthofihestring and & is Ihe anglc thc siring 
with (he vertical. Al (he botiomof the swing* ih¡* poiential encrgy has become kinelic encrgy, so 
mgti\-co*0)^!rm\>\ or v- J2g/(1 - eo»/7) - J219 80 raV) (0.80 m) (1-COS45*) -2.1 mta. 
<b) Al 45" Irom ibe vertical* Ibe «peed is /ero, and ihcre ¡s no radial accclcralion; (he tención ñ equal (o Ibe radial 
componen! of (he weightor mgco*0 - {0 \2 L-i^.Mtm >■ i an 45* -083 N. 

(t} Al the botiomof (he órele, (he tensión » the sum of me wcight and Ihe nuu times Ibe radial acccleration. 

mff tmJ//-»gO*^)-ccw4S a ))=L9N 

I\ ui un iL-r. (he slring paste* through (he vertical* the tensión is greater Iban the weighi because ibe 
acccleration i* upward. 
7.1& iDEvnrv: Appty U¿ =jkx* . 

Su ir: kx-F m vo U = -/ c .wltere Fti the maunitude of forcé rcquired tostrcich or compres* the sprint a 



EJKCUTEi (ti) 0/2i|BOONHO«200m)-KOO X 

ih) The potcntial encrgy is proporiionaJ lo Ihe ¿quare of Ihe compreuHm or extensión; 
(80.0 J) ( 0.050 m/rj.200 m >' ■ 5.0 J. 

EvaUiaTE: We conld nave eakulated k - — - J^¡2lL - 4000 Nmand then used V . - lkx i direeiry 

.y 0 JiXP m 

7.16. Ide.ytwy: Use the informaron given in ihe problem with F - *ito find í. Tnen U d ■ Jtr 3 . 

SCf it: i' ¡i thc amouni the snring t* «tretched. When (he wcight i* hung from Ihe spring* /' ■ mg . 

EXECRE: 

* v 0J.MI) m-l) .I200m 



* = ±,r— ± - 1 JÜlí£Íi - tOM52 m - 19.52 cm . The spnng could be e*hcr alrctchcd 9.52 cm or 
V k V2205N,rD P 6 

comprested 9.52 cm. If il werc «tretched* thc lolal length of Ibcipríng noukl be 12.00 cm-t-9.52 cm - 21.52 cm . 
If Íl wcrc compreucd, thc toial kngth of ihe «pring would be 12.00 cm-9.52 cm - 2.4B cm . 
EvaI-I aff.: To \ireich or compros ihe qiríng9.52 cm rcquírei a forcé F - kt - 210 N . 
7.17. lotvnrv: Appíy U¿ = ±kx 2 . 

Sur l'P: L\ s ^kx¡ *x ú the dislance (he spring is strclched oreomprosed. 
EXXCUTE: MU) x~lx,pn* V^SrkilxJ ^M^) B 4U^m x.^/2^ 

<M<i)t ^2t r t givcs ^^2(^)M^*^a¿^.(u)í7-^/2grv« jir' -^ibijiiid a: = t,/ J5 . 

EVALUOTE: V is proportional lo x 1 and x it proporttoral to . 
7.1S. iDCSTin : Anply EqX^l3). 

BVrtVt InitiaDyandaithehighcrtpoml, i ^ 0, w> A' ( = JC¡ -0 . ^ -0. 

Km;Ci fk: (n) In going from rcit in ihe stingshot'i pocket to rest at ibe máximum hcighu ihe potcniul encrgy 
tlored in (he rubber band n converted to gravitaUmal polcnual encrgy; 
£/*jn£r-<IO*IO 1 kgH9Jt0ms')<210m)-2.16J. 

(h) llecautc gravitaittmal polenial encrgy t% nruportional lo mas*, (he larger nebblc rises only 8.K m 

(c) The lack of air resisiance and no dcmrmalion of (he rubber band are two possibíe assumptions. 

EvaLuaTE: The noieniial encrgy *lorcd in (he rubber band cfcpcndi on k rbr Ihe rubber band and thc máximum 



7-6 Ch*pter7 



Jm \m\ and Sgti.p: Use cnergy methodi. Tl>cre are chartgc* ib 
elaitic; U =4¿t', graviutíonal; V = 



2IJ.20J) 



0.0632 m- 6 *2 tro 



(h) PomíN I and 2 m the 

I 



: 



1600 N.'m 
: xketched m Figure 7.19. 

- 0 (Only vtatk i* ihai done 
by gravity and *p : . rtg forcé) 

r 1 r fi 0 at final positrón of book 

ta ".-■«<*♦*>. 

Ftg«r*7.l9 

0 * mg(h » rf> * 0 - j kd s 

Thc original graviuiionaj poicntial cncrgy of the *\ttem i* converted inlo poicntial cncrgy of ihc comprcued 
ipnng. 

- mgd - mgk = 0 

d 



«L2QfcgX9.N0 wtf)+ 



1 600 N m 

Jí(l 20 kgH^KOm*-^ * 2(1600 N'roH LIO kg*9 t S0 nWxO.SO m\ 
i^O.0O74mtOJO«7m-O.I2 m^llcm 



EVALUATE: )l was ¡mporlaitt to recognt/c that thc total di%p]accmcnt A + di gravíty continúes li> di> work ai 
(he book movc*aga¡mt iheipríng. Also note ihat wiih ihc %princ cotnptetscd 0. 12 m it exerto an upwani Ibrce 
(192 N) greaicr than ihc wcight of (he book<l I.K X>. Tbebook will be accclcrated upw Jíd from thi.s potilbn* 
7.2Í. IDEWT1FY: Use cncrgy rnctbodv Thc re are change* itt boih cU^Iht and craviiational potcntial cncrgy. 
Si:f LP: JC+C/.+PF^ ~K¡ Pbinte I and 2in (he motionareaketched ¡n Figure 7.20. 



> 



Thc tpring forcé and graviry Are ihe 
only forcci doing worfc on thc cbcctc 4 
10 ^0 and +lf- 



Fif«rt 7J0 

Eut i rt: Chccsc rcleaicd from rert implkx A', =0. 
Al (he máximum bcigtil \\ ■ 0 w K, ■ 0. 

r.-Oimpüeiü^.O 

t/ M , : v < i N.mXO.15 m)' -20.25 J 

(Itere x, refere lo Ine amouni (he *pring i* ¿trcichcd or comprc*>ed w hen (he chccic « at poninm I: ¡t is itof (he 
v -coordínate of (he ebeexe in thc coordínate lyitem shown in ine ikelch.) 



í/j ^ - wbcrc v¿ is thc bcighi wc are solving for. cV^ - O unce now thc sprmg i* na 

rxiitingallthu mu» JC t ♦ - AT, +Üj grves í/ (- *t/ J pfc 

20.25 J 20.25 J 

>\ = = ■ = l.;2 m 

mg i : ^'V. m ,:- r ■. : 

K\ Al t ¡ATE: Thc ctacrípiion in Icrm* of cncrgy » vcry simple; thc clastíc poicnbal cncrgy «nginally >l«rcd m thc 
*pnng ¡s convertid imo graviiational poicntial cncrgy of thc ¿ystcnv 
7-21- lDGVt1*Y: Apply Gq.<7.l3). 

Wt - 0 . A* in fcxample 7,7, A', - 0 ind 6\ - 0.0250 J. 



ExtttíTE: Foc v. -OJO m/s. A\ -0.00*0 J. (A -0.0210 J =+fa^, and ^=1 r" - 30.092 m. Thc 

gl hierbas thn %pccd when ihc inring u sirctchcd 0.092 m or c«nprc**cd 0.092 m. 

Iuiuii: Examplc 7.7 showed dial v B - 030 rn* when x ■ 0.0SO0 m . As x tncrca*ex, \\ decrca&cs. so our 
rcsuli of v t - 0.20 mii rin 0.092 m is conristent wiih Ihc resull ¡n ibc examplc. 
7,22, lotsnr* jjh!S»;flp: Use cncrgy method*. Thc claMic potcntial cncrgy change* m pan <a) sotve for A\ and 
from thí&oblain Vj . In part ib)si>l>r Ibr í ' and from thi* obtain jj. 

pumt I: thc g líder i* al lis initial poaikxv whetc .v, -0.100 m and v -0 
point 2 thc glider t% at \ - 0 

EXECUTE: £ t -0 {reteased íromrcsi), K s -?mv! 
Ui-M, ^ = 0 <onry thc *prtng focee cbciwüfk) 

Thui Lkr¡ v i Thc ¡nitial potcntial cncrgY of thc stretched ipring is cocí verted cntircly itwo kinclic cncrgy of 
thc glider.) 

v, <0. 100 mv J 5 00N L|n . 

Vm iJüJÜDfcg 

(b) Thc máximum «peed oceur* al v - 0. so thc same equaiion appll 



EVaLUaTE: Elatfic potcntial cncrgy is converted inio kinetic cncrgy. A larger x L civci a larger r a . 

jp _ ¿ T 

7-2X iDlxnfrY: Only Ihc qinngdoc» work and £q.(7.l I > applick. a m — ■ , wfocic fii thc Ibrcc ihc sprír 

m itt 

on thc mam. 

Sur i p: Leí potnt I be thc inicial pcuititmof thc mas* auam** thc comprc^*ciÍ vairin^. su A' - 0 and V t - 1 15 J 
Lcl point 2 be where ihc mats Icavc* ihc Kpting. xa V d3 — 0. 



ui y 2 50 I 

A ii largcsi uhen i* IcaM and thü « when thc masi kavc% inc tpring. lite mai% achic\'Ci íIk 
3.03 m S a« il IcavA Ihc »príng and then d idc% along inc surticc nith con^lant qiced. 

[b) Thc atcdcrjiion n vtcatcM when thc larec <hi inc mar» Í% ihc vrvatcM. and thii t% when ihc ™ini? has :ts 



n. ■ ita* so x - - í^l = - í 2(11 5 J> = -0.M 
V * V^SOOK m 

r-^- ^ - ..^..aSOOKmK-O^m)^^^ 
m 2.50 kg 

Kvau aFe: If thc end of Ihc spring is displaced lo thc left wben thc *prmg is comprcíotciL Ihcn a k tn pan th.i ix lo 
thc righi. and 



7*11 OmptcrT 



7-24- <*) JDKMIFV and S*rr un Use cnergv mclbnck. Boib clastic and gravilalional potemial encrgy changes. Work ta 
dooe b> friction. 

Cbocuc potril I a* m E&ample 7.9 and Id Ib* be (be ongin. so r, ■ 0. Lcl point 2 be LOO m bckiw point 1. so 

>j = - 1 -00 m* 

i \m i M: K t » t r , * - a:, tt/j 

JC, a f imf & f (2000 kgi|25 m-ir ■ 625.000 J, i , - 0 
- -/|v 2 |= -(17.000 N ll l 00 mi - -17.000 J 

K^^ngl 

Vi * U im* a «Vi +T*XÍ 

f - < 2000 kg)i9 .SO m'í'M .00 m i f L 4 1 * 1 0 MoiH 1 .00 m)' 
t/j * - 1 9,600 J + 70,500 J - *50.900 J 
Thui 625,000 J-17,0Ü0 J-^wJ + 50,900 J 
¿w: = 557,100 J 



2Í557J0OJ) „ _ 




2000 fcg 

EVAIamaFE: The clcvaior stops aAer dea:cridtnu 3.00 m. Aflcr ctaccnding 1.00 m it is Mili moving huí 
tlowed doun. 

(b) Ideviift: Appiy - /«a nube clcvaior. We know ihe forcé» and can solve fea d. 
Sur i p: The Ircc-bcidv diagram for ibe elevator n given in Figure 7.24. 

F m - lit whereir'isthc 
Ihe qiriog i* compnriscd 

fr+F^-mg^ma 



tf ./t + M-wg _ l7.000N*(Mlxl0 i N l mKl lX>m)>f2O(H)kgHg Sfí m.'s J ) b(W 2 ^ * 
■ 2000kg 

We calcúlale ibat a ¡s positivc* so the accclcrotiom u upward. 

Evajxafe: The velocily ¡s dowmvaid and ihe accclcration a upivard* so the clcvaior ta slowíng down al ib», 
pixnt. Nolc (bal a ■ 7. ihis is unacccptably high íbr an elevator. 
7*25* lotMirv; Appty 1^(7*13) and / -buí. 

SEFIT: - 0 . There » no cbange in í/ lfcB . A* -0. I/j*0. 

I An i ii : — U - T mi i ' Tbe rclations tbr iw^ r. . ¿ and x are £v* ■ mv[ and kx - 5nnf. 

Dividmg ihe firsl cquation by the sccond uivcs a* "—2- . and sxiNhluting this mío (he sccond given k -25 ^ 

Sg >t 



(2.50 nVs)' 

12.50 m'*» 1 

(b) .y ■ 12Sm 

5<9.K0 mV) 

EyamaFE: Our remití Ibr £ and a* do give ibe requíred valúes for a t and \\ : 

*r (4.46x10* VmWO l28oi) cn ÍT , e . 

<r ■ — ■ 49.2 ña s ■ $.0g and v - a /— - 2.5 nía 

4 m M60kg * 



Potencial Fnergy *nd Encnjy Censen añon 7-9 



7.2*. iDCA-nn-: If.,. -av£co*¿. 

Skfip: When he move* upward. e* - ISO "¿md when he moves downwartL ^ - 0" t When he moves parallel to 
ihe ground ^-90*. 

Eunu: (u> ft; 4< -(75kg)(9.80m h * J X^Oni)ffl»ISO t --SIOO J. 
<">> H ',«. ■ (75 kgX9J0 rnV><7.0 m)corfr* - +5100 J . 
i<\ 4 - ^0° in eacb c*¿c and W - 0 io e*ch case. 

<d) The total work done on h<m by gm ity during Ibe roun d Irin tí -5100 J + 5100 J-0. 
(e)Graviiy b a contervative forte *¡nce ibe lotal work done Ibr a round inp bzero. 

EVALUATE: The gravity forcé b independent of the po*itionand mot»n oí the object. When Ibeobjccl twtís 
upward gravity doc* negative work and when ihe objcel move* dowmvard gravity doc* pcuitive work. 
7.27. IDCVIIFV: Appky tt\ - fácnf . f t - ftn - 

Sur i p: For a circular tríp the dnunce Iravclcd i* J - 2xr . Al each poini ¡n ihe molion Ibe friction forcé and the 
dbplaccmcnt are iti oppoute dircciioni and 0 - I Sil" . Thercfore, W f ■ -/ t J — -/ t (2>rr) * a - ms; so j\ - fi^m^ . 

Execlte: (t> íl . s-^«v2xrs-f0.250XIO,QkgM^80mV)(2jrK2.00ni>B-308 J 

(b) Theduiancc alone the paib doublc* so (he work done doubles and becomes H>I6 J . 
{c} The work done for a round tnp dbplaccmcni b nol j»ro and friction « a noncomervative forte, 
EVALUATE: The dircci»on of the friction lotee depend* oci the direciionof motionof the object and thai i* why 
hricifon b a noncon^ervative Torce. 
7.2S. iDEvrm and Ser HP: The forcé b nol conaant «1 wv muil u*e t^.(& 14} to calcúlale lf. Toe properoc* of work 
by a comervacive forcé are deicribcd in Section 7.3. 

W-[*F di, F--ax r t 



EXIXI fe; (n) dt - tx 1% con*iant: ihe dctplaccmeni b in ihe ■+ i>dircclion i 
F dt - 0 (nnce Í*j-Q) andihus " 

■ i.í dr' 

í -df * (-tfxV) - ( dd ) - -er r dx 

it} Jí -dxi a% ixi pan IbK bul oem^ v - OJO m and tj -OJOm 

W ■ --r«í " -a^)=*OJ0 J 

(d) EvAi.tiAiE: The total work Ibr Ibe diiplaccmeni along the v a.\i* from 0. 10 m lo 0.30 m and then back lo 
0. 10 ni it the Mim of Ibe retnllx of part^ lb>and<cK wbícb i* /ero. The total «xtrk i* /ero when the xlarting and 
cndmg pomt» are the *ame* ut Ibe forcé h con»ervarivc. 

Bxmmi — 

The definiiion of the potcntial energ\ h funclton ¡s lí* — 6\ — í/j. Comftaribon of the two expreutom for ff' give^ 
£/-t«^ 1 ' TbUdoes correspondió f-'-O when 

Kvah ui; In pan ia> ihe work okinc \* /ero becauie the forcé and dtsplacemcrit are perpendicular. In purt t h 1 
the Ibrce i* direcicd opposite (o ibe duplaeemcni and the wotk done u nc^aiive. In pan (c> the forcé and 
dbplacement are in the same direction and the work done U poiilive. 
7,29. lof^vnr^ : Since ibe fbtee « conMant* we lí' ■ Ftcot$ . 

Si.r 1 p: 1 01 both diiplacemenu* the direcitonof the fnciton Ibrce b oppoijie to the di&pbcenicnt and a>- 1K0 1 . 
ExctirrE: (n> When Ibe book mave* to the left. the frkiHtn forcé b to the nght. and the work i* 

(b) The friciHtn forcé A now (o ibe lelV and Ibe work uagain -3.6 1. 
<c> Jttl 

<d) The nci work done by frkrlton for the round tríp b not /ero, and fríclíon b nol a comcrajtivc forcé. 
EvaLUaTE: The dircci»on of the friciion forcé depenib on the motion of ibe object. For the gravily forcé, w h hkh 
i* conserva! ite. ihe forcé doci not depend on ihe molion of the ohtecl. 



MU C.'JwpirrT 



JJi. Jiti \ i im ji>J S#;r IIP: The fnclion Torce ta comtani duríng cach dtapUccrncnt and £q<6 2) con he uied (o 
cakutucuork hut the direclioo of (he rricton forec canbcdiffcrcnl fordiflerent dbplaccmenbc. 
f*f\mt «(ttSXU kg*9.1WmV>0.675N; directionof / .. ri v-,¡i, h i 
Eraren:: (u)Thepaihof ihc hook iukctched ¡n Figure 7.30a, 



Figure 7.»w 

For Ihc motion from you lo Bclh ihc friction forec i* dxrcctcd oposite to Ihc dtaplaccmcni r And 

ff¡ — jGr*-<J.675 N)(U ra) --29.4 J. 

I oí ihc motion from Heth to Cario* ihc fríclion forcé u again dirccicd opooiilc lo &k drtplaccmcnt 

IT, «-29.4 J. 

ir„ - »; + iF : - -29.4 J - 29 4 J - -59 J 
(t>> The paih of (he book i* iketched ¡o Figure 730b. 




*^J2íX.O my a I1J 



Figure 7 Jílb 

/ taoopoiiicio í, so JF = -p--(3 l 675N)<n.3ro>--42 J 

w 

For ihc motion from veo lo Kim 



i 

Figure 7 Jflc 



fF = -(3.675 KOI mi - -29.4 J 



For ihc molHtn from Kim 



í 

r igure 7JH 

The total work for (he round tríp i» -29.4 J - 29.4 J ■ -59 J. 

(d) F valíate: Parta (n) and (b) iho» (luí for i*o difTerenl pathi bciwccn you and Carb)** che work done by 
Incluir* ta difieren! Parí tci *how* that when (he siattmi* and endme pointa are ihc unte, (he (otal work ta nol ¿ero 
Dolh rhcic remití show that ihe friction forcé n nor>con¿cr\ ulive. 
JJI. lot-MiM: The work done by & ifirimt on an object aitachcd (o ita end when (he objcci rnovci Irom v to x t is 

IT-^'-^.ThurewUboUsrorany xand 

ÜEf IP: A^umc for sjrnphciiy ihai x ; and Xj are all penmve. correxponding lo me qinng being Mrelcbed. 
KXECirTK: M^kixí-4) 

(b} ~^k{x¡ —aí). The lolat work ti aro; the *pring forcé ta conicrfativc. 

<c>From x t lo x i# W «-¿jt(xj F™*" *> to W ~ ~^k{x\ ~ x\\. Thenctworki* -^(xí-x/V Thtsta 

(he same ai the re«ul( of parí i a i 

EVAl l iaTE: Htc remití of part le) illuitratc thal ihe work done by a conscrvaiive Ibrce i* puth mdcpcndenl. 
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7JL iDCNTin and SsrtiP: U« Eq.(7.l7) lo calcúlale ira: (otee from ( i U*c coordínale* ivbcte (he origin i* al 

onc atom The olhcr atoni then has conrdmale v 
EXECirTE: 

The rrunu* *ign mean that /■* k direcled in Ihe — r»direclioa* i»ward the origin. Tbe forre ra* rnagnitudc *-t 'x 
and i* atrractive. 

EyamaTE: t/dependh oaly oo x *o F Í*a1iwigthe A-axj^ithaioavorrconiponcittv 
7J& iDkvnrv: Appty Iiq.<7,l6). 

Skf t'P: The &ign of F r indícale» ¡ti díreclion. 

EXXtlfTE: F ñ «-— «-4ax* ^4JÍ J/hV)a\ r\(-OMO m, - -(4 + g J/ai* MHMEO m)* - 2.46 N. The forcé b 
in ihe -t T'ibrcction* 

EVALUATE: S\ > Owhen x <0 and <0 wfacn x>0 . so the forcé ¡* alivay* directed uwardi ihe origin 
7 J4- IDEVT1FY: Appíy F(x) = - . 
- rf(l/x) 1 



EXECUTE: F í (x)--ít5V^-G^[í^l--í^.lb H ÍM»QD m.isinthe -xdiicction . Thü 

L dx J x 4 

i* loward m 1 , %o Ihe forcé i* auractive. 

Eyajj By Niw%>n** 3" Iw the forcé on iw t due lo av. ¡* Ou/u*/** , in the +>Y-dircct¡on itt*w¿rd »j ). The 

gravilalional potcnlial coergy bclongi tothe %y*lcrn of Ibc iw<ima**ci* 

7J5. locvnn-: Apníy J>- — arad F^-— . 

By 

-« "-•••••>"• 



<b M xWV^*^-^ 

(*> f and ' are negative. F ■ ax and /■* ■ ay . wbcrv i constant* *o F and ihe vector t rrom *n to m , are 

in ihe larnc directiork Tbetcfbrc* / i* direcled loward /t/ t at the origin and f i& aitractivc. 

y V 

EVAUATE: Jf 0 ¡* ibe anglc bctwcen ibc veclor r that point* from *u ( to m,.lben — -coitfand — -*¡n#.Thb 

y r 

givei / - /coitfand F - -F%m& » our more uiual way of wniing ihe componente of a \ L cct«. 
7J*. lor-vim: Anpty Eqi7,IS). 



I \ 2 . Jr' l I 2 

7)-7- d ll7- _ 7 



EvaJxtaTE: F t aod x have the «ame *ign and / jth! v have the same ijgn. \Vhcn x > 0 . ^ ii in the 
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7J7. iD&vnn md St:r i p: Uic Eq (7.l7) lo calcúlale ibe forcé from t/. Al cquilibnum F -ti 
<a) Extcns: The graptu are ¿ketched ¡n Figure 737. 
U r 





T 7 7 



r 



di 



\2a 6h 



[b) Al cquthboum F- <X so — -0 



7JS. 



/' -0 unplkB 



+\2ü 66 



■ i- :.. solución u thc ecnjd&rium dislance i. r/r>/ * 

í/is a mínimum ai this r: thc cquilibnum i* *tablc 

|c>AI fllfl/fr) 1 *, U **f/* -Mf *a0>/2áf -hibtlats-b* t4a 

At / » f -O. Thc crtergy that mus* be added i* -AU *b ! t4a. 
Id) r. -I2a/n>* *-UJ*lO 11 rn givesthat 



xlO 



-2.402- 10* m 



^/4**l4fr/4*)-I<S4><ttf*J 

ftf2.402* I0 U oí ')*1.M*10" J and »*MUIÜ "* J m*. 
Thcn 2tf^«2.0R2ielO~ 4 * m* give* n-<A/2H2.082xlO " ra"! - 
¿(6.41*10 ^ J id*K^0S2>íI0 - m*>«6.67*10 Jen" 

EvaLUaTE: As thc graphs in parí la) diow* ."i»t ¡sineslopeof (/(r) atraen r i/<r) han mínimum wberc 

iDCXtlFV: Apply I:u,<7.l6). 

Sur l p: — W thcslopcof ihcU w«*i graph. 



EXEtirfE; (n) Coittidering only forcé* in Ibe v-doection* f - — and so ihe forcé isxero wben Ibc slopc of 

thc í/ ra * graph H xero* al pointt and rf. 

(b) IVunl /* is at a poicniial mínimum; lo move ít away from frtvould require an ¡nput of cncrgy* so thu point \% 
*iable. 

(c) Moving away ftom poinl ¿ in vol ves adecreascof notcnlial cnergy* herce an increasc in kinebe cnergy. and thc 
matblc tends lo move further away. and so J ¡s an unsiablc poúit. 

EVAUUTE: Ai potnl b t F t \± negative when Ihc marMc ¡s displaced sligbth to thc right and F t is posiiivc when 

ihe marbJc ú displaced *Jigtuly lo ihe lefl, Ihc forec b a resioring forec ^ and ihe equllihrñim ¡s slable. At poinl J* a 
«nall ditplavcmeni mcilhcr üircrtion produce* a forec dirccicdaway from d and thc ctnillibrium ¡s umtable. 
iDEVím: Apply y f - md to thc bac and lo thc box. Apply Uqí 7.7) lo Ihc mdion ofihe lyilemof Ihc box 
uhI bucket after ihe hag n removed, 

Skflt: Lci v -Oai thc final hcii^it of ibebockctto y ( - 2,00 m and >\ = 0* K í -0 . The box and ihc buckci 
move wíih thc tune tpced \\ w K t = ^{m^ + m m . - -f^é . with 4 - 200 m and ¿ ^ //.rn^í - 
Defore Ibc bag Í% removed* ihc máximum posible friction forcé thc roof can exert on Ibe box i* 
(a700HK0O kg + 50 0 kgH9.S0 m. 4 J ) * 892 X . Thü n largerthan Ibe wcight ofibe buckel (637 N\ *o befóte ihc 



nnee therc a no oiher hori/tmia) forcé on thc bag 
i ihc wcight of thc bucket. 637 N. 



EXEtirrE: (n> The fricuon forec on thc bag of gravel U zero, 
Ibr friction tooppoie. Ihc ttatic tuLtuxi forec on thc box euua 



Pulcntial twnf) *nd Energy CunvcrvalKin 7-1 J 



|b>r:q47J>etvn - / k rf - i*»^ ■ with ^ 145.0 k¿. r = J_(ip^jf ( - 



□3 

1(145.0 kgL 



(65.0 UX^KO m s ! HlOO mW04Ü0)lSO0 kgUQ.KO m * ! *2 00 m) 



EVALUATE: If *c Appl> y^/' ■■■ m& lo ib: box and xo thc bucket wccan calculare ihcir common accclcrarkmd< 
Trun a constan! atecieration equaiion appUcd to criher «bjcci ifivct v - 2,99 mi* . in agreetnent with our rcMilt 



7-4Í- Idevtot: Fot thc «y*tem of iwo bloc**, ooly gravily ctoc* work. Apply UqflA}. 

SiiFlf: Cali theblocfcsJ and í t *bere.4 i* ib* mor* iriwtívr anc- - v M «O. Lct v»0 for caen bloc* lo be 

ji thc «titi jJ Iwigblof thal block. *o y« = r 0 -0, >' j3 - -1.20 mand r w -*l.20m. v„ = v„ » p ? »3.00 nVi . 

llu.í i n: Eq.(7.5| give* 11 «jm, + JH^ívj * gil 20 mMm> -«J ■ w. tw, -l>.Okg . 

4(15.0kgH-VflOmsl' t |9M m'* : 'líl 20m)(15.0k*,-2mJ .Sotving for m.gím ai, -10.4 kg. Andthcn 

EvaUjaTE: The final kinclic cncrgy ofihc Iwoblocki i* 6H J. Thc potcntial cncrgy ofblock A dccrca*e*by 122 J 
The potcntial cncrgy of block £ incrcaxc* by 54 J. Thc total decrece in rwlcnlúl erragy ¡i 122 J-54 J-óKJ. jnd 
thb cquab thc mércate in kincik cncrgy ofinc lysrcnv 
7-41- iDKvnn-: Apply *,+[/, +0^-^ +£/, 

Ser IT: t/,-^ H'^-*; with j-2H0IUS5,3m 

t: vm i 1 1 : u } Thc work-encrgy expresión give* 4j»v? - M t **gt * 0 . 

V - J^JkS* ■* — 1 ms ~ 50 mph; thc driver wa* ipccding. 
(b) 15 mph mvr %pccd limil so $150 tickel. 

EvAJXMt: Thc negalive watk done by friciion removet thc kmctv cncrgy ofihc objccL 
7-4L lotMin: Apply Lq.<?J4i r 

Sur tr: Onty thc ipnng forcé and gravity do work* *o W A - 0 . Lct r -Oat thc horizontal %urface 

ExetiíTE; (a) Equaling thc potcntial cnenjy ¿lored in thc spríng to thc bloc k*i kinclic cncrgy» ~&.v' -Lmv~ r or 



(b) U&mg cnenjy mcihocH dircclly. ihc ¡nilial potcntial cncrgy of thc ¿pringcqiol* thc final gnvitational potcntial 

. . - _ , t*»' _ ÍÍÍOONniHOiMni)' 

cncriíy, -tv - myKunfK or ¿ ^ ^ ILS2I m. 

w T ^ ^«ntf (2.00 kiX9.B0 BAi J )nD37JI D 

EvaLiiaTE: Thc toial cncrgy of ihc «\ h itcm i&corttiani. tnitially ¡t ü all claMkr poicntul cncrgy xiored in thc 
spnng, Ihcn il ¡* all kinclic cncrgy and llnally ¡1 i* all gravhalional poicntul cncrgxv 
7-43- Idevufv: Use thc work-cncrgy theorcm. Eq<7 t ?>. Tbc largct variable ft t will be a faclor in ibc i*ork done hy 
rriclkm. 

Si: r t P: Leí point I be where ibc Mock i* rcleawd and lct poim 2 be where thc block *toru. ai shoun in 
Figure 7.43. 



Work i* done on thc 
block by rhc snrínL 1 and 



TvHJ by fr^««i< « - »; 

t .03 re » and ü « t/^. 

Finare 7-43 

i-Anuí; jtr,-A: 3 -o 

U % * 4^ -1(100 N/mX0.200m) J >2.0Q J 

l/j *f j rf *0, saicc after thc block 1eave% ihc ipring ha* givcn up all iu %lorcd cncrgy 

( a |/ fc coa^^ - / J k m í U*>tc*i* ■ —ftjngt» *incc *> - ISO" (The friction Ibrcc i* direcicd oppo*ite lo ihe 
di.splxcmcnt and ckic* negative work.l 



T-U Ch*ptrr7 



Ptiitinu «ill thu into A', + ( , - IP pb . - K . - í . givei 
« -ííü. 5" -MI. 

EyaUiaTE: í. r , ri t If r , - 0 iay* Ihal ihc poten tu) cncrgy origina) ly itorcd in (he ¿pring i* ukcn out of thc tystem 
by Ihc ncgaijvc work done by friction. 
7.44. lof-Mif\: Appty I3q><7.l4). Calcúlate /, frorn thc fací ihat thc cíale *lide* a dota tice x ■ S.60 m More coming 
lo real. Tben apply lx|< * 14 » again. with x ■ 2.00 di . 
Mu» 17,-6^-3601. í/,*0. JC,«0. 

EXECUTE: Work done by f riel ion agauvci the ente bnngs ii toi hale V t ■ -JP^ . 

/. < - poicniial cncrgy of compretted ¡firing , and f ■ ■ 64.29 N ♦ 

5.60 m 

The fnciion forcé wirktng over a 2 00-m djtfaruc doci work cqual lo - í> - -(64.29 NK2.00 rn>- -I2H.6 J. The 
kincltc cnciuv of ihe érale al thi* point is thu* 360 J~l2K.fi J - 231.4 J t and iu «peed u found from 



im<*/2- 231.4 J.so v- Izízíidii OM m>* . 

l) 50.0 kg 

Evajjate: Thc cncrgy of thc cornprcrued ipríng goc* parily into kinclic cncrgy of thecrate and is pirtly 
removed by ihe negative work done by rricikm. Aftcr thc érale kave* ihe *pring the craic slow*. doxvn as friction 
doe* ncgjtivc work on ¡L 

7.45. tot-\ iiim Al iis túfhc*! pomi bcrwccn bouncc*all ihe mechanica) cncrgy of ihe hall u in the Ibrmof 
graviialional potcniial cncrgy. 

Sir ip: E -U - aigh , «Itere A is ibe hcight ai thc highcsi point of the monon, 
i:\ic t ir; (k> mxk-iOMO kg«9X0 ras J )(2 50 m)- 15.9 J 

(b)Thc*ceorribcighii* 0.75(2-»in)-l.í75ixi 1 *othe*ccond m^h-ll *í J ; rítate* 15.9 J- 11.9 J = 4.0 J on 
lint bolinee. Th¡* cncrgy ii converted lo ihemtal cncrgy. 

<c> The third hcight ¡* 0.75(1 J75m>- 1.40 m.,»oih¡rd - SL9 J ; ti loses 1 1.9 J -8.9 J -3 u J onsccond 
bounce. 

EVAUUrE: In cach bounce ibc ball lo^25%ofiUn>xhAnkuleneTgy. 

7.46. lotMm: Appty l^|.<~.l4)io reble A and i>. Apply - Wat point & lo find ihe miiumum ipeed rcojuiicd 
4t lor the car not lo fall olTtlte Irack 

ir: Al /f. */ - \ \ ft . dowTiward. Ihc mínimum ineed i* nhen n -*0 and niff - P The 



tpced required Í« ■ . A. - u and —0 . 

K\*;t l fe: (a> Eq^7.14| applicd topointi and ejvei V A -U t - i-mi^ . The hpced al the top nnut be al kaM 
^gS, Tbu* t mg{h-2R)>Lmg& or *>|a. 

<MA W lyEq.(7J4)iopc>into^andC. £^-^.(2.50)***^. «. 

^ -^ 5JW ^ - J(S 00)49 K0 m^KZO.Q m) - 31.3 rrtfs. 

The radial JKceleraiwn \% a M - — - 490 mV. The ungenial direciton i% dowtv ihc nortral forcé it poini C i» 

R 

hori/ontal 4 iherc i* no friction. *o the onty tkm + nward forcé « gtavity. and - g - 9,80 rti'x*. 

PX\'AUiaTE: Uk>\R, iben the úbmward iccderation a( fl dnc lo ibe circular motion « greater Iban if and thc 

traek mufl excrt a donnward normal forcé «. n increaie» a* h inervases and henee Vj increaic^. 

7.47. Ul llMlMin : U*c work-encrgy rclation to fmd ibe küiclic cnerg>^ of ibe wood * il cnicr* Ihe rough botioro 

Skf IT: Leí point I be where ihc p*ece of wood h rekascd and poinl 2 be juit hcfore it enter* thc rough boitom. 
Leí y~0 bealpotnl 2 

PXXKCUTE: L\ - K ¡ giw* K i - mgy t - 7Í.4 J. 

iHNTltV: Now appK' «ork-encrgy rclation lo Ihc motion alora thc tuueh holtom. 
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Su L p: leí point I he tthere it ciucr* the rough Ixiitm and pomi 2 be ^bcrc it itorn 

I \k i FE: »^ «H;-- K ^, JTj.^-t/,-©; ¿WMJ 

78 + 4 J - y^rngi - 0; sotving fbr * give* * - 20 + 0 m. 

The «¿>oJ *top* aner mveling 20.0 m alora? the nxigh boilom. 



(b) I ncitan does -7S.4 J ofwork. 

EVaUtaTE: The picce oftvood stop* befare Ii iraké* onc trip aero» ihc nxigh boitom* The final mcchanical 
cnergy t% rero. The negativo friclkm wofk ukc* auay jII ihc nxcbanical cnergy mitially ín the uncm 
lofAim : Apply Cq><7.l4j lo the rock. PF^ =tf' A , 

Sur ip: Leí y - Oai ihe Ibot oíthc hill. *o V - Oastd í\ - mgh . uhere A is the vertical hcight of Ibc rock above 
the Ibot of the hill wheo it *top*. 

1 mi I ii : tu) Ai ibe máximum he ¡ghL K t -0 . EqJT.M) give* 1^^+11^ m U %m ~ 

— imí - WM co*0 J -mgn É ¡/ *o — v¡ ~ u k gco*0 É 

2 2 «intf 

2 sin40 & 

<b>Comparc máximum itatic frieboo forcé to the weight component down the plañe* 

£«/giigm4U<OJ5M2Skg)(M bisocos 40 ¿ J5K N m$%mft m (28 kgH9K Main 40*) = 176 N > ¿ , » 
the rock will xlkle ckmn. 

(c) Use ñame procedure a* in part tal* with A ■ 9.3 ni and v A being the «peed M the bottomof the hill. 



■ ^ " ^/«nr? -ILHnVs 

EVaUiaTE: for ihe round tríp up ihe hill and back down, Ihcre is negalive work done by frietíon and the speed 
of the rock when h retumt to the botiomof the hill h Iüs thm the «peed it had ivhcn it staricd up ihe hill, 
M9. IdevHfv: Appty nq (7,7>tolbe mobonof the slonc. 

Skt i*: *;+£/;+ pr fc 

Leí pe4nt I be poini .( and poini 2 be point 8. Take y - 0 41 poini B* 
KxtcirTE: «¿i*, + yflttV* " T^j* wiUi * - 20.0 m ¿nd v, - 10.0 m % 

^ ■ J*í + - 22 + 2 :r. ■ 

EVaLUaTE: The km of graviiatíonal potcntial energy cquik ibe gam of kinelic cncrgy. 

(b)lDEKT1FY: Apply Eq.<7A> lo ibcmoliooof the slone ftom point 8 lo wrwre it eomei to resl 4g*imt \ht 

spring 

Si.r lp: Uic A' »■ C r *■ II* ■ JC, 4 ü",, with point I 4t B and point 2 wboc the apnng ha* it* máximum 



ExtCTf E; U t mU t mK t *ík K t - f mi; with v ( « 22 + 2 mí 
H; 4- "IIJ i* M\ % - - 7*^ - wíth . h» ■ . 

The worfc'Cficrgy relalion %\vc% K t * N* Jb- - 0, 
^(wií-ftm^-^í 0 

Putiir^ in the numérica! vakie*gi\«i r 2ft4t-7S0-0* Tbcpoiitivc rool tothiiequation « v-IMm. 

\n \Ft; Pan of the influí mcchanical (kínetie> encrgy a removed by frietíon wiV. ind the re^l goe» inlo Ih 
pi^cntial cnergy Moted ín ibc iprin^. 
(c) iDKVtiFV and $Ef VF: ■■ • - n . ■ the foroes. 

EXTCUTE: When the tphng Ucompreraed *y~1M m ihe forcé rt e\cm on iheilone \% I\ - Ai - U ¡i N The 

máximum pouible «latic frietíon lorce i> 

max/ 4 - ^/ - (0 «0K15.0 kgH»K0 ni 1 |-I1IX 

£\ Ai.i aff.: The snring lorce t% leu than ibc nuximum pouiMe tUtie friclnm forcé *o ti 



M* ChaptcrT 



7.51, iDfAiin: (mee ibc bfock Icavcs ihc lopof the bilí il movei in projcciile moción U« I.q{7.14) toretaelbe 
spccd r b al ibcbonomorthchilltollMipccd v ( ^al the lop and Ibe TO m hcigbt of ibe hilt. 

Su ip; Tur thc projcctilc moiwfv ukc n lo bcdownwarcL <? t -0. a t -g « v #4 = v T< _. v # , = 0 . Fot (he moi»n 

up thc hill only gravily docs work Takc i -Oal ibe baw of the hilL 

I \m i 1 1 : Fir*i gci ¡ wcd ai (he top of ihc hill fot thc block lo dea* thc pit >•«— gt* , 20 m <9.& nVlf 1 , 

40 m 

2.0% II'.'- mgim v r-f =——-20 nV*, 

HncrgY comen Alton jfiplicd lo tbe mobon up thc bilí: A "C/^ gives 

imí-a^A+Znn^. v. »Jvtp+2fA ^20 m*)* * 2(M m* J )<70 m)^42 nV* . 

EVAUUTE: Thc rcHilt doci oot dcpcnd on thc nu¡u of Ibc block 
7-51, IdEVTIIY: Apply AT t-í.", t-íi;,,. -K 3 +V 3 lo ibc moiion of ihc per*» 

Siifip: Poim 1 U«bcrchc iicfu otTibe puiform and potni 2 u whcrc be i* itoppcd by ibc cord Lct y-0 al 

putnt 1 v, -41.0 m - where t-II.Om i* ibe amoum thc cord u MM at poim 2. The cord 

doc* ncgjtive w ork 

1\KfTt: r|-JCj-ÜV>% *o *»gv, -4*^ 0 aod í ^ 631 Km, 

Nowapply F -*x lo Ihc ic*i pul)*: 
F*kx so m 

luiun: AJI hb tnitial gravitatioral polcntial cncrgy u takcn away by ihc negative work done by Ibe íbrec 
excried by ibe cord* and Ibis amourtl of coc Tgy t% ilorcd a* claMic potencial cncrgy m thc £irclcbcd cord* 

7.52, iDEvnrv: Apply Eq><7.!4) lo thc oiotion of Ibe *fc¡er from thc cale ii> ibe botlom of the ramp. 
SETtV: fF^ --4ÜO0 J. Leí v - Oal the botlom of ihc ramp. 

F\fc t Tt: Fot thc ik*cí lo be moving at no more than 30.0 itn ; bt* kinetic cncrgy al the botiomof therampean be 



thao ^v^n^ '»>j ¿JS,250J . Friclion áoa -4000 J of work on him durme hi* run t whwh 

mean* hi« combmcii C/andA'at thc lopof ihc rampmusl heno more than JK t 250 J *4000J - 42,250 J, IlUAaimc 
, (8S.0kgK2*0m*i J 

'^r z — 



170 J + lli* i* atibe lop *hoiild thu* be no mote ihan 42.250 J - 170 J ^42.0SO J. 



42.0SOJ 



\2. 



50J 



which eix-es a heiithi above ibe boitom of ib: ramp of k- 

mg (R5.0 kg«9 + 80 mV) 

EVAUMTE: ln the abicnce of air rentíance, for Ibi» A hit speed at the botlom of ibc rjmp would be 3L5 m's. 
The wuck done by ait temíante ti ^nudl CiHtipatcd lo ibe kmetíe and potemial ettergiert thal enler mki the 



7,5J, iDEvnn : Use Ibe wark-enctgy theorem. l<\ 1 7.T Sohv for K¡ and then for i- 
VF: Lcl point I be al his 



ibc comprcued xpring and let poíni 2 be at thc end of ibe harreé 
a ¿hctvn in l'icure 7*53. Uve F - kx lo ñnd thc amount ibc «príng u inilally compren *cd b) T ihc 4400 N Ibrce* 




Takc > -0 Bthn 

--i40Nx4J>m}--l60 J 



Ptart733 



luí 



l/ ( _^ -th 6 1A wherv J w thc ditíance the %prmg i* miiiaíly 



F 4400 N 



t I IDO NiiD 



^4*0Oqi 



r . ( - U . M00 N mM4 00 m> J ^ XS00 J 



mg)\ -<60kg>t9 + SOmi'X2.5m)-l470 J. V t +=Q 



Polcntial Incnry and Energy Cun*cnalKin 7-17 



Thcn Ci+üi+IK*. -«i+Üi gira 



J-l60J-fmv¡ + 1470 J 



EvaUTaTE: Someof Ine poicntial cncrgy *iorcd in thc con^rei^ri spring t* (aken away r,> lhc done by 
ItícIhmi Ihc rcit goc* parily inlo gravit&uonal poicntial cncrgy jj>J panly into kinetic encrgy. 
7.54. IDK nrv: To be at cquilibrium al thc Kutnrn. with (he spnng comprcmed a d planeo Ibe sfiríng forcé mu*t 
balance ib? componen* ol thc vvticht down ibe ramo plus ihc largctl valúe atibe ilatic Irkiton* or 
kx* = mm& + f. Appty Lqí" I4i lo thc moción tkmn thc ramp. 

Sur tr: A¿ - 0. A* ¿ . wherc vW thc ipccdai thc top of (he ramp. Lct *> ( m iUiI, where £ 

ih thc lotal Icngib iravclcd down (he rarnp. 

I ■ \m i ii : Eq*(7J4)gtve» ^-Ax¿ -(wúnO- /)! *lan*"\ Whh ihe given paramcler*. - -l \% I and 
*^-UO*IO l N + Solvmg for 4 gira i -2440X.tjl 

Evajj AfE: x - 0,45 1 m . - 551 N , Thc oecrca&c ¡n gravilational potcntiai tncniy u onK shuhtly largcr 

(han ihc amounlof mcchanícal cnorgy removed by tbc ncg&irvc ivorkdone by friction. -mi ■ 243 J . Tbc cncrjiy 

¿lorcd in (he *pring i* only dighily larger (han me initíal kinclic encrgy ofihecraic at ibc lopof Ibc ramp* 
7.55* lof.viif^: Applv La.<?*?Mo ihc iv*iemconMi(intfof ihc iwo buckcu. If vte ignore thc incnia ofihc pullev we 



motionarc*kc(chcd milite 7,55, 



ignora inc *mcue encrgy it ha** 
Bn ir: Ki+U. + tt'^ -K. +0*, PoinU I «id 2 in 



^ -:mn* 
V , - ii 



j 



: ] 



I 



•i 



r izure 7*55 



Thc tensión forcé doc* poiilrvc workon (he 4 0 kg buckci and an cqualamount ofncgativc vtork on thc 12.0 kg 

bucket. so (he nci work done by (he tensión » zenx 

Work U done on (he %yitem only by gravity. to H'^ - 0 and V -U^ 

lAUMJ; \ ' i 

ATj - ynijvl j 4¿ntf r¿ > Bul xince Ibe i*o bueketi are conneeted by a rope \hcy mow logciner and nave ihe *an 
*pced: ri.i«v ftí -v 

, ■ (12.0 kg)(9«0 ■tf H2O0 m) ■ 235,2 J 

y j = m *&* í s í4 0 **** 80 «VK^rjO mi ^ 7SJ J. 
Pumngallthn mto IT, *U t *W M * A:, **V, givet 

235-2 J - (BM kgh í + 7S.4 J 



U t *m 



235 2 J-7S.4 J 
t\- i -4.4m s 



í [)0k p 

EVAUtaTE: Thc gravitaiional poiential ener^y dccrea^ei and (he kínetie energy inereaMM by (he same amount 
We could apply Eq^ ?.7| lo onc bueket t bul ihen we would ha ve lo inelude m ibe work done on ihe huekel by 

r 
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7.54. iDf-Min: Appty A r +l\ - +l\ lo t!tc woimnof thc rockcl from ihc tfamng point to thc base of (he 

ramp. M> h ifc- (*. ihc work done by ihc thrust and by friction. 

mi ir: Lcl point I be al ihc «tartinc point and let poínl 2 be at thc base of Ib: ramp. i; "0 * >\ — SÜ.O mlx . Lcl 
y ¿ Dai ihc base and takc up*vard> Then \\ —0 and v, -*/%in5V . xvhcrc ix thc dixtance akmg thc tamp 
(rom thc baxe lo ihc starting point* l'riction doc* negative wotk* 

KXEU r m tf ( =0\ t/j ««.^tir^a^. IT^ ^<2ÜOONtfH5C»Nk/^<1SOON)J. 
mffer un 53% 11 500 N )d - f mrj . 

rf- ^ = (■SOOfceXSOW Bl42m 

2|mjjx<n53%l50ON] 2111500 kgX°-80 mx-)xm53" + i5uO NJ 

EVAUiaTE: Thc miliar hcight i* y, = (U2 m)*ín53 a - 1 13 ni . An objeet frcc*falkng from thu dixiancc atiaw* a 

*pccd v-t¡1%}\ -47.1 mi . Thc rockcl atiainx a greater specd than ihi*bccauxc (he forward ihruxi ti greaicr than 
thc friciton te. 

U7. |pf.viiH: TTk forcé cxertcdby aspríng ix /¡ ■ -tt . Thc accclcralion of theobjccl i*givcn by F M ~ma t . Apply 

Le i. 7, 1 ¿ i ta relate pollino And specd* 

mi IP: Lcl »x be when ihe spring i* xtrcichcd* 

ExXCUTE: (■) U = -l¿r* . Leí point I be when thc spring i* ¡n¡tiallycompfc*xed a dixlancc x 0 , no x, x^. 
JC^O. »^ -0. ¿I . 1 ■ a I he ¡peed ,■ max) .i m h-.-r x-0 . *o (/] -0 Then ¿U' = T«v?and 



Vj a x^kim \% mi* máximum tpced* 

■: U ) F t m -kx and F t - «w 4 gtve d 4 - x , <j ix máximum i*ben 1 ■ I ii máximum, xo 0 - — ■ É 

4i 11 m 

(c) Thcxpecd ¡x máximum when x = 0, when ihc sfiríng has retumed lo i(* natural Icngih, and ibc accdcraiKm i* 
máximum «fien x = , al thc iiuiial comprcuion ofihc ipring. 

(d) Whcnihciprmgh*i máximum extenuoo, ^»0. ^ » fir'and xa^.TbcmagmiudcofitKnxiximum 
cxicmion cx|uali thc magnitud? of thc máximum ctxiipvc?u*oo- 

■ t ; Thc machine pan owilbtci bclneen x ■ -x^and x ■ *x, and ncvcrilop* pemianemly. 

EvaUiaFE: )n any real %y^cm Ihcre are mcehankal cnergy Iducl for example duc te* negative work done by 
Iriciioiu and ihe object evcntuaJIy come* lo rcnl. 
7.5S. iDEVtiFY: CüQicrvjtion of cncrgy sa\ h * Ihe dccrcatc in poteniial eoergy cquals thc gain in kinctic coergy. 
Sur L p: Sincc thc two animal* are cquidüiani fnwn thc axb, they cach rxt\e Ihc «ame «peed w 
Exk i i 1 1 : One mas* rísei «tiile Ihc other rail*. *o Ihc net Ion of potcntía) cncrgy h 

(aSOOkg -0.200 kgH9«Om* : H0 4C»:» m)- 1 ]Tr> j Thw u thc xum oflbc kinctic cncig¡c»of thc animal* andu 



coual lo -»i \ aivl r> 1 — i -LK3m'K 

f \ \n Mi : The mousc gaír» boih f;ruMt2ii<ina] poicntiaJ cncrgy and kinctic cncrgy. Thc raf x gain in kinel»: 
energy íx les* than ¡t* deereaxe of potcntíal cncrgy, and ihc cncrgy ditTcrcncc i* tranxférred lo Ihc mousc. 
7.59. (a) JDKMIKY andSn t p: Apply Iít|.|7 Tj lo thc molionof thc pótalo. 

Lcl point I be *hcrc me poluto is rcka^cd and point 2 be al thc lowcst point in ilx molion, ax *ho 4 n , n tn 
rigurc759a + 



vi 



■i 

I ianre 739* 



}\ m 2,50 m 

The tcnxion in thc siring ix al all point* 
r. i m ihe motHin perpcndKxilar to ihe 

duplacemcnt. %o H' r m 0 
The onry Ibrce ihai docx work on thc 
pótalo ix ■. %o W' i 0 + 



V; - ftgñ - J2Í9.S0 m * H.2-50 m\ - 7.Ü0 oV* 

Eyai.i afe: il lbc «ame ai if thc pniato Icll through 2.50 m 

tbjIotviUY: Appty ^* f * - /«a lo Ib: pótalo. Thc poiato move* man are of a drek io itiaccctcration i* d — ■ 
where - V a í and i* directed toward lbc center of thc cicle. Solvc fbr ene of Ib: toce*, lbc icroion T ¡n Ib: 

Ski t p: Thc frcc'bndy diautam fot ihc pótalo ai il *wingi through it* lowcit poml U given in Figun: 7.59b 

Thc acccfcration rf t(B ¡ iidircctcd m twvard 

thc ccnicr of lbc circula! jxiilt. %o al thn 
point it i% unvrani 



EX£< i ri : - mu 




* ^ 1 - wf if + wbcrc ihc radio* A fot thc circular molleo b Ihc k-ngth 1 of ihc ¡ctrinü 



Il n nuctructive lo u*c lbc algebrad' expresión lor i\ mampart (a) rather thanjuit pulting in thc numerieal valúe: 

ThcD í"- m^j ^^-j-M^jí *1^J¿ Ve- *c lenuon al thc* poúil í* Ihrce lime* Lbc vmght of Ibc polato. 

1" * í »■■■■■" ■ kg)ÍM mV 1 = 2.94 N 

EVALUATE: Thc tensión ¡i gicatcr iban thc wcighi; lbc accckuiion \% umvard *o thc ncl Ibrcc mtiM be upwanl 
T.fiO. tAKTirv: Eq.(7J4)íays B^. - JC* t6' : -(Jl, +0\). ir -Wj ¡s lbc vrork done tm ib: haicball by thc forcé 
«etied by lbc air 

Km;c t rt : (a) Thc charle m loial cnergy U thc work done by thc air. 

=«U4S Lg)((l :>|]s^ mM- iiii.O m'%V ~(40.0nv»r J*<*.80 nWXSAti m>) . 
Wfliiitliirlj, »l^-(jl J +t/ 1 )-(Jt J +Ü i ). 

H^=<0J4S kg)((l/2)[(t].9ni%)'^<-2g T 7m l i> ? -016 m^> J ]-(9 + 80 m l rH53*6 mi) 

(c) Thc hall Umo\ ing shm cr on thc vray dnv>n + and doc* nutgoai Iw I tn ibcvdtrcction), and mí thc wock done by 



i;\ ai i afk: The initiat kinetie coergy of Ihc baseball b f(0 145 kg^50 0 m*r «Ifll J. Tor lbc loial motioo 

tntm ibc ground + up to thc máximum bcíghu and back dwn thc total notk done bv thc air U 1 1 1 J. Thc ball 
rctumt tothcgrounduith I K I J-11 1 J ¿70 Jof kñictie cnctgy aod a speed of M mi^ les« Iban itx ínitial »pc«d of 
SOrni 1 »- 
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7,61, iDEvnn andSt:r t:p: Thcrvarc twosauation* (o compare: stcppmg olTa phlíorm aítd *tidinu down a polc> 
Apply rbe work-cncrgY theorcm to eacta, 

<a) E\tt iii:: Spccd at ground if *tcp*off platrbrmal hcight A: 
Moimn from lop to hotlom of nok;(takc r - 0 aibotiom} 

U« vj = 2gA and gil mstf * fd = mgk 
fd=mg{d-á) 

luiun: : d thb gira / - 0 a* ti nhould (friction tas no cflécú 

For A - 0. %, - 0 (no mation). The cquabon for/girat / - io lh¡« ipccial case. Wheo f Ihcrorraon 
hitn cancel and be doc*n*t accclcraic donn thc oolc, tthich agrecs with i; -0. 

<t>Take y - 0 al bo<loroofpok t so y» - and y¡ ■ 

0 * n«J - /(rf - /) » ^«v a » mgv 
i-flf + = m&d ->>-/<<r- 

Uang f**mQ-kfé) gira W^mgíJ-il-mgO-A.rfK-'-^) 

^-PVfftJaJKf-j) and *>-J2m-yf<0 
EVALUATE: This gira Ihc corred rcnillifor > - 0 andfor y=tf. 
7.61, iDEVtlFY: Appíy Gq.(7.M) lo caen *ugc of thc molkHV 

SETUP: Leí > -Oal thcbotiomof thc *lopc. Inpm (a) 4 Jí _ ¡* Ita work efane by friction. tapartfbK i* 
thc work done by IHcixin and Ibe a¡r rc&ttfancc forcé. In parí <cK U the work done by thc forcé excried by ihc 



EXEtirTE: (a) The xkier'i kinctic cncrgy al the botlom can be round from ibc poicntial energy at Ihe lop minu* 
ihe work done by friciion, C, ^ *«A - »*, = (60.0 IcgNP.N NkgXÓS 0 m>- 10,500 J. or 



ZK. 12127.720 J) 



K. - 38,200 J - 1 0.500 J - 27, 720 J . Thcn v, - , — i- - [ - - J0.4 mí* . 

i \ 60 kg 

(b) JC,«JC -(PT+IF .)=27,720 1-ipmgd + f dy IT =27,720 J-[(0JH5SKNl(B2ni)-»(160NK*^niHor 



AT í =27 i 720J-22 i 763J = «57J.Then i v 2 -.¡ — = |— = 12.9 m* 

io i 1 . ^ l;r*ergy Theoretn to Hnd ihe forec = F-Kd -(4957 J>/(2.5 m)>mN. 

EVALUATE: )n each caie, Ü[,„ i* ocifalivc and remora mechanical cncrgy frm the syslem. 

7,6J, iDIXtiFYandScriP: First apply ^F-má loihcsAicr. 

Tind ihe angle a w-here ihe normal forcé beconm /enx io lerrnsof thc í^ieed at lh¡* point Thcn apply Ihe 
work'Cncrgy rhcttrcm lo thc motion of ibeskicr toobtain another cquaiion ihai rciaic* v¡ and cr + Solvc thc*c two 
cv|uatíon» Ibr a. 



0 r l 



■I 




Leí point 2 be «ocre Ihc wct I 
A-ith ihe sno^balU **% %keichcd in Tigurc 7.6Ja 
Lcacicontact imnliei n-tO. 



Pfjtcraial hrxrvy and Energy Con*maiKin T*2l 



Finí, analyzc thc forceson the ¡tkier when *hchal point 2. The frec body diagram ii inven in Figure 7.63b + For 
thb un; coordinaici that are in Ibc langential and radial direcbom* Thc + sk*er moves ín an are of a circlc. so her 
u i* -i^./J. d>rccledmtowaM*dieceriteroribe^w*ull 



EXEttiTE: -*u* 

"'L' COS0 ■ \¡fR 

Bul a-0 «o mgccaa=mví/R 




Nu»' uve coruervai™ of cncrgy to gct anolhcr cquation rclaling v> lo ff; 

Thc onJy Ibrcc thal doc* wwk on thc &kicr 11 graviiy, *o ir, _ - 0. 

K, = u\ A\ - yim*; 

Then «ig/f -^.nní + mg£c(»£r 

Combine Ihb* whb rhe ^ J' -jhj oqiiation: 
ftv*v±u - 2gR(\ - cosa) 

3c<h^ - 2 w con/ -23 and a ■ 48.2* 

EvaUUaTE: She spccdi upand bcr incrcasc*as dic loic* graviiationa) potential cncrgy < Sbe 
ivhcn ihc ir, going*o fei ihat Ibc radial! v mward component of her ivcighi im'i latiré cnough 10 kccphcr in thc 
circular paiK Note ibai a wbcrc site lose* contad ctoe*. not depend on her man or on ibc radium of thc mowball* 
[l»k\ 111^; Use cisnicrvation of cncrgy lo relate thc speedat Ibc lowctf poinl lo ibc inccd al ibc htghcsl point 
Use -mato eakulate thc Ictoñkl 

Si y ir: Thc rock bai acccletation u t *iPiR , direcled towjrd Ibc center of thc cítele. 

ExixtFr; If the *pccd of the rock aNbc lop u v ( , tben conservaron of cncrgy givci thc specd i\ atineboitom 
Irom -.'.r/ 4 mg(2/r) , beinc thc radius of (be cítele* and 10 r£ - + 4gR . Thc tensión al ibc lop and 

un*" tttv* ai 

botlom are found frorn T t * mg - — - and T h - - — i- . so ~T t =— Oí "*Í) + 2«í ■ nvwjf - 6h\ 

A R R 

EvaUtaTE: Hielcnwm f.and depend on thc ipecdof thc rock and on bul ibc diITcTcncc T^—T t ■ 

¡ndependent of thc speed of thc rock and thc radiut of Ibc cirek. 

Ji>i Min and Si;f t'P: 




l' ivore 7.65 

(1) App4y con&er\aiHtn of cncrgy 10 ibc ttvttiixi from B 10 C: 

A fc tí , 4 "'pb.. - A', - í Thc tnotion b dcicribcd Ín Figure 7 (15 

Excc l FKi Thc only forcé that doei «vrk on Ibe pactare during thc* part of ibc mol ion is frictíon. so 
- s - ^mjrtcoslHiru = -^«¿r* 

l/. «0, V. =0 
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<""■*>' ,0.392 



h\ Al t vfk: Ihc ncgaiivc frailan worit uikc* an-jy all thc Lmclic cncicy. 

(b) Io¿\iih *nd Sur l p: Apply comcrvation of cncrgy lo thc nuMion (rom A ioB: 

ExiXi rt; Work i* done by gravity and by friclioa *o = H' ( . 

K t -il JC, ■ 7(0*200 kgH4K0 nv*> : ■ 2 *M J 

V t - ^ «Wfi* ^ <0 200 kgX980 m * J KI 60 m» - 3 136 J. 

Thu* 

«; = ^-6', -1J04J-3J3ÓJ = -0 + K3J 

EyajxjaTE: W\ h ncgativc ja expccicd; thc friction forcé doc* ncgahvc work lince it » dirccicd oppcaitc lo thc 
d^kansi 

7.66* loevnrv: Appty Eq><7.l4) lo me tnitul and final position* of Ihc miel 

Sv.J i p: Lcl y - Oal ihc lowcst point of ibc path of rae duck. ¡* ihe work doocby friction. 

C\í c i Fti Dcntrtc racduUncc ibc iruck move* up ihc rjmp by v. K t -~mv\ , t' t -mrLsintt , +V-0. 
i' "!,;.m.. «id - j/.fligYCO*^. From *f/,)-(tf, + . and *oking fori, 

K t *mgL%ma l*í'2|í)* ¿sin a 
¿»£(sn * //.coa/f) *¡n/f + j/ É c*»/í 

EvaUaFE: x increaic* wben i,. incrcaic* and dccrcaic* when # incrcaic** 
7-67- F.-"*™-/^. ff-ÓOONm and /í-lH + 0X.m í 

(*) IwiMiFV: Uic Eq¿6.7) to ealcuhtc H'and then ute JF =-óU lo ¡dentify thc poicntial cncrgy ronchón I/(xX 

Ld -0 and : be *ome arbiirary point x. so t/ a fit7(x). 

I victf K iVfxIa-J^íxJAt-JJí-tfx-/^ 

EVaU at: Jf fl-0< i« ipting nocí obey Hookc\ Uw, «iih and our reiult reduce* *> ^b', 

1b) iDfcvnrv: Appty l.4<" 15) lo thc moción of Ihe object. 
SKI UP: The micm al poinu 1 and 2 i* dcclchcd ín Figure 7,67. 



« AAAAA-n 



lMm The only forcé that doc» work on ihc 

1 object b me ?fitine Ibrcc* %o . - IX 

hvwvn 



ri£(ire7-67 

t/ ( -í/ t <x J > = ^cr«f* T >íx | *-^<600K mHL00 ml'»¿(lS()N m n! .l-t m) t -36.QJ 
C/j ■ U{x 3 ) m ±ttx + - ■ : i ■ = -.Míii K mMO 500 na>' * -t 1 s.O \ r.v' i.(í.>ím> m )' - 125 J 
Thu* 36 + DJ -^-ii«'/^S^5 J 




O.9fl0 kg 

EVAUrATE: The ctaUc potemial cncrg>' MítoI in ihc spms ikt™ «id thc kmelic enetv> + of Ihc obkct 
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Io*a \m : Apply Eq.fí'.W). 1»;^ »s (he wotk done by F. 

SiifIF: = AK » At r * The dmance the xrrág irretchcxix aO . y 2 -y t ~a%mO. 

ExtXVftz The forcé mercase* boih ihe graviiationul potential energy of ibe bkick and ti 
spnng. If the block ix ram'cJ ¡tlowly. the kineüc energy can be rakcn ax conxiani*. so Ibe ivprk done by the forcé is 
the ¿ncrcaxc ¡n poicntial energy. Ai - ntgasin&+ ¿£(ú0) ■ 

EVALUATE: The forcé i* kept langent to ihe surfacc no the block mil *tav in contad wiih the xurfacc* 
7.69, Idcvivy: Apply 1^(7.14) lo the motion of Ibe block 

SETtVi Leí y-Oal the floor Let poinl 1 be Ibe ¡mlial poxitionof ibe Uock ^aimt li^ cimpreved ireing and 
leí point 2 be juxt before Ihc block strikex the floor 

to ara wnh t\ - a jc. -H * at> -oí • ¿«n¿ - t*< : + *w* Soi™* ror * . 



, -- A* U* - J <l9mNmKOO ' 5 ^^ < 9.SO nt v H ,.20n,, . 7.01 .* . 
w \ (OJSOkgl 

EVALUATE: The poleniial energy slored tn the spnng and ibe inilial graviiuiional potcnlial energy all go inio Ibe 
lina) kinctic energy of the block. 
7.76. iDf-vnti: Apply \\\ ("Mi f ' is the lolal cbxi»? potential eneruy of Ihc lwo £pringx< 

StF ip: Cali the tsvo poinl?. ¡n Ibe motion svhcrc Ecjl?, 14} Uapptied^ and B lo aroíd conluxion i*ilb ¿pring* I 
and 2. that have forcé comtanlx £* L and £, . At any poinl in the motum Ibe dulancc one ipring is slrclched cqualx 
thcdixiancc Ibe other spríng n compresxcd* Leí tí be to the rigbt. Leí point A be the iniual pcuiiionof the block* 
tvhcre il t% rcleaxcd from reg* so x tt - *0. 150 m and x ;g - -O* 150 m . 

Ex*:c i :m (a) YVith nofriction* «0. K 4 -Oand V t - A', + V Á ♦ The máximum xpecd ixwhen - Oand 
thw km = =0.^enboth*r»nngx are al incir natural length. |4p¿+4Jp¡,-4ait£< 

¿-^MiKI50m> 1 J Biv J - í (*±^ai5OBi)- f 2500 Wfw * 2O0O ÜEtQ JSO mi ^ S,SI . 

\ m TJ 3.00 kg 

0M Al máximum compreuion of «pring I. «príng 2 has ¡ta máximum extensión and i, «0. Therefore, al thú point 

V A m V M y. The di^iance *pring I j^comprewd equab the dttfancc xpring 2 rt «Irclcbed. and vice vena: 

x^m-x^mé x^m'x^.thm U,mV t vm 

máximum compre»ion oftpnng I i« I5.0cm + 

Kx Al t \rt; Whcn Itícikw is nol prcicnt mechamcal encr^y is citnxcrved and ¡x ctmúnually imnxfomied beiwccti 
kinelic energ> h of Ibe block and potcntial cncruy in ihc «pringx. If friction » presen*, ilx mrk rcmo\ ei mechanieal 
energy frtmi ihe samcui 

7.71. iDEvnfv: Apply conxer\'alH>n nf energy lo reíale .v and A* Apply - W lo reíale a and i. 

S 1 i IV: [ \w fm h l-.--„1l:lmi: Ü\h :iiíu.ii„hi b^i'h: .iKth; Ú.k r^.-^m p.t:it M r f- c\prc?«eii ' ■ ¿J I HqA . 

The magnitudcof the accekration « larve%t whcn the spnng is comprexied loa dutance.T; al Ihix poinl the ncl 
upward forcé is kt-mg ■ ma , xo the iccond condilnn ii expeexied ai x -im.kMg +a) . 

KmXite; (a) Subsiiiutinfi the second expretxion inio the Itrxi givei 



r J 2gh 

Ivk 



[b) Sxihsmutmu th» into the cxptwMon lor z vises 



\ \ m\ \\\ When 0 -> 0 » our rcmlu become 4 ■ and x - 2h . The Viitial qiríng forec kx - and the 

ncl upward forcé approachc* teto* Bul ■ m ffi anü ^ulTicienl notenlial energy is itored in ibe ipring to move 
the maxitoheightn. 

7.72. Ipt-Miti: At equilibrium the upward xpring lbrceet|uaU the weight mg oí the ohjcvt. Apnly c<tnxer>atÍon of 
energy 10 the moción of ibe fixh* 

Si:f lt: The dislance that Ibe mau dewendx equak ihc dUlance Ibe ipring b xtreicbed. A, - K . - í* + so 
t/^graviiabonall r.(tpnng> 

EXECUTE: Following Ihe hinL ibe te conitantf ix found from mg - kd ,ox A -m? i/ ( When ibe fish falU 
Irom rexL itx gradual ional pttteniial energy decrcaicx hy mgvi thrt becomet the potenual energy of the xpcing, 

whtch 11 -A*, - -(«ií if'i Equaling inexe, i— — ► ■ n.- 1 . or .v = 2d. 

2 d 
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EYaja aIT: Ai n* lowcst poíni ihc li*h is nol m c^uiUKmm The upwjrd spring (orce at ibis poínl is A» ■ 2t</ , 

and th» is cqual lo iwiee thc weighL At this point thc nct forcé is mg+ upivanL and (he físh ha* an upivatd 
accckration equal to#. 

Ideviih: Appty Iiq <7,l5) lo thc rnotion of rhc btock. 
Si:f LP: Thc rnotion ítom ^ lo is described in Figure 7*73, 




rtgurt 7,73 

Thc normal forcéis n - mg eos 0« u> f t ;a k u m%co¿0 
. , - i>. v # >(WOmbio30.(F*300m 

EXfXtTE; Work done by gravity.. by ihc *pring forcé* and by frktion.so ^"d t ,w 

^ a ^**^« a0 * m OV = 0 50 lcgX9.80 m* , KJ«ni> = 44JJ 

H^. - ^SOHLSO kg)l9*» n*V Hcos3Ü.0*)i;6aTÜ mi - -38. 19 J 
Thui ^^-3^19 J-36.75 J*44 10 J 

= 38 I9J* 36,75 J* 44,10 J=l 19 J 
EVALUATE: V A musí always be poalivc. Part of thc cncrgy inilialty siorcd in thc spring uas takcn away hy 
Iriclton work: Ihc resl went partí) inio kinctic cncrgy and partly mío an ¡ncrcosc in gravitational poterrtial crtcrgy. 
7-74- Idemifv: Apply l^j (?.M> lo thc misión of ihc packagc* H'^ - W f . thc work done by thc kinclk fríclion 

Ibrcc* 

SCf tf: / h . ^mi^co*// . with 0 = 53.1* , Lcl í. - 4.00 m . ihc di ojo ce thc packige mmíi before 

rcaching thc Npnnu and lcl J be thc mu imunt compre**»™ of ibc tprm£. Lct pomi I be Ihc initial position of ihc 
pac ka ge. point 2 be Jusl as it conlacu thc spcing, poini 3 he al Ibc máximum compresión of Ihc «firme, and point 4 
be Ihc final position oí thc pactage añeril rcbounds> 

I \n i m : (■) A 1 I/jbO, W t9m = -fiL-'^LcvíO t l\-mgL**n0. K i -±m\'\v*bcK vUihesnccd 
before thc block hits thc spring Ecj-R14j applied to point* I ¡md2, wih r d.^ U¡ - A". . Sol vine 

Ebrr, 

v ■ j2g¿<s¡níí-^coitf> - j2<9 t K0 m s'K4.OOm««n5Xr-(O.20Kcfl53.r> - 7 JO nvw 

1b) AppIyEq l' l4)to ponto I and 3 Ld r,=0. Jt^X^vQ. / ■■ m ? (/. ■ J*sin&. U^^kd* . 

W^--f¿L+d). Eq^7 J4>gíra mg(¿ » Jhinf*^MXco»^¿ yjb/' , ThW can be «rfHn a* 



-d-L = 0. Thc facior multiplying d i* 4.50J m 1 . and use oí thc quKtmtK í^mnil^ 



2-fflíj¡(sinff-/j t cosfl| 
give* d - 1 1 06 m . 

le) Thccasy thing lo do hete i* to recogni^c thai thc prcicncc of thc spting dclctmincs J. bul ¿i thc end of Ihc 
molion Ihc «priiig has no potcntial cncrgy. and thc dislance helo» thc sUrtine point i* dclcmúncd solcly by how 
much cncrgy has becn losl to Iríciton. lf thc block cndi up a dislance rbclow thc slartíng poinL Ihen thc block has 
moved AdtiUncc L -» d down thc incline and L-*d - v un thc incline. Thc magnitudc of thc rriebon forcé i* thc 

«ame in boih dircctions* fi K mg«j^O , and so thc work done by fmtion is -f¡ A {2L + 2d-y)mg costf . This must be 

fqual lo Ibc chance in gravitauonal polcniial cncrgy. wbich is -mgy mu" . Equating ihcic and solving for i gixes 

■. i/. ■ .'i — 2 ^ c&i0 — -ti.^J) — líi — . liMncihe valué ofi/found in part ihi and thc eiven valúes for a 
siníí-^cosíJ unfí*^ 

ind O give» v - 1.32 m . 
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EVAUUTE: OurexprctMun fue r erve* thc rcanonablc resulte that y = 0 whci) /f 4 - 0 ; in thc ahftcticc o! Triciion 
iltc packjgc rcturni tu ii*t tfarüng point. 
7,75. (a) Inotiirv andSETur: Apph ^+1^+1**,^ -A\ + t/ 4 ta thc moiion ftom ¿ lo fi 

EJOICUTE: JCj-Qp JCj-^Mij 

l/, -0, fJ, -í^i «í*^. wb« =0.25 m 

■ ■ Fx * 

Thu* Fx t -yüivl fÍA(j t (Thc workdonc by Fuoes partly lo Ihc polcnltal cncrgy of Ihc ¿trcichcd *prini! and 
panly lo thc kincitc cncrgy of ihcbfockj 

Fa\=|20.0NH0,25mi = 5,0J and í-tó --U40.0 N.'ro)f025 mi 1 = I .25 J 



_ /20.75J1 



Thui 50 J -¿uní 1-1,25 J and v.- p 1 

J 1X500 

(b)IDEXfiFY: Appty Eo><7.l5)lo thc rnotion of Ihc block. Lct poinl Cbc where ihc Wock ¡s elcuert ta thc wat] 
Whcfi thc block i* al potnt C thc *nnag i* comprci*cd an amount |v. | ¿olheblockb O.óOm-l*, | ftom thc wail* 

uhI thc diMancc bciw cen B and Ci% x k f \x, | 

SU ir: Thc rnotion from i I» a to C b dcwnbcd in Figure 7.75. 

EXECITC: =o 









L 


* 





^s^aSJ) J-IJ5 J = 3.75 J 
< rroro pan (a)) 

¿í ( - 0 (¡nsiantaneouily at rcit al 
pnnt clcucii to wall) 



ni-n 7-75 

Truu 3.75 Ji-L25J = -Ukl* 



r ' 1 VJOONm 



Thc diMancc of thc block from thc mili* 0-60 m -0.50 m - 0,10 m 

EvaUiaTE: Thcwork (20.0 NX0.25 m) = 5.0 J tañe by Fpurs 5.0 J of nwcbonical energy ñilo thc *>Mcm No 

mechameal cnergy u uken away by friclioa so thc toul enetgy al porou a and C u 5.0 J. 
7.76. 1 iti \ i it \ : Apply Eq>(7.M) lo thc rnotion of thc Mitocni 

Sur IP: Leí a;. =0.18 m* .r A =0.71 m . Thc ipring cumtanu (anuraed idcnitcalt are then known m icnmof thc 

unknown wcight w t 4kx 4 = h*. Ld y = 0 al thc inrtial poülion of thc ¿ludent. 

KmXite: (a) Thc %pccd of thc brother at a giren hcight h above Ihc poinl of máximum com¡HC«ion h then 
feral froro 1(44)^ ^i'- 

v*^(MniV)aa7l mVfityWm)- 2(0.90 m» =3J3 . or 3.1rn* totwo figure* 

2At J aí 

(b)Sctlnig v-0 and solving foc k. tt- — - = — ¡— = 1.40 m.or 1.4 rn totwo figuren. 



leí No, thcdinancc x nillbediffcrcnuandlhcrafio 



^ (*;+0.S3 mr _ í. 0.53 m 



*vil] 



Note thai on a planci with lowerg* - v l w*ll be Mnalkf andA will be largcr. 

EvaUTaTE: WcarcaMc loiolvc Ihc problcm withoui knowtng etlber ibcnuuof thcMudent or thc forec 
ronítlmvt of Ibc iprinc. 
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7-77- IMIIWMI a t =d ! ^dí\a t «afV* 1 . = nw, . f ( - «a, . 6' = J*>rx*Jí dr. 

StflT: — ¿malí + ¡L{%inQrt)~ftt cq**>j. fccaou di \m<ot , frbiaü A MM / . 

1 \m i ii : i j) <j ( erfVir s-a^j*. ^ sutil, ~ wwf r tf, ^d l y<dt' = -a¿v. F t =ma, = -au^\ 

ii V\ ticr Y-»,» and ^v-O.v, =0 «id t; = ,iyn,. 

■ 1 1 Whcn x=0 and y « v t — -x 0 ixi t and V f - 0. 

* -i«óu¿. u = ^*«6¿ «d ^ - * +ü - * JÍ> 

EVAJOUTE: The tttlal cnctgy n thc %arac al thc twopoinu in part (c); the tola) cncrgv ofihc *yitcra ¡icfltttiani 
7-T& lotMiM: Calcúlale thc ¡ncfca*c in kinclic cncrgy Ibr Ihc car 

Srr tf: Thc car grf* <0 + 15)H-** 10* l)gf HIBJ frwn onc gaJlonof paolinc. 

ExutirrE: (a> Thc mecnaaieal cncrgY moMcof Ihccar is A'. - A'. - -(I5J«) LgM^T mu" - í *~C7 ' 10 i Lct 
<t be thc numlxr of £4tlon%0f gaiolinc cumuraed* a\\ JalO* JKOJS)- 1,027 x1o 1 J and a = 0J>53gaUotH . 
U» i L.00 gallón*); <* - 19 acttkration* 

EvaUiaTE: Thc time over which ibe ¡ncrcasc in ve4ocity oceur* docm'i enler ¡nti> the calculalioiv 
7.79. IDEVTIFY: V ■ mgh « Use A = 150 ra fec ¿II thc walcrthat paste* through thedam 

Sitip: itt - /rf' and P - ¡i Ihc volume oí water in a hcighi Afc of water in Ihc lake, 

EXEClTTEi (u) Sltired cocigy ■ mgft ■ (^P)gn ■ pA{\ m)gk * 

tforcdencigy-OOOO k&nVK3 0*ir/ rji J HlmX9JC nv*'H150mU4.4*l0' í L 

<b) W; ofthe ilflred encrgy i> convctled lo clcctrical ct>crgj\ w» (0 90K«ffn) - IÜO0 kWh . 

,0.90,^,1000^. V ' »«°0^hK|3600 t|/tl b» 

(0,90X1000 kg m'tflSO raX9.S mflf ) 

Changeralevcloflhclake: = . Aft = — = 2 * 7 * 10> "\ =9.0*10^ m, 

J 3.0*10* ra' 

EVAUUTE: AÁr n much lesu than 150 ni. M>u*ing A - 150 ra fpraJl ihe walerthat |wucdihrough thedara wasa 
very ^md oppruximalion. 

180, Ideyiif* and Sur tP: Thc t^cnlialet»ergyofahcei/<rataMa>vrof mickncíQi/i%arca^. and hcight> b 
dU = (dm)¡ty. Lct bethedenn^ofualer, 
I \n i n : dm - <rT - n> dV - rfl*^ 
Thc tutal ptttenlial encrgy 6* » 

i - " :■' nV and A -150 ra so V = J JkIO*' 1=9,2*10* kWh 
EVAUrATE: Thc voltirae ¡s JA and ihc raai* of «utcrüt fV - pAh. Thc avetagedepth i* - h'Z *" 

W dU dV 
liHMih: Apply ^ and F, . 

dx *!y 

ir r-tx* + S+W dtUr} -- * m ' r> — y tmd^ r> -- 1 

.p. -r-^ . „»«,_- 



(SW - Gm.m.y 
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i o F i f 1 and F are ncgaiive* F - cr* , F t ■ and F t —a: • xvhere « i* » comunk w / and thc vecior / from 

iw t lo ™ ¿re ¡o thc *arnc direcboo* Thcrcforc F \% directed towunJ jfi al thc origin and F i.s altraclivc. 
EVaUiafX: \M»cn m. movci lo largcr r, thc work done on il hy ihc atiractivc Kntviiy forcé n negatíve. Sino? 
W - -*it r . negAiive work done by gravlty mean* (he gravita* tonal poientul cncrgy incrcaicv 

t/(r) ■ - ' * doc* mercan: (bicorne* les* ncgaJ¡ve)*4rincrcA3c*- Pora» objecl ncar thc *urface ofthccArth- 

r 

í if i - - *1IL be ihowrj in Chapicr 12 to be equivalen! to 6* - . 

7JI2. lo*~viuv Calcúlale thc wi*k l+'donc by Ihis forcé. If ihe forec u consérvame* thc work i* path independen! 
Sefvp: H -j^F di . 

I Ami n: (■> H 1 1 / J\ - i j . Jv frdoexn*ldcpcodon^ioit is Ihe same for all path* bcrwcen /* «id 
/J . Thc forcé i* eonscrvaliw 

(b) H 'm fAs cj^ r'rfi É H'wiH be diifcrcnt íor nalht bclwccn pin: ■ ■ .' .n .. P : for which r ha* dificrcni 

valuev Forcxamplc. ifyhaalhccoratanl valúe j\ along ihc path. ihcn If -Cy a <X; . tf'dcpcnd* on Ibe valué 
of \\. . The forcé b ool conservative- 

EvaUiaTE: f* • O*'/ Ibe potcntial cncrgy funclion r i r ■ 1^ . Wc cannol find a potcnual encrey 

runction for F m Cy i . 

F = -an¿l B-150M» 1 

locvnFY: /' i* not comunl iouse E=q.(1> + I4t tocakuUte 1^ musí be cvalualed along Ihe path. 
<*) St. i it: Tbc path i* sketched in Figure T.83a. 



:4- 



F dí dy 

= f ío ~~av l dy 



Fiiure7.«u 

Ib) Ski lp: Thc naih u %kciched in Fumre 7 + S3b. 




nimre 7.83b 

For thc diiplaccmenl from poinl 1 to poini 2, dt -dii, n> F*dt - 0 and II' - 0. i Thc (bree is perpendicular 
ihe displxemerrt at cach piHni alone thc paih, «» ir - 0,) 
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7.84. 



For Ihc d¡*placcmcnl (rom poíni 2 to potril X dt ■ dyj\ ta F di - -axy* dy. On thu path, z ■ 3.00 nv so 

f di - -<2 + 5G X.oi*KJ.OO nOy* rfy -^50 NW)/ <ry. 

PP«-<X50N > ÍD : )(^)<y00 m)' --67,5 J 

fe) E Valí Al E: For thesc mu paita hciurcn ihc sime *ian¡ng and ending poinu the i*ork h difieren!, mi the 



iDtvnrv: Use W - j^F to calcúlate ifr'íbr caen seument ofthe para + 

Sffip: f J/ -F t dx-axydx 

EXECUTE: (a) The path is skelebed in Figure 7.84. 

lbj.;li. *-0 atong ihi* leg. *o F -0 juid H' = 0. (2): Along thu kg. y-l50ro.*o /" ifl * (3-00 N/mJnít. 
inJ H'-íL 50N/mH(L¿0m)'-0)-3J8 J (3> f oí -0 , so W = 0 i4) > = 0. %o / ~ 0 má H' m 0 t The work 
done in mt>\ ing around Ihc cloicd palh ts 338 J. 

(c) The work done in moving ¿round a elosed path ¡s not mhx and ihc forcé i* not conscrvative* 
E\ ajxafe: Thcrc is no polential ern-rcy tunction for this forcé. 



4 

Figure ?JM 

7JCS. iDEVTirV: Eq |7 16) lo reble /' and [/(*). The cquilftirium is stabie wbere C'U) k a local mínimum and 
ihe equilihrium ¡s imitable where V\x) \% a local máximum. 

Síi L'P: The máximum and mínimum valúes oí y are those l«r whteh í < ¥ I - £ A" - E-U , so the máximum 
speed (s where U i* a mínimum 

Kxi;ci ff; (a| Porche given proponed potcntial f/Cr), =-b>F. so this is a possiblc putentta) luitetion 

dx 

For this polenta). L f (0| ——F z ¡2k , not vero. Setung ihc rcroof polential is equivalen! lo aikling a constant to the 
potential; any additive constan! will not chance the demahve. and wil) correspond to the san*: lotee, 

(b) Ai cquiubnum* the forcé i* /ero: tolvtng -kx + F - 0 fbrtgives x+ = Ftk . V(x^}~ -F ik , and thtt isa 

mínimum of £/♦ and henee a tfafc4c poínL 

(c) The giaph i* %íycx\ in Figure 7.85 ♦ 

(d) No: F IM - 0 at ooly ooe point, and (hit » a tuble potnt* 

{t} The extreme valúes of reorresoond lo arn> velocíty, henee /ero kmeitc cnergy.xo f i v. ) - £ , >nere x % are 
iheexiremc poinuof the moiion Ralherthan woh* a quadratic. note irai íííj-F/A) 1 -F 1 A . to í .; i * /. 

(0 The máximum kinctic encrgy oceurs wheit U(x) b a mínimum, the noint t, - /*A fitund in part th|. At ibis 
potnt /: = £-ü=(F , ;i)-(-f J /á>)*2r I /A.K) v = 2Ffsfm¡. 
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EVAJ4 m : As E incrca*ct* thc magnitudct of r. and x 
wlúch Si <U{x) beeausc A'cannoibc nccaiivc* 



Thc parí idc cannoi rcach valúes of z for 




L- 1 aí ix a local 
611 



-10 2 

figure 7J15 

7.H6. lo*\im: UscEq,(7J6>tordnte F and í «i» . Thc cquil&rium b atable 
ihc cquilibrium i* imitable where U(x) \% a local máximum. 
SEI IT: db'dx i% ihc liope of thc granh of t* venui x. K-E-U t *aKu 
Thc máximum i w where E -U . 

ExKC'rr E¿ (a) Thc ilopc of thc f ' r* a curve bnegative at ootnM. %o /* b poulive (Eq. < 

(b) Thc *lopc of Ihc cune al punt B bpoxitive, k» thc forcé i* negative* 

(c) Thc kincitc cneruy c% a máximum whcu thc potcniial cttcrgy i* a mínimum, and that figure* (o be at around0>75 m> 

(d) Thc curve at poini C look* pretty chwe to Hat. *t> thc Ibrcc b /ero. 

(c)Thcobjcci had /ero kóietic cncrgy at poim .4* and m order to reacha point wilh mece potcniial cncrgy ihan 
U(A\ , thc kínctic cncrgy woukl need to be negative. Kinctic cncrgy i* never negativa so thc object can never be al 

any point where ibe polential cncrgv h larger than V(A) . On thc graph. mal look* lo be at about 22 m + 

40 Thc point of minimum potentiaJ (found in pací le)) b a Mabk point. a» b thc relaté c mínimum ncar 1.9 nv 
(H) TTic only poieniial máximum* and henee ihc unly point of unitablc cquilibriunv b al point C 
EVALUATE: jf£blcv than t'at poini C Ibe particlc b irappcd in one or ihc otherof ihc polential "welb" and 
cannot mine fnxti one allowcd región of.r lo thc iMhet. 
7J7, Idcttifv: JC- E -U determine* \ix) . 

Skf L 1 ?: r ba nuximum when V i* a mínimum and v b a mínimum when U i* a 

cxiteme valué* of x are where E-Vii). 

Euctn; (a) Eliminatinu fí in favor of a and rjd-ovx,). 



mum. F ^-¿/í. 'rfr. Thc 



[I - n = 0« U(x\ i* ptwitive tbr t<x f and negative for t > av < a and & mutt be taken 



pmitiv?} Thc craph of V{x\ i* ¿kclchcd in l'iuurc 7.S7a. 



{b) \txf b J——tf =^-^^-J||— J— ^— | | . The protón movex in Ibe |vntn c .Y*dircclioru speedinti. up until it 

reachet a máximum qiced (&cc part (c)K aitd then xlow*down* allhixtgh it never *tops. The minu* nun in thc 
tquarc root in thc exprenion Ibr Hx) indicatcs thal ihc particlc wíll be found ooly in Ihc regxm where V <. 0 1 that 

it, í - \ . Thc graph of ww b *i;cichcd in Figure 7 t S7b. 

[el The máximum speed correspondí to thc máximum kinetíc encrgy. and henee ine 



Tras 



ttluch ha* thc Mihinun x - 2x >+ L'IIt.,} 



-21 + ü 



■o \ - 



(d)The máximum «pecdoccur% al a point where ¿^¿--0,and from tq. (7.15), thc forcé at thii point i* ¿ero. 



2a 



.(—iüixí-Uix))* íi 

W V ni 



-2^ 
9 2 



■';::íHfi-v 



The panicle u confined ti>ihc región where V{x) <V(x t ) *lhc nuximum *peedM¡tl oceur* ai í- 2i m . but naw 
ihc parikle will endítate betwccn x t and somc mímimim valúe (*cc par! (0). 
(f) Note Ihal l/(*)-í/ f (t ) can be «ruten ax 



wh*ch u zero i and herxe the kineuc energy h /en» * t = Jt, ■ J¡ and i-ií,, Tliu*. whcn ibe partirte i* 
rckatcd from x¿, il gocx on to infaity* and doexn't reach any máximum dttfancc* Whcn rcleaxed from x¡, it 
nicilbtci htl'necn 4**i 3x¿- 

KvaI-I afe: lo each ca»? the protón i* rclcaxcd from rcxi and £ - V{x t } , where y. » Ihe poini whert il ii 
rclcatcd Whcn x t - 1\ the total encrgy w mo When v - t ¿ the loiaJ cncrgy » ncuative. (/(v) -* 0 as * -* x , 
Ibr ihix ca*e the protón cant reuch x — > * and the máximum x il can (uve ix limrted. 

£1 
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JitiMin .ii .M i t ¡; p-mv. JC-^jm* 1 . 

|;\i:cití: (u) p-ilO É O0OkyK12.Ocni)-lJOxLO'k|s m<s 



f— —v, - 



w, _ _ 1 1 0,000 kg 
2000 kg 

EVAJi afk: Thc SU V mu&i bavc ks* ipced lo havc ibc ame kinetic cncriry ai thc truck iban to twc thc mjhc 
monxnium as thc trucL 

B.l iDfAiin: ExamplcSJ «hcw* thal thc two iceboata bave Ihe sunc kinctic cncrgy ai (he Jumhünc. K ■ í-mv ? . 
SKF I t p: Lct*Jbe the ¡ceboai with irou j» and let B be thckcboit wih mas* ¿ni k so w„ - 2™ ( . 



Exjxlfe; K, - K t give* ^m; --puiv^ . ■ ■ v*2 



EvaU'aFE: Thc mece mawjvc bnal mwl have lc*s «peed but grealcr momcnium iban thc othcrbwt in cfdcr lo 
have thc same kmcik cnergY* 
BJ, lotvnFV and 5*:f L'p: p-mv* Km 'mv* . 



KxcctTF.: Mv-£ and ^-^flijü-) ■ 

m ' 2iw 



; lo AT. - ff h wd thc mili fn>m pon <a> pvw -2L-.ÍL. A - * Jrl^^ R - l-*>ft - ™* 

2« 1^, ijm, iJOJWOkg 

ha* the grcaicr magnitud? of momemum p^í p h -0.526 . 

(c) p*-2mK mpLmm* uivc* 2w m A* mTmJL- w=*g.%o wLtL*wJC K . 



Thc woman ha* greater kinetic cncruy. K^fK^ ■ 0,64 1 . 

EVaIX'aFE: : ' ■■: cqual kinctic cnagy\ ibc more massivc objecl has the grcaicr momentum. Fot equal 
the lc*s masrívc objcel has thc greater kmetic cncrgy. 
B.4. IDEVTIFY: fach momentum componen! is thc mass times the corrcspondinii vcloeiiy componen!* 

Si i l i': Lct '.y be aleñe the hon/*mtal moiionof thc shotpuL Lcl ' r be vertical ly upwurd r. - vcosf , 

v t - v%tn& . 

ExtXVTtz Thc horizontal componeni of thc ínitial momentum b 

Thc vernal tpmpmmá oí ihc MU momentum i* p t -mv -«rniníí-l7J0kgHl5.Om*hin40 + O í '-70.4kg + mi 
Evajj aTe: Hic mitul momentum üdirccicd ai 40.0' above thc boránnul 



M Chapter* 



B.Su lot-Mit^: t or cacti objcct* p^mv and A ■ i*** * The ti*al momenium (* (he vector *um 
caen objecl The loial Linche cncrgy i* the scalar *um of ihc kmciic cncrgic* of caen objccL 

Su l>: Lct objecl A be ihc MO kg lincman and object 0 the 125 kg lincman Leí *,v be the objecl to the rigbi* ™> 
r A * +2.75 m* ndv^ -160 nV» . 

I \m mi : (■> ^««A t^r #i -(ll0k ; ■ . 2*75 m . _ l . . " , i 22-5 kg ms The nei 

moincniumha* magnitudc 22.5 kg m* md i* dxrtcicd to the lefl 

(b) AT = Í* ( v¡t^Vi - y|l 10 4*2*75 ra'*)* +-J(I25 kgK2 60 mV*>' -83S J 

EvAi-i AFE.: The kinctic cncrgy of an objecl ¡na scalar and i* never negatíve. H dependí only on (he nuetutude of 
(he velocitY of ihc object* nol on ils dircciton. Ibe momentum of an objeet is a vector and ha* both magnitudc and 
dirección* Whcn hw objecl* are in iixjikhv ihcir total kinctic cncrgy is greater (han the kinctic cncrgy of aihcr onc. 
Hii* if ihcy are moving in oppositc dircctious* the net momentum of Ihc wstctn ha* a smallcr magnitudc (han ihe 



1*6. iDEvnn: For caen objecl p~mv and ihe nei momcniumof the sysiem n P- p t *■ p¿ * Tl»c momemum 

vcclors are acklcd by adding componente. Ibe magnjiudc and ditceimn «filie nei momcnium i* calculaicd from it* 
vand r componente 

Si i l/p; Leí objecl A be Ibe pickup and object B be the safan v^c-IWm*» *V»0. "0, r A -+23.0 mi. 
I mi y n (■) / - «ir., ( =<25»kgh* -14*0 m ») -0- -3 50x10* kg m* 

P,*p 4l + P+ *m A Y++awk - ^' - : - kgms 

>| 3*50*10* kg*nVa 



|b> P*féTf? =4.9\*\(f kg'm^. From Figure 8*6, lanfl-j^U ^™ 



. and a -45.4"* The nei 

nV« 

ha* magnitudc 4*91x10* kg*m<* and is direcled al 45.4" wcsl of norlh* 

EVALUATE: The momento ofthe two objeets musí be acklcd as vector* The momentum ofone objecl i* wc*t and 
(heoiher i» nonh* lite momenu ofthe ttto object* are ncarly equol in nuenttude. so (he nei nximenlum i* direcled 
ípproximately midn ay bchvcen *c*l 4nd nnrih. 



Fifivrr RA 

B.7. iDf a'tifv: The avemge forcé on an objecl and the objccr& change in momentum are rebted by l:q. S 9* The 
xvcighi of the bal) i* iv - mg . 

Si:f Lip: Lct *xbc in ihe direction of Ihe tlnal «loe¡r> h of ihe balL so v ;i -0 and v ít -25.0 m*, 

n'=(0.Q450kg>I^ S0 m t : i -0*441 N . The torce cxenedbythe club Ls much ereaier than ihe weieht of (he hall* 

so the ellect ofthe weight ofthe bal! during the time ofeontael ts not *ienÍfíeanL 
EvaUtaTE: F orces exerted ckiring eollision* t>pically are very large bul acl for a short time* 
8*8. lot-vim; The chance in momentum (he impulse and iheaverage forceare relaled by Eq* í*9* 

Si:f fp; Let the direction in wh*ch the baitcd ball is imveling be Ibe ta diroelion* so t\ 4 ■ -45*0 m/s and 

EOKim M ^-p^-p^a^r J( -v^) = (0*145kgH55*0m*-[-45*0ms|i-U*5kg *m^. 7 -A^ íW 
*/ - 14,5 ke m s * Both the change in momentum and Ihc impulse nave magmludc 14*5 kg + m s , 

T ' * ¿ü TooxlFT 

EVALUATE: The forcé i* in ihe diieetion of ihc momentum change. 
I*.9. Ideatify: Use £q* S*9. \Vc know the inlial momeniumand (he ¡mol ti se socan soive for (he final momentum and 
tltcn Ihc final vclocilv* 



Momentum. Imputa, and Colhuoni H*J 



Si r Up: Takc ttx- v jms lo be loward the rehuso v tl -?3 00m i U*c Eq. KS lo calcúlale (he imputa, unce 
thc Ibrcc is corntAnl- 

J ■ / * r - f ( ) » | O 5 .1 1 N < O.054P ■)«+ 1 .25 kg ■ mi 
Thc* p u *J M +p u *+l2S1v-ak i * + iQ.lM1tt»+3Mm?*t* *l.73fcg*mb 

w 0.160 kg 

(b) 7 =^(1, -I ( ) = (-I10 NHOJtfO *)- -4.600 kgnvi {negativ* aince forcé u tolefll 

,"..7 mí --O.^iLy m^tO.lMi kgM*3Mitt l í>--OI20kg*mi 



n 0JÓ0 M 

Evai.i afe: In port (a) thc imputa and imtial momentum are in thc same dircction and « h t incrca*cs* )n part fb) (he 

imputa and mibal momentum in oppo&itc dircction* And (he vcloeity dccfca¿ci. 
8 JO. Id*a iiíi: Tbc imputa* cbange in nwnvntum and change in veiocity are rclalcd by Eq. 8.9, 
SvrUr: 26,700 N and F ^0. Thc for« ¡» «wwünt 10 (F^^ . 

bram ui ..' /■ aj <26.toq m*.i 900 . un * uí \ t . 

<b> V.*J,*I.04*10* kg mi. 

' ' « 95.000 kg 

(d)Thc nubil vcloeity of ihe ibuttlcnaVi fcnown TrKrchangemkjncticcoergy i* AA" ■ A', - K t -?wlv> h 

dependí on ibc ¡nilial and ñnat speedi and iml deicrmined sokly by ihc change in ipcciL 
EyaUiaTE: The forcé in thc « r ditcciion produces an mercase of Ibc vektcity in Ihc *i* dircction. 

ft.ll. lDf.vnn: The forcé i* not MHM *o / - J . Tbc imputa U teUtcd to the change in vetocityby Eq. 

Sil Up: Only thc t componer* of ibc forcé ii nomvTo, >o J - j ' V r T * thc only non/ero componen! of J . 

/j -v,J. /,-2J»s, /,*3.50f . 

? (1,25 *»' 

<h> J t ■ *4***> HrfypjO i] 1 - [2.00 jf)-5ÍI»hVN^l. 

<c> Ar -r, -v. ( = — ^ * ~ 2.70 m't. Thc tcoipponentof thc vclocilv of thc rocket incrcaic*by 

m 2150 kg 

2.70 mí 

EVALUATE: Thc change in vcfociiy ü in thc same dúceóon a* thc imputa*, unten in tum » in thc dmclionof Ibcnct 
fotec. In Ibw problcm thc nci íbice cquafc Ibc lotee ¿fipued by me engine, «ince thai ñ ihc only forcé on thc rocket 
K.I2. lof.MU^: Anpty liq K.*> lo iclatc ibc chance m momentum of ihc momentum lo thc cornponcnis cTilic average 
Ibree on ii. 

Sit Up: Lct * x be to ihc hghi and *» hcufward. 

I \m i n : iat J t -Ap^-mv ít -mv ít - «) 145 LgH-^> d m tl^.V» - .«i.O m st - - 4 kc 
J p a^t 4 i«v ;t -w„ -(0.145 kg)Q65.0tn. l <|sin30^-0>-4.7lkg mi 
The horuontal comfioncnt i» 15.4 ky mi . lo ihc left and ihc vertical comnonent ii 471 kg- m 1 »* ufiwaid. 

*" di 1.75x10 * f Af 1.75x10 1 s 

The horiAHital component ix IUC0O N 4 lo ibc left, and Ihc vertical componen* a 2690 N, up^aid 
EVALUaTE: Thc hall ^aim momenium to ihc left and upuard and thc foice componente are in these diicction». 
lDe\nn: Thc forcé U eomiant during the 1.0 tm micrval that it acl», so J~ FM J = p¡ - p t =mtv¿ -v t ) . 

Skf V?z Lct *.y be to Ihc ríghL 10 r ¿i ■ t5.00 tu s . Only Ihc x eomponem of J \* non/ero.and 



JM Chaptrr* 



Ku:ciTf.: (a) The nugnitudc atibe impulse is J = Fto -(2.50* 10' NRKOOxlO 1 «)- 2*50 N -s* Thc direction 
cifihc zmoubc » thc dircciu 



<*»<i) »v ■— +« . 7 = +2.50 N -s. - N * - 5JX)m* - n 25 mi . Thc sionc's vclocily has imwHudc 

i« 2.0Ü kg 

6.25 m * and is ebrected lo ihc rtght. 00 Now / > m-2J0N i and * ; , " ^ QtU ' 1 v " 175 ^ 

slonc's vclocíty ha* magnitudc 3.75 nt * and i* directed to thc nght. 

\u .\n; When thc lotee and infria* vclocíty ice in thc *amc direction thc speed ¡ncxcasci and when ihcy are 
m oppnsitc directions thc speed efecrcases. 
8.14. lOf-N lll^: Apply consctvaiMm of momentum to thc sysiem of ibc aitronaul and tooL 

Skf Up: Lct*4 be Ihc astronaul and tí be (he loo!. Lct *t be ihc direction in tvhkh she throws thc too!. so 
v W( ■ *3,2(J mi ♦ Aisume *hc is inilially al resL so v A< ti^.sO. SoKc Ibr i*.,. . 

4,-4»* ^=*|V*.**V' tu *0* Pt^m A v^*m t v ni MQ nod 

■ " b> ■ kc».-0ms| _ -OJ05 nVs . I Icr speed i* 0. 105 mi jjkI she moves oppositc lo Ibc 

A w ( 68.5 kg * ™ 

direction in whtch she Ihrows thc tool. 

EVALUATE: llcr imu b much Largcr iban that ofthe tool so to nave thc same magniiudc of momcnlum a* thc 
tool her snecd » much 

8.15* IdevIwv: Siocc drag clYcct* úsc ncglcctcd there ¡s nonel cxicmal forecon Ihc syslcm of squid plus expcllcd 
water and thc total momentum of ihc svtfcm ¡sconserved. Sincc Ihc squid is initially al rcsU with ihc walcr in ils 
cavity* thc ¡nilial momcnlum ofthe systcm is *cro> Por each objecL K ■ i«r' . 

SCT l y. Lct A be Ihc sqrad and B be tbc naicr ii cxpcU. so m A ■ 6.50 kg - 1.75 kg ■ 4*75 kg * Lct •» be ibc 
direction m whieh Ihc water is expcllcd. v tÍA ■ -2.50 mi's * SoItc Ibr v Mi% . 

EttCiíTE: r» F tM -0* Pu-K,*> tem^ + ms^. v s - JLL^ , - < 4 - 75 ^K-2*50 mrs| = ^ ^ ^ 

"a IJ5kg 

fli> AT¡ = JC (i *JC W s T n, - v <í *T m a*Íj -tH '5 kgH2 50 res) 3 »7(1*75 kgH6*79 m *i - 55 2 J The initiai kinctic 
cner^y is /ero* so Ibc kiacüc cncrg\' produced b AT ? ■ 55 2 J . 

EvAJ-i \ri; Thc m'oobjecis end up »iih mámenla ihat are cqual m magnitudc and oppositc m directorn* so me 
total nutfneninm of thc systcm remains reto. Thc kioel»: encrgy is crcaicdb)* Ibc \tork ó<kk by thc scjukI as it 
cxpcU thc water 

8*16* lotAim: consenatum of momentum to thc syslcrn of you and thc hall. In pan (al bothobjeeis haw Ihc 

same final ^locily, 

SCTllF: Lct be in thc direction thc ball isitavcling iniiialry* m t - QAQQ kg (ball)* iH rf -70 + 0kg (you|. 

KxücrrE; (a» P it - T ;i gira 10400 kgKlOQ ms>- (0400 kg-r 700 kg)i'* and v ; ^0Ü56HnV* 

<b) IL»^, sivc* l0.4fXlkgKlOOrn. l s>-i0 1 400kgH*KWms>t<70 T Okg)^* and -0 + l03m.s + 

K\ Al t vfk: Whcn thc ball bounect olTit has a greater change in momentum and you acqutrc a greater final sneed 
8*17* Iolmu^; Appty conscrx'aiHm of momentum to thc sysiem ofthe Iwo pucks. 
SEí Up: Lct hx be to thc righL 

toCinmi W PL"t "<y* <0 + 250n 4t -<0 + 250kgH-* J20m*)*í0J50kgM0.650ms) and v„ -0.790 m.s 
<l>) A ■ 7(0-250 kgX0.790 m %Y ■ 0.074CO J * 

Kj a 1(0250 fcgX0*l20 m'%y 1 7 (0*350 kgHO 650 m-'sV ■ 0.0757 J and AAT - JC ? - K t = -0*0023 J * 
EVAUiATE: Thc total momentum ofthe syslcm isconsm'cd hut Ihc loial kinelic encrgy dccrcasci. 
8*IS* lot-viiM; Sincc toad fríclion is ncglectcd. there i* no nei cxicmal forcé on thc *y*tem of Ihc Iwocars and ihc 

total momenium of thc systcm is conserved. Fe* each ob)cct + K -^aiv 1 . 

SETUF: Lct A be ihc 1750 kg car and S be thc 1450 kg car. Leí *x be lo thc right* so v 4( -+l.»mk T 
y Vlt --L10 ros, and v a2t - tfl.250 ms . Soívc for v AU . 



11750 kgHL50 msW(145Q kgM-1.10 nVt)-<1750 kgMO 250 m'si 



\>Am nw 



1450 kg 

Aflcr thc collision thc liuhtcr ear n moving to thc right with a «peed uf (1.409 nvs 



Momcntum* Imputar, and Coltiüom H-5 



W Ar j ST«rXi-* a T M ^¿ s f' 1750 50 «I 1 » kgXI.10 m.*) : - 2S46 J. 

tf, -4*4^ =^(1750 kgH0250 mhf * 4-(l4S0 kgHO.409 nv*> ; -176 J. 

II'. ,..11,, ¡a ktnclic cnergy t* A£ - ATj - JC, = 176 J - 2846 J - -2670 J 

EVALUATE: The tolal momentum of ihc lyilem i* confian! bccauic there n no ncl cMcmal forcé during &k 
colli*¡on* The kinctic cncrgy of thc syKlcrn occrca&CH because of negative vrork done by ihc lorec* ihc car* excrt on 
cach other during thc colli*íon. 
8J9. iim ; Sincc Ibc rifle i* loóse ly held there i* no nct cMciua) forre en thc *ytfcm comi-tling ofthe rifle bullct 

and propcllani groe* and ihc momentum of th» *)>(em n con*crved* Dcforc ihc rífle i* fircd cvcrything in ibc 
*y*icm ü at reit and Ibc initial momcnium of thc *ysicm is itero, 

Skf te: Lct vvbc in thcdifcctionof ibcbulld^ moiion- Tbc bullct ha* *pccd 601 m*-IS5 m^- 599 m/s 
reliuve to thc earth* ^ p . * p r * /' pH * thc momenia of ihc rifle* bul leí and case* v. = -1 s> tn * and 

Vi( «-t599 Rife. 

KXKCirrt: #S.«J¡,-0. /> B +^ + p^-0^--^-p h =^2.80kgX^^^ 

and ^ -+S.I& kg nV*-4J] kgnV* ¿0.87 kg ra 1 *, Thcpropclbnt caw* have momentum O.s? kg nVi, inlbe 
¿ame dircction a* thc bultel » tmvclmc 

EvaJaiaTE: Thc magníhidcof thc mmicntum of ihc iceoihne rifle cquab thc magnitudc of thc momentumof Ihc 
bullct plu* ihat of ibc lmkc* a» both exit thc rtitv/k. 
8.20. [Dt.viMY: In part <a> no hori/oniul torce rmp!>cs P m i* coroiani En part (b> use ihc cncrgy expresión* Eq. 7.14. 

to fínd Ihc potcniial cncrgy intially in Ihc «nring. 
Stí Vv: ImiialU 1 bolh blocki are at rcsL 



-o I 



■m- 



ÉL -A/yNA- EL 



Enara m 

UlocV .-J hat a final speed of r V60 m s. mú nwve^ofTin thc oppo&ilc dircction to B* 
<b)Uwcncruyeomer%*itiun: K, ♦C^+V^ = K t +U im 

Only thc tpnng forcé doe* work %o M-*^ - 0 and 6 f - L r 4 . 

A'. - 0 (ibc MockA initially are al rcxi} 

Uj - 0 (no poiential energ>' ti letl in thc %pring) 

K> - i^í* -Hl » k«U3,60 1»'»)* ♦ t(3OT kg»l-20 m>'%)' * 8.64 J 

t/, * í/ 4 ^ thc polcnlúil cncrgy ilorcd in thc compre wd ¿pring. 

CvaJ-I afe: The bloeki have equal and opno«itc momenu a* thcy move apart. «inec Ibc loial momentum n reto 
The kinel»: cnerg}' ofeach block ¡* poiili\ h c and ckicm'i depend on Ibc ditcelion ofthe block't velociry. ju*l on iL% 
magnitudc. 

Ul. lüts tutz Sinec frietion al ibc pond turlacc « ncekcied^ ihcrc \% no ncl exlcrnal hotiAintal Ibrec and ihc 

homontal compenent ofthe momcnium ofthe &v^tcm of hunicr plus bul leí iteonserved Both object* are inilulh 
úX reM. *o thc iniiial momentumof ibc isitcm i* /ero, Gravity and thc normal (orce exerted by thc ice logether 
produce a ncl vertical forcé while thc rifle « ñring^ so thc venial componcnlof monientum » not comerved. 
SKF te: Lct objecl be ihc hunter andobjeci ¿be Ibc bullct. Leí ube thc dircction ofthe horizontal 
ofveloeirvof Ibc bullct. Sol ve for 



M-fi <h4 P irrS 



<b> v„, - ifatttcTv (965 n^)c«560^ 540 m's . v^, -"^^"^ j( w ip's)--OP3I3 n't. 

EVALUATE: The Ría** of (he bulle) »s much lew Ihan thc mas* of ibc Imtitcr, *d ihc final man of ihc hunicr plu* 
gun tu Mili 72. 5 ka, 10 threc significan! figure* Sincc ibc hunicr ha* much Larecr ttia*%, bcr final ipeed » much Id 
(han ihc vpced of Ihc bullct. 
8.22* IDECTIFY: Asiumc (he nucteus is initially at rest. A'-±mv*. 

Up: Let *.y be to Ihc ríghL v**. = — v Á and iw "+Vj * 



EXEtirf e; (al /* =fi-0 give* m>; Jl +íif J v^ -0. v,=| Stlv, 



r 1 r 



<b) ' T * |V ; - Z£¿ r-=—* 

EvaUtaTE: The tighter ftagmcni ha* (he grcaicr kinctic cncray. 
8*23* lot-vnr* : Anpfry conscrvai*on of momentum K> (he nueleu* and ¡is fragments. Tbe ¡nitial momcnlum ¡s /ero. 

The "Po imkIcus has nía»* 214(1.67» 10 * kg>OJ7*IO 3 kg.where 1 67 < 10 kg ¿1 (he man of a núcleo* 
(protón of neutrón K 

Sur Vwz Let '.y be (he direction m which ihe alphu parlóle rt cnuticd. Ibc nuclcus ihal 1* lert after Ihc decay ha» 
man m, =3.75*10 M kg-*., = 3.57*10 * kg-6.65KlO' ít kg-3.50* 10 3 kg. 

ExrxiíTE: fí.-fi ¿0 give* m.\* +«i.v u ±0. v v_. ■ ?— - - JlillÍlÍ^— - 1 ^ * 10 tn^ . 

m t \ m r y¡ 6.05x1o ' kg 

1 1.30* 10'* kgj 

EvaLUaTE: Thc recoil velocilv of Ihc inore massive nuclcu* ¡s much le» Ihan (he ipeedof (he cmitlcd alpha 
partid* 

8*24* lot-MiH and S#;r L'p: Leí ihc * v>dircct¡on be hori/onlaL along ihc direction (he rock i* (hrown. The re i* no nct 
horaontal forcé, so f\ i* consuni Leí objcci A be you and object 8 he thc rock. 
Exic 1 FE; 0 - -nt,^ + nw eos J5.0* 



EVALirATE: /* ih not convín*cd bccauic therc « a nci externa I forcé ¡n (he vertical direcikxi; as you (hrow thc 
rock (he normal Ibrce exened on you hy ine ice b largcr than Ihc loial weight of (he xy%iem + 
8*25* lot-Mui: Fach horiTonlal coniponeni of momentum is conien'ed. K - ±mv~ * 

Sr.r L'p: Let 'A-be the direction of Rebccca's initial vvlociiy and let ihc * r axñ rnake an angle of with 

reipcel 10 ihc direction of bcr final vclociry. v fXt - 1^ » 0. v tu -130 ms ; v Wt = 0 . 

v„ 4 1 > ■ » il m,.-. - 1 . -1 . i> ■. ■-.m;.^ ■ : r lOm's.Soh- :.í v 0Jj and v Dlí * 

m ñ 65.0 kg 

H, m K> P*"* m *t+*Xi W,, - -i ^"" g Ii640msi-^43rnx 



The directionsof f lL . i* t: and V f>J are ikelched in Figure 8.25. lanr? 



■tai 



i^and*. 



Munontum ImpuUc. and Cirihouni * 



(b) A ■ - ■ ■ - J i ü kgMl 3 ♦» m«r - 1 MU 10 1 J 

JC^fm^iij = fl4S + 0 L4HJLQO iB'if * jínS.O tnXT2U m*\* = 3.12*10' j\ 

df¥«A.,-rV,*-*aH>J. 

t\ vi i vil : Fjch cornmncni <if roorncnium j* s^paraiclv cnracrfcd. The tinciic encruv of thc i>^icm mcrcaici 




Figure U5 

UÉl IDEVTIH ; Hiere u nci net cMema] Torce un thc syttcm oí a*tn*naut plu* camticr. w ibc momentum nTlhc 
*y*lcm ii conwnrd. 

Su l 1*1 Lct ubjctl r br Ibc aitnnuul and obrtvl ít be thc tornar AiMiittr ihe aitniiuul i* imlialty .i h r . ■ ARcr 
lite coQUiun *hc musí be mimraj in the sime dacclion n* lite conuricr* Ld *x be ihc diicciion in which lite caniitcr 
n tinvdmu mrtialh t w ^, -0 1 r íl( ¿ *2.4U ra 1 » , »„ p ■ +3,50 m» ( and % , 9l4 ■ : J'+ nv'i . So-he fiar ni 4 . 

r «« " lf ji* 3.50 m'*- 1.20 ra» 

I mí^íi : She; rauit exert a forcé nn thc canuder in the - v dirvciim In redurr iti veltvily componen» m ihe 

-.i.-.', m h NcwuvTfr third law. ibe conulcr e&ert* a Torce un bcr Ihat tt m the 'idircctn*) and üir eouu 
vclocily in that dntvtiun. 

1.2 7. lDCVni\: Tlie hari/mlaJ ctnnpuncni tiftfir momentum el ib: «yucmaTlhc rain and ficighl car contened. 

51* F L 1 !*: Lct * i be the dircctian ihc car t% movinu aiiually. Bcfurv (i load» in Ihe c*t Ihc rain hai na raumenrum akrnp Ihr 

EXÍCLTE: (■) /' «H, irrvi {24,QüQkgH4 + UUmM-l27.00GkaJv it and v í( * 3-56 ra* + 

ih} Aflcr il '.' i m ihe cor the walci rnutl ¿rain bjrúiintal momentum. %v Ihe oí Iihci horuontal ratiracniura 
EvAJ t afl: The vertical mmponent of Ihe momenium U nol tunhmcd. hecau*? of thc vernal esternal Torce 
evened h>' ihr raick- 

UJL Iüo'iu a: Thr t and y cttmponenU nTthc monvniuraoTthe tytfcm nf'ihe ti*u atíeroid^are icparately contened 
Si f Vvz Thr heiore and añer diaurarm are aiven m litítinr fl.2H and the chotee of coordínale* b aidicaied Facb 
aiicnnd hai nuu <w, 

Iaüi n. f«r J;, ¿ r 1 ,. i»"** rra í( -nri' (J cor30.ll 4 * mr J3 cn* , WTtwrt lfffnT^ HHTf^ and 
(LTOrVj ^ 40.D m i - Ulfi^ . 

I^^IL gne» 0-w <J »in30 + 0 J -nii í( ;*ni45.a s and UMl^ - D.7D7v tJ . 

Corahinmü iheie* htn equai>ons givei (l.itiOi^. -400 mi - 0 Sm*v ( . and l ■• '■ ma É Then 

i i *i >i * r¡j <2M *nV»(' * Í20J m»l J 



A 4 i j* HODmii 



- Q.H04 . 



AT ( X, *. 
)V 6*pOÍ the original kineiic cncrgy udUupated durmu thc culliamn. 

EyaLü.iTE: We could uwony directitm% wc with fnr the x and v cnnrdinalt direelinm, hut ihe particular chciiee 
»c luvc made i* cxpectallv aravenient. 



M Chupín- £ 




x 



Ektwr Aiicr 
Figure K JH 

8.29. IdfatIfy: Sincc dng cffccl* are ncgkctcd ihcre U no nci cxtcrmJ torce on thc lysicm of lwo íiih And thc momentuai 
of ibc%y?Jcm A corwrvcd. Ib: mcchanxal cncrgy tx\\ah ihc kinctic cncrgy* which Í> AT - -mi ' loreacbobfcct- 
SKF Ip: Lci objccl J be rae 15.0 kg fon and be thc 4.50 kg fuh. Lcl * xbc thc direction (he Iítot fi*h ih 
moving ¡niiially* %o v lt -I.IOm'ü And v rfi - 0 . Aftcr thc co!i™>n thc iw> objccl» are combined and move wrlb 

velocily i . Salve for i\ - 



im.^ib. ES.Olaj+UOks 



<b) ^ = ^Xi*T^»i s f* l5í0k 8^ l ' l0mha ^- 9fflJ * *i s fl«tj -4fl*.S kgH0846m*j J -6.9K J 

AA' * AT ; - A\ - -2,10 J . 2.10 J of mechanieal cncrgy U dmip&icd- 

EvaLUaTE: Thc toral kinctic cncrgy al*ayi dccrca.'ici In a colusión where Ihc lwo objccl* become combined. 
SJI. lot.vnf\: Thc re ¡s no nct external forec on thc iyMcmoí~thc two oticr* And ib: momenium of ihc *v*icm is 
con*ervcd Thc mccbanical cnergy cquaU thc kinctic cncrgy, wbich ¡s K = yiire" for caeh objccl. 
Si;f Up: Lct*4belhc?,50kgoticr andiíbc thc 5.75kgotler, After ihe colluion their cornbtncd vclocity i* r 3 . 
Lcl -tbctothcngbi,» v Aí =-5OTro>* and i-^.siWnVSolve for v J( . 

_ m É r^ **y^ (7.50 kgM-S.OQ ii^+<5.75H^00m,'*> ^ ^ _ 
11 " m, * «i, 7.50 kg + 5.75 kc 

<M AT.-Vy^t^^.^OkgHSOTin^ *4<"5 kgK6M m^)' » 1972 J . 

^ = If», ,*,)ví =4<13.25 kgXO.226 mv*> : =0J3S J . 

AAÍ =A\-áí ( =-197 J. 197 Jof nwclunical cncrg> + U diniruicd. 

Eyaii aff.: Thc toial kinctic cncrgy ataayi dccrca*ci in a co)h*ion where Ihc rwo objccl* become combined. 
K3L locvnn : Trcat Ibc comel and probé ai an bolaicd lyslcm for wbich momenium u corwcrved. 

SEF UP: In parí <al lcl objccl be thc probé and objccl B be Ibc comel, Lct -x be Ihc direction thc probé ii 
travchng juit bclbrc ibc collmon, Aftcr ihc collUion thc combined objccl rnovci wiih «peed \\ . Thc change tn 
vclocíiy ti Av- v Í4 -v tu _ En pan <a} thc imnacl «peed of 37.000 km h ii thc ¿pecdof thc probc rclalive to thc 
contct jurt bclbrc impact: v Mt — v^, =-37,000 kmh . En parí <b) lct object A be Ihc comel and objccl B be Ibc 
carth. Lcl -r be thc direction Ihc comel i* Iravclingjist befbre thc colisión. Thc impact «peed \% 41X000 kmh 4 io 
- v m * -40.000 kmli , 

EXUCUFE: (é) P u - P J( - v u = . 

^ + «* 

Ar=[ 372 kg — ; H-37,000 krahi = -L4)-10* km.h. 

U^kg^0J0i-l0"kgJ 

The ¿pecdof thc coioct dccrea*ed K h L4*10* kmh ♦ Thw cbanuc t* not noliccabk. 



Momentum. Im|*ikc, and Colhuoni H*9 



ft> A " " ( aiOxl "fri 5.97x10- kg )^ 000 ^ = ~" * ' Tl * >PWd *** ^ dy-V 

by 6.7 * ID 4 ktivlt . Tbi*change b ool noticeablc. 

EvaUUTE: v 4U ~v*u ■* vckicity ofthc projctfiktprohc oí corncti relativo lo me üugel (coiixt or carth> 
The expresión lor A* con be deríved direcily by appKing momenlum conscrvalion in coordínale* ín which ihc 
taruct i* itiitially al rcsL 

8.32. lot.vnrv: The forcé* Ibe Iwo- v chic le* exen on cacb other during (he colli&ion are much largcr ihan the 
horizontal Ibrcci exerted by ib: road. and ¡t is a good ar^roximanon lo aírame momenlum comm üim 
Skf Up: Let ta be ea»lward* Altor the collinon iwo vchiclcs move with a comrnon vcloctly v¡ . 
I \n i 1 1 : (■) P u = P ¡t give* m u v Vt + mft = im* + m, ^ . 

r _ *^vw. - 00» kg)(-i5J> mfr)+ (6320 kgK+IO.O m ») _ f M ^ 

í( ■» I05O kg t 6320 kg 

The final ve loo t y ¡* 6.44 m.i. caxlward< 



1050 



would need lo ha*v inilial *pecd 2,50 mi 

(e>part(a>: ¿IT -4(7370 kg)(6.44 m*) J -^<I050 kgWl5,0 m*)* -y(6320 kgMlO.O m's) - -2 S|x 10* J 
pan<b): .\K ■ ■> - - <li>50 kgHI5*0 mr -y<6320 kgH2-50 ms)' - -1.38*10* J . Thcchange in kinetic 
hai ihc greater magnitud? in parí (aX 

Y.\ vi i \ii ; In pan ía> ihe easlward momenlum ofthc rruck ha* a grcaicr magnitud: ihan the ivcsdward 
momentum of the car and the wrcckage movet ca^l^urd ancr the coltmon* In pan tn) the two vcbicle* haré cqual 
magnitudes of momentum, the total rnontcntunt of iheiyitem t% ato, and the wrcckagc » at retí atlcr the collision. 
8.33. Io*~viim: TTk forcé* ihe lwo players exert on each olher during ihc collifion are much Largcr than the borborita) 
torces exerted by the «lippcry g round and il ¡* a good approximation lo auume momeniunt conservalion. Eacti 
component of monxnium i% teparately conxerved 

Sur I M Let Kj: be eral and >ybe nonb. Altor Ibe cotliiion ihe h\o playee* have veknrity V> . Leí the bnebacker 
be object A and the halJbacfc be objecl B, «o v 4 v Mt -KX mi. v 0( =7J m % and -0. So*ve for 

y., wnd \ . . . 

I-Ai* t 1 1 : ^ /í, give» a»^ *«^ JU -(ttj+a^K - 

y , w^,, * ww>. _ (»5 fc8M7J ros) , 3 , i ^ 



^ « ' UOkg^KSkg 



^,ü^and^58V 

v. 3.14 iivs 



Tlte playees mo\c »ilh a ipeed of 5$ mi attd in a dinviuxi 5K" ttorihofeaM. 
EVAUUTE: Each componeni of momentum a «cparalcty conten ed, 
834. lofA'ntV: The re i* no net extemal forcé on the *y*tcm of the two ikatcr* and the momenium of the ¡tytfcm i» 
converved 

Si:f L t p: Let objecl A be Ine ikaier «ith maw 70 + 0 kg and objecl £be thexkater wilbma><»6S.0kg> Leí '.vbeto 
therigbL» v xu - -»2 00 m * and v Ml - *2.50 mV* + Aftcr ihc colbi*on ihe i*o objecu are comblned and move with 
velocily * + . Sotve for y . 

*J>*. + ***** , (70 0 fcgH2.00 m ^ * (65.0H-2.5O prt) _ _ „ 



_ -j-/. l^LZg¿ * ' - ft i^nn 

The two toh move to the Le íi al 0. 1 67 mis* 

t\ aiimi ; Thcre Is a large óecreasc in kinelic cnergy. 



K h) (tu]KijS 



KJSL 



iDEVTItY: Ncglccl cxicrnal Ibrcc* ckiring (he colliKion. Thcn (he niomcnium of thc syxlcm of (he two car* i* 

CQMgVCd 

tór Up: m t -120Ükg. m, - 3000 kg . The *rroll car ha* velocity v; and ibe large car ha* velocity *; . 
I au i i »; (a) Thc total momcnium of thc *v*tcm i* comerved, thc momcntiun k*i by orce car equab thc 
momcnium cained by (he oihcr car. Thcy nave (he %amc nugiutudc of chaire ui rnornentum. Sincc ■ mv and 
A¿» ík ihc *amc* thc car w¡th thc xmallcr man has a greater chance in vchxüv. 



:c4lukm. Ihc 
injurie*. 



(b) The acccleration of ibe *mall car u greater* *¡ncc il ha* a grcaicr chance ín velocity durmg ihc 
large accclcratíon mean* a Urge forcé on the oceuponte of thc «email car and (hey w tiuid sustain 
EVALUATE: Each car exert* (he *ame magnnudc o floree C4i Ihc ixher car bul Ibe forcé on (he 
gicaicr cfTccl on ¡ta velocily *ince il* mas* i* lc*s. 

lots i m : Thc coJIiiion íbice* are large *o gravity can be ncgleclctt during Ihc colluion. 
horizontal and vertical componente ol (he momcnium oí thc ttyMcm of (he (wo bird* are corftcrvcd 
Sr.r fe: Tbe tyucm befóte and aAer (he colliftíon i* ¿kclchcd in Figure 8.36. ü*e (he 

e 

9.0** » 



he 

itaown. 



!>C >Wt*# 



l'.l ■!- 



frizure 8 JA 



Hxi.c tu: There U no cxiernal forcé on the *v*tcm 10 P t ■ A. and ~ 1, * 
Jt-ft. giv« fli W*rt)"0^W^w#^ 

/¡, -P J# gira 1OóOOI^H2OOnVsiMa6O0^ and r„*Hn¿-lÜ.0m* 

10.0 mK 



and d - 4JT 



9.0 rn * 

fcv.vii afe: Duc lo il* large ¡nilial ¿peed ihe hgttfci falcon wat ablc to produce a targe chance in the raven 4 * 
direction of mobon. 

8.J7, IdevtIFY: Since fricción forcé* from the road are itmoied. (he a and y componen!* of momcn(um are 

Su l. p; Lc( objecl A be Ibe *uhcompact and object 8 be thc truck. Afler (he coUhuon thc two objccl* move 
togciher with vclocity . Use Ibe x and > coordinaies given in Ihc probkm v My * v My * 0 . 

Vi, =íie + 0m*hin2* + 0 s -65 m*. v It -(16.0 vMtcoMtf* 14.6 mí*. 



i . - 



í 950 Jsc^ 1900 ktí 



. ■+ m 



950 hg 
'950kg*1900 kg 



(6.5 m*)-l9 5 mt 



(14 6 mk\m 21.9 m * 



i 1900 kg 

Defore ihecollüion the xubcompael car ha* «peed 19.5 mi and (he truck ha* *peed 21.9 nv* 
t\Ai.i AFt: Each componeni of momentum i% inuepenóenily contened 
8*3S. lot.s iiim Anpty conser\'ai»on of momentum (o (he coUision. Apply conserval ion ofencrgy lo the motion of Ihc 



Mo<tx*mi»jv Inipulu», atul CoUtuont H-í i 



Si r l ; r: Comenatmn o\ nvimenium applied io the colhiion bciucen the hulla and tíx biiek Let ofrjccKJ be 
LhcbuJIct andobjccl flbe IhcbtncL Let r, be lire *oml of roe bulta before ihc colU**jn and leí Vbc ibc *pccd of 
ihe hWL with «he bullci iroidc)ii*t arter ihc collraon. 



Fijpirr M.JSa 

/* t n eivuuni une» flf,V| ■ I 1 " * * "i M - 

QnuDvalnia ofencry) applicd I» Ihc mutinn oí ihc bluck alta Ihc cutUwm 



I *¿ 



gao» * 

1 \m i ii Work H ÉM by Jhetiun *o N -(/ t m^<-/¡j--^i 

(/, c¿ - 0 (no wnrfc done by en ■■ - 
fi-fe"**) ■: *k ha -•■■■■>- '■ :-i 

Vut th» in the comen almo uf miinvnium equation 



| * in bt*l-20k< 



ÍJW-Jfl ' kg 



E\ vi i trt: Whcn wc npnly coroervation nf momentum lo the cnllisaon »c are tjmnnnii the impulw oí the 
fririion torce exened hy the lurfucc durme the collltion* Thu » rea*orublc aince ihi* torce u tnuch rniallcr ihan 
the forcci thi* bullci and block exen an each other during ihc colli*ion* Thu fnrec áoc% vrork ú* ihc biock nwve* 
ifict ihc ccJhuoiv and lakct away all the Linctic cocruy 
U*. |[itxiu"%: AppLy coruervaiion oí Riomcntitfn lo the colisión and comcevation of cnergy to ihc motton Jila ihc 
colhaíon* Aña the collitnm Ihc kincuc cner£*y of ihc combmed object i* coavericd lo cnivitauonal poicntiai 

Sir 1 1»; Immedialdy afta Ihciiilluion the combuicd objcel ha* ¿peed l\ Leí A be lite vertical hcighl through 
wlbch the pcnihilum n^. 

K\lc iTt; (a) ConietMiimn «f nsimentum applieil to ibc codliwm e^vci 
• IJíl-Ii) ke«'Si>mil-lh«0kií * M> 1 kg)l^ and J ^(l75Xraa 

Coruennium of encrey jfiphed lo ihc moiion añer the collbion gi^c* ¿« M I" J ■ ftt^gh má 

íei ^ ■ (ffuK 1 - 1 1 1 kg • I2JIH 10 1 kgK0.75S m %y ■ 1.73 J . 

t\ \i i \H : Mi>n of Ihc Biltia] kinetic cocrey of Ihc bullci Uduupaled in the colliitvm. 
M4. iDCVtlFV: Eaeh eomponeot of horiíoíibl momentum U cotinmcd. 

mi l y Let . lx . , .i aod *vber>onh + i^av^sD. v ll# - 16.00 m *|co»J7 0" * 4 79 re.» , 

r ttí =(600m*hm37l' r ! ; , 1 4U ■' i. *r -8.28 ra* and 

v^, - -1*00 m SUmiyO" - -3.52 mi , 

[80»ke»4 ra*>-ri50(lhgKX + 28 m*l 



tO.O kg 



Sani"* *pced hefore ihc eoflituin fM 9*^7 m h 



N*I2 Chaptrr* 



***** |hUOkgX3.61 ro*)*(500kgX-3.52nV*> _ _ ( 

v,,. - — 2.2o m/i. 

^ 500 kg 

Ahgail'* tpeed befóte ihc colluáon was 2-26 m * 

<b) AK^<80.0kgH600m*r^ AJC = -o39J 

EVAUUTE: Thc tniai momcnium rt conicrvcd bccautc thcrc i* no nci cMcmal borixonUl forcé. Thc kincüc 
cneruy dccrcaie* bccausc Ihc forcea bcrwecn thc objecu do ncgativc work durinc ihc coliiaon. 
ÍL4Í. Idevtify: When ihc spring ¡* comprc%*cd thc nuximum amiwnt Ihc twoblock* arcn'i movirte, re lab ve tocnch 
oihcr and ha ve (he same vcloctly r rchiivc lo Ihc uirlacc. Apnív ccmicrvaiion oí momentura to ñnd J'and 
ccin*crvaiMm of cncrey (o fmd thc enere, y *kircd m thc spnng. Sincc ibc collcoon í* cía tfic. Eus< 8.24 and 8.25 give 
thc final veifleity of cach Mockaftcr ihc coJIUkm. 
Sir l'P: Lct '.y be thcdtrcction of ihc ¡nitia! moixmof .4. 

Kuíin: (n> Momcnium contctvationgivc» <2MkgX2>00ias)=(]10kg)r and F = 0.333 m.i . Bolh 
bloc ka are moving al 0.333 mi. ¡n ihcdirection of Ihc iniiial mohi*) ofblock A. Conscrvatton *if cncrgy %ay% thc 
iniiial kínetic cncrgy oí A cquaU Ihc Itiial kinclic cncrgy al máximum compreniein pkw thc ptrtcniíal cncrgy U h 

'■■r. i m thc bumpctv *l200kgH2 + OOrn'») 1 -6' b r 4(12.0 kgX0J33 mt*y and L^-3.33 J. 

(m -m \ ( 100 kjr- 10.0 kc\ 

(b) r C( = — á ü |v J1J - — H2 00m *)-*1.33m * - BlockH Urnm im: m thc - v dircctiunai 

\m A +m,J { JlOkg ; 

1.33 mi 

J ^ j. - 2l fí ° kg> (2.00 ra, 1 *) ■ 40.667 rn * . Block B U moving in thc *x dircelion al 0.667 rote. 




MI Ji>i viw\: No nct externa] hori/*xiia] torce mi J 1 iiconacrvcd. Ua*tic colliaonio K, ~K¡ and canute Eq. 8.27 
So V*i 



! 



□ EL 1 a EL, 



Figure H.42 

l*\i:c iTt; Fmrn conicrvaimn of t-componcni of mornemum: 



(QJSOk B X0.80m*>-<0.300kgX2.20 m*> = <0.IM> kg)r (Jt + (DJQ0 kgfc^ 

-lÓOnVfav^ +2*fe, 
l'rom ihc reían ve vclocily cquaixm for an ela*iic cotti-tion H.27: 

Adding thc two cquationi gwe« -0.60 m« - l\ ét and v í)a ■ 1 1 mi;. Thcn y aU ■ - 3.00 mi ■ -320 mi 

Thc 0.150 kg eInkr</f)Lsmo\ing tothe lerlat 320ro»and thc 0.300 kg gtiacr<if)bmeA + mgto thc leflat 
0.20 rn 

EVaUTaTE: Wc can u*c our x tu and ir^, lo shi>w Ihal /* b eonitanl and A', ■ A\ 
MX iDEPmFY: Sincc ibc eollbion ii cla^ie. both momcnium coifecrvaliim and l'q. K.27 apply. 

SKI LP: utot>)eci.lbe ihc .mokt? nurblc aod ki objcei Jí be thc 10 0 g irurblc. Leí * v be to thc mrhi 
Exfc i te; (a) Con^crvalion of momcnium eivci 

(0 0300 kgHO_20Ü m%) * (0.0100 kgK-0.400 n**> ^ (0.0300 kg)v, ; , * (0.0100 kgh^ - 

3v A +v # j,»0200ra^i.Bq. R.27«ys v Jla - -- <-0.400 m .-0.200 ro»)- ♦0.600 m* , Sctvtng *k pajrof 
cquationi gi\ci v 4jt =-0.100 m* and v #il - *O.500 m i . Ine 30.0 e marbte i.% meA ine to thc lefl at OJOO mfc 
and thc 10.0 g marblc i% moving lo Ihc righl al 0.500 mi 
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lb)FormarbkJ. AP tt - m^, - *w, -{0.0300 kgX-0 .100 nv*-0 200 rn *\ - -O.00W0 kg*m.i . 
F«marNca. . - m t i , .. «* 0100 kg«0 5<«) m* -|-0 400 m *[) - t0.00900 ke m* 

The change* m momentum nave thc xwnc magnitudc and oppccute *igr¿. 

ic » l o< i.. :'■ . ■ áK A » -¿«vi ^UDQI IcgMIOJTOmif -(0.200 --4.5- I0 J J. 

F«mirblen\ AT, - 4-nvJ j - ^¿»¿ - ±< 0.0 1 00 kg X[0.S00 rtf - [0.400 ■Mí]')- IV 4 1 . 
Thc cnange* xn kinctic ene rey have ihc «ame maumiudc and onpoi.he sign. 

EVai.i afk: Thc rcsulu of partí <b| and (c| show thal momenUim and kinciíc cncrgy are conserved m thc 

ColliriflM. 

8.44. lD* \im jnJ S#;fL p: Witfaiut roundn^. thc cakulation in Lxample 12 give* v i; ¿J!0m ( í. 
I!\*:íitf.: Thc rwocquation* in Example 8.12 for a and fí are 

(OJOOkgH^OOmi^^ (0.500 kgK2.00mi l íHciwa)* (OJOO kgK^20 m.*Hci»/?) Eq« 1 

and 

0-(0.500kg)|2Wm'ftHun^)-(0.30QkgXiy20 ns>nn/7 Eq.2. 
Divíding cach cquation by (D.5Ü0 kgHI.OO mi'*} gtve* 

4JW-2.0(kTO« T 0.6j20co*JÍ Eq. 3 

and 

11 . ' * 1 'i - ■ r 1 1 v' - ■ ' ■ ¡ ' i' Eq.4. 

Ha 3 gira tWf- J '' J "* ( ^ Hg and ccnV ii 2.222-2.222ci»<j'í0.5556«» i ff . 
0W20 

B«.4fh«i ÉI^-aWMéw and «n'/f -&55S««ta J « -0.5556-0.S556cto j cí , 

Adding thc two cquation* and u*ing %in J /?í cnv/T-1 give* I - 2.77Í - 2_222co*tf and cma -0.8002. 

a»369\Thcn un fi - 0.7454 110 a gira JÍ-2Ó.6 4 . 

EVaLUaTE: Foc ihcvc valúen of o 1 and fl ♦ thc v componen* of moincnium, ihc \ componcni of momentumand 
thc kinclic cttcr* c *y are all contened in thc colimen. 
M5. Idkythty: Eq*. K 24 and 8.25 appl>\ with ob)cct A being thc neutrón 

Si:f L'p: Lct *x be thedirection ol thc ¡nitial n*«ncntumoí thc neutrón Thc ma** of a neutrón U - 1.0 ti * 

bttvn (»► v 4jí Jv^ a ¡ o U " ^0 " v *ü c /3 0 - ***** oítbc "g**™* 1 afer 'i* 

is otte thii d its inititil 



IC 



rt)Afler n colU»o«. r a -íjLl ... (_!_) ._L-, N 3.0*^59.000 nlo B 30 - logSftOOO wd « = 



t\Al l vft: Sincc Ihc cc4lukkn i* clatíic^ in cacti cotliuon thc ktncik: cncrgy Um by thc neutrón cqual* thc 
ktncitc cncrg\' gained by ihc deulcron. 
Ué. iDIXtlFV: Ulaitic colliiion. Solvc Ibr mas*, and «peed of largct nuclcu-t. 

Su O: (a) Lct A be Ihc pro Ion and B be thc target nuclcu*. Thc colliiíon b ela*l»c, all veiocitics lie along a linc. 
and lí s .11 rcit befofe ihc colisión. Menee thc remití of Eq* 8.24 and 8.25 apnly. 

EXF.CI/TE: Eq. 8.24; m¿{i\ iv, í-hüi^ív^ -r^fc where i* Ine vclocíty con^ioncntof A befoie ihc colluton 
and \ íw ¡x thc velocitycomponcnt of.( aílcr thccoUmon. Ilcrc. V M ■ 1.50*10 m'*j ^lakc dircciton of ineident 
beam lo be positive) and v ít - -1.20 *10 in-s (nc^tíivc «inee travcltng in dircciion oppo&itc lo inciden! bcamX 

v. -v. \ íl.50-10 1 ntfk-f L20xl0' mi) ( 170 



[bílu 8J5; iu,- 



. — mi \^m\ l = ftOftBL 

1 5G*10 ms-LZO'IO mi lOJO 



IfL50*l0'm f *)-3.00*ltf' n\% 



2*» t 













mi ?9.00íu t 



t\ All afe.: C'anu*couTcakulaicd v and tn loinmihai /' i&ctmsianiandthat IT, - K y 



N.M ChapttrS 



M7. IDENT1FY: Appty 

■evita - - okg. mj -0400 kg, ^ =0200 kg 

ExucrrE: r Bi Í-I i-i !_L . 



x ^ (O.MOkgHO^OO m)+(0.4O0 kgHO IO0 m>*(0M0 kgK-0 300 m) _ t>f||Hm 
" 0. 300 kg + 0 400 kg * 0.200 kg 

ÍOJüO kgHOJOO m) ■* (0.400 kgK-0400 mW f 0,200 kgHOWO m> „, p 

= 0.0556 m • 

O JOO kg . 0.400 kg * 0.200 kg 

EvaLITaTE: Thcrc is maisai both oomIivc and ncgativc v and ai posilive and ncgaine y and ihcrtforc thc ccnicr 
ítfinaw i* clcuc lo thc orígín. 
M& iDEvntrv: Calcúlale . 

SKI I t p: Appty Eq. 8.28 wirh Ihc nm as ma» I and Júpiter ai rna** 2. lakc Inc origin al thc *un and let Júpiter 
licon thc ptMítivc »v»axta* 



"L 



F.78* IO M B i 



9 


— 







Fbxure Ufl 

«A + m a. 



Kxjti'FE; t, -0 and ^ - 7.78x10" m 

(iMxlQ 1 ' kgH7.78*iO" mi 

*_«í n — 1 = 7.42*10* m 

** I.Wx 10* fcg+ I.Wx Ir kg 

The ccnicr of mas* i* 7.42*10* m (rom inc ccnicr of thc «un and i*onthc linc connecting thc centén of Ihc *un 

and Júpiter Tbe *un * radiu* h 6.96* 10* m *o thc cerner ofmas* he» ju*t ouisidc ihe *un. 

EVAUMTE: Thc mas* of thc sun is much urcalcr than Ihc mas* of Jupilcr %o the cerner ofmai* ¡* muchcloser lo 

thc *un* Forcach objeet i*e have consideren* all Ihc mai* ai being al thc ccnicr of mas* (geométrica! ccnicr) of ibe 

objecL 

Uwnirv: Tne locarkm of thc ccnicr of mass ¡sgivenby l!q 8.48. Thc mi« can he expressed m lermsof Ihc 
diamcicr. liaeh objcel can be rcplaccd by a poinl nuw al ¡ti center. 

Si.r L T P: Uve coordínate* with thc ohgin al thc ccnicr of Piulo and thc *.r direction toward Charon* *o i , 0 
x = 1 9,700 km , « = /rf' = jj-lffr' - i ¿ixrf 1 



v. . 



■( 



— " : ; oki °'' — .1*19.7 

;MT0km] -11250 km) 1 



The ccnicr of ma» of thc system ts 2.52 *10 l km from the ccnicr of Piulo. 
EVAUUTE: Thc ccnicr of maw u closcr lo Plmo becausc Piulo ha* more ma** than Charon. 
4.50* lot.Niux : Appty Eqs. S 2\ 8 JO and K J2> Thete i* onty one componen! of posítion and \eloeity + 

Un m t -l2U0kg. Ar 4 *I800kg. Ai *m t +m M =1000 kg-Lct^be lo Ihe righl and letiheonulnbcal 
of thc sialion w agón 



EXECRE: W ^ ^ - . ° ' " ™ k *" Am m > . 24.0 m . 

1200kgt|AOOkg 

The ccnicr of mas* i* bcrwcen the can. 24 .0 m to the ncht of thc tution waeon aml 16.0 m behind the kad 
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ti») P 4 -u^ t + m^ Jt -<l200kgHllOm'*)4(lKOOkgM2D.Qm.i>-5 k 04y10 4 kgrn*. 

m ( +*i, l2OOkg + ]S00kc 

(d) T t - Ur w ■ (3000 kgXló.R m *) m 5 04 n 10* kg mi. the w ai in pan ibl 

Evau afe: The toiaJ momene uní can be eakulated ciihera* thc sum of ihe momentaof thc individual 

ob^cci* ¡n ihc systcrn. ora* ibc loial ma¿* of thc *\Mcm limes thc vclocily of thc cerner of mas*. 
fL5l. lotA iim: Use Eq + lo ñnd the * and r coordínale* oí thc center of mau of ihe machine pon fot cach 

configura! ion of ibc pon. In calcuialing Ihe cenlcr of maisof thc machine pan., each uniform bar can be rcprcscntcd 
by a point mat* al it.* gcomctrical centex . 

SefUP: U*e coordínate* with the axis al ihe hinge and thc *xand *ra*ciakmg thc horizontal and vcnicalbar* 
in ihe figure in Ihe proMem Let <x.,rj and (x,.v,> be Ihe coordínale* of thc bar rrf^^ 
i* piviXcd. Leí objccl 1 be Ihe horixonial bar. ob>eet 2 be the vcrikal bu and 3 be me ball 
Enera t laoOkBHD.TSOnD.O.D _ fl „ ?m 

«i ( rui; *m 4.00 kg + 3.00 kg t 2.00 kg 

«Jé'^iVjíWlV, O+fXOOkglíO^OOniJti^OOkgMI^Orol ATO 
y - * - - 0.70Q m. 

«^«ít^ 9.00 kg 

(4.00 kgH0>750m>*<3MkgK-OWm). (200 kg)(-LH0m) 
9 00 kg 

y - 0. x - x » -0.700 ra and r -y - -0.700 m . Thc cerner of rum move* 0.700 mío me right and 0.700 m 



l!\ ahafe: Thc vertical bar movc* upward and to thc nuht *o ii ii *cn*iblc for ihe cerner of mai*of thc machine 
parí te* move tn thc*c dirceiiatts. 
t£2- <*) IDCXTIFY: Uw?Eq.k2* 

Sn UP: The larget variable ¡* m,. 
EXECUTE: x_ t -2.0nv >' «0 



1 



■JAtu^ A^(O) + (OJOkg)(K,0m) OKOkg m 
íw^fli fff, +- (0.10 kg) ujj+O.IOkg * 

* -r ( .O.IOkg 

0 K0 kc m 

iH t *0J0 kg- — -ú\40kg, 

2.0 m 

«,-OJO kg. 

¥.\ Alt a ni: Thc cm i* clo*cr to m t *o it* ma*i u torcer then tn.. 
<b) lofcvnFV: Use Eq. S.32 lo calcúlale P. 
ttrlfe t»^=(50rnaj/ 

P=AfV^ = |0.10 kgt0.30kg)(5 k 0 rn h s)í = |2.0kg nv%)l 
<e> iDEVnrv: Use Eq. S.31. 

Si:f Up: v . = ' * m %: . Thc largei variable i* v > Particle 2 at rc*t *ay* v - 0 r 

EVALUATE: taing the rcsuli ofrnn te) w can calcúlale /» and andídtou ihai P aicakulated in pan (bi 
dee% cqual f\ + 

8.53» lotAiiH : The re is no net externa! forcé on thc fttícm of James. Ramón and ihe rope and ibc momentum of the 
^)\icm te contened and the vclocny of ib eenter of mast rt conManL InUially there U no motiorv and ihe vclocity 
(he center of ma¡« rcmaini /ero allcr Ramón Um itancd tomove. 



H-16 (hjpirrS 



Skf Up: Lct *x be m thc direction of Ramón** molion. Ramón ha* mu* m rf - 6D.0 kg and Jame* ha* ma» 
flr^WOkg. 



EXECRE: ywa ^^ >D , 
nr* + 1*, 



¡n'N . Jame** *pccd ¡& ft47 nVi 



1a ui ui: A* thcy mote ihc iwo men nave momeóla thai are cqual ín maemiude and opootiic m direction. and 
thc total momcnium of thc *vMcm t% /cío. Abo, üxjmplc S 1 4 ihoira thal Ramón movci farther than James in thc 
same lime ¿tuerta) TnU is coniiitcm with Ramón ruvinu a greaicr «peed. 
4.54* (a) Iihmiky and Sn Vr: Apply Eq. H.2H and solvc for m and nt . 



t.\u i u: i 



- "V 1 



■W + *Wi *.IO>*(050kgKoDm) 
«r + nt. m-2Ll Ü£«_J _ -125kfi and ¿n -0.75 kg. 

Jüi 2.4 ra 

EvaUtaTE: v ^ » cioacr lo «j since m t > m 
ib) locvnrv and Si.r i >: Apply a =*fr >' rfj for thc cm motion. 

Encirm « 1± =^j=-=(ls i»V|rí. 

<e> IDCVTIFV and Skf UP: Apply Eq. ÍEJ4. 
EHCUTK: ^í^-MS-i =(1*25 kg)|l.S ratf)fi7. 

Al í-J.O*. 2^ B "(l25kg)(lJniAr , )(3,0<)/-(MN)í- 

EvaUiaTE: v m rM is poalive and incrcatnigso d w é i* po*itivc and F v ¡xínthe *x 'dircelion- Thcrtiino 
molkm and no toree componcfii in the r'dircelion. 

8.55- iDcvtirV: Apply Tf-^I to the airpbne. 
m i l i-. ^-(r)*«r IN-lkg-mV. 

ExtrirrE: — sHl f 50kg*m>Vw]f +<0.25kg*mV)j\ F.-^.SONnrir. F «025N. F-0. 
dá 

EVALUATE: Hiere is no Riomcnturn or change m momentum in the z dircelion and there h no toree componen 

Ltt thlh ¿ílíCvtlOíl. 

8.56. Idkaiuy; Uw Eq. B.3S t applred toa Imite time in terral 
V?i y -l6G0m* 



EXECUFE (a> Fm-y.—m -(1600 re i,r 0 05Q(> ^ - ,80,0 N . 

M 1.0XU 



ib) The atóente of airmuphere would not prevcnl ihe rocket from operaúng. Tbc rocket could be iteeied by 
cjecling the ua% ¡na dircelion with a component perpendicular lo ihe roekcVi vclociry and braked by cjecling ¡t in 
direction paral Icl (ai oppo*cd lo antipara lid) lo the rockc!** vekieity. 

EVALUATE: Thc ihrmi dependí on ihe «peed of theejceicd cas rclaiive to thc roeket andón ibc mas* of gas 
cjecled per sccond. 

8.57. IdevtIFY: 4 - - — . Atuume that dm dt b conitant over ibc 5.0 x inimal t %inee ot doein't ehange moch 

m dt 

during ibat intenal. The wntá i* F ~ -v*^ — 

SKF Up: Take m to nave the constan! valué I LO kg -t 70 ke - 180 kg . dm dt u negalive tince ibe ma.uof thc 
MMir dcereatci as gai Uejccicd. 

EXXCITTE: (tt| — ■ ~—<t m J 180 k * 1(0.029 m V ) - -0 0106 ke » . In 5.0 ■ the nuM that íf cieeted ü 
dt \ 490 ni % } 

(0.0106 kg *M5.0 m - 0.053 kg . 

ib) F--v — ^-(490m*H-O.OI06kft's)-5J9N. 



Morocntunv Impulse. ar>d ColJiÑons IM? 



EvauíaIT: The nui&changc in thc 5.0 s U a very símil Iraction ofibe toial im« jh + soil iiaccwaic to tale iw 
to be coartan t* 

8.58. iDKvnrv and $TT L'p: Apply Eq. 3,39: a = -^¡S-— . Solw: Ibr dmidt. 

m dt 

EXECUTS: 

*»- ("*■)(»»■*> _ 7 ^ 

rfí v„ 2000 m>* 

So in 1 1 thc rocket mu* ejeci 75 + 0 kg oígAi 

EvaUaTE: Wc nave appnvumatcd rfwí/í hy Aoi A/. Wc nave anumed tlut 25.0 nn ; » (he 
accclcration Ibr ihe ilr*l scctmd* 

8.59, lotviuv Use Eq, SJ° k applicd to a finilc time interval. Sotvc for v H . 
■ Am -w 

.V 160 

¡ XECUXEi gm- Vm ^" . v = - . tf ^ 2.40*10* m* ■ 2.40 km*. 



EVAUUTE: The accclcralioa a proponionai lo Ihe qiccd of Ihe exhaurt ga* and to thc rote ai which ma» is 



8 60. tiitMin jtjJ S*:fL p: f/¡ a )A/ =J tebieMheünpulw7toiheavcmge thniM F„ + íiq H JS a^hed to a fmitc time 
ÍMcrval gívei = -¥ m ^ » 

Emíui: <»> F~ — ~ t0J) N * * = S.SH N . F m tF^ -0442 
Af Mi 

<b) v — £^1 -KOOnV*- 

* ' * -OOI25 kg 

«O ( , frt .«i rf 0X1258 kit 



<c> v>-0 and v-rJn^J=(S0Ü nV<>w| ~ s j - 530 mft 

EvajouTE: Thc accclcralioa otme rocket i* nol coruiant It 
8,61, iDCVtirV: v- v t ■ v m Inj— 

ScrUP: v, -0. 

EOCim Inf^-l*» 00 * 10 * and &.^.«2 



/ r a 2100 nVi iit 
EVAUATE: Noic tlut Ihe final speedof the rockel ¡* grealcr than ibc relativo speed of thccxhairti 

8.62, iDBftlFY and Ser L'p: Use Eq, 8,40: r-r, - \n{M,. <m), 

y 4 »0 rfired frorn re*0. »o v/v„ = bfa^/*). 
Thut mttm***, or «ftt«*** . 

If i i* Ihe fmal*pccd raenm i* ib: nuu leñ uhen aH íhc fue! ha* fceen expended; ui ni, i* rae iVattion ofihe 
mil ia I man thai i* not fucL 

{a)£\i.< é i»: vsl.OOxIO ^-3.00x10* m^* gim 

mim*** 0 " í^m^mim ■TJxIff^, 

EVaLuaTE: Hib i.% eleaxly not feanMc* forxolitlle of the iniUal man to nni be lucí 

<b) f.vn i n : i-3OO0mii pvo íir'^ -e H ** > " ,: ™" -0,223 . 

huun: 22,3% of ihcioial inihal rum not fucL %o 77,7^ b ftjck ihn i* posible. 

8.63, iDCVtirV: U%e Ihe height» lofrad t. p and v , ihe vchicity «fthe hall jutt KTorc and juti alkr n mnkenhc^bii 

Then apoK J t -F^Jii -&p t , 
UP: Lct * y be don n^-ard. 



Hl* (haptrrS 



EXíClíTE: (■) ^m' -mgh so v = tjl¿£. 

v„ ■ *J2<9K0 m*'K2.00 m) - 6.2fi nVs . v lr - -j2í*.R0 m>¿f m> - -5 60 ra * . 

J r *Ap t *Miv it -v (1 )-<40.0xl0 ' kgK~5.60 mi -«6 ra*)- -0,474 kg ruta. 
The impulse i* 0,474 kg*m/< , utward. 

EvaumTE: The upuura* forcé on the bal) chaneca the direelion of ir* momentum* 
s.ff4. Ioeviifv: Momentum « conserved in (he explosión. At the htghcit poini the velocily. of ihc boulder i* /cm 
Sútee «tic Ihigmeni moves hon¿*mially the oihcr fragment also move* hocvontally. Use ptojecu le moción 
(he inibal horuxmtal velocily of caen fragment to (1% horizontal duplaccinenl- 

Si.f Up; U*c coordínales wbcrc * v is norih. Sinccboth fragmente tfari at ihe same hcighi with oto vertical 
component i>f velocily. (he lime in (he air, t. i* me «une íbr bolb + Cali Ihc fragment* A and ff, ttiih^ being the onc 
that land* lo ihc north Thcrcforc. ■ 3m 4 . 

EXErtTU Anpty /¡ "JL to (he coliiáon; ~~— v A ■ -(* A /3 . Apply proiccüle 



i» ihc moiton allcr the colliaoo; **-x* - v n t . Stnce t i* the umc. 



dircctly souih of ihc point of explosión. 

EvaUiaTE: The fragment ihal has threc (ime% ihe ma** travcl* onc-ihird a* lar. 
s.tf>. Idevtifv: Tnc impubc* forcé and chance in velocily are rclaicd by Eq. 8.9 

Si r Up: m - u y m -0,0571 kg . Stncc the forcé i* coruianu 

ExutUTE: m) ^-Fi\f = (-380NH3O0*l0 4 *)=-U4N**. J »fAía(l I0NH3.00*10 1 *>=0.330N 

Ib) v> « — »y t = ~ LMN %20.0m'*=0.0*rp7i. v, -vv - PJ3 ° N * f f _j q m ^ . , 1H ^ 
' ni ü 0.0571 kg J ' "i " 00571 kg 

EVALUATE: The change in velocily » in the same direction an Ihc forcé, to has a negative x component 
and a positivej' component. 
h\64> lofAim: lite hor¡¿onial componcnl of the momentum of Ihe ijslemof cari iscon»er\'cd 

Si:r L'p: Lct *.y be ihe direction the car* are traveling. Eaeti car ha* mas* m Leí v L be Ihe initial ipeed of Ihe 
three car*, =4v t . Leí ,Vbc Ihe mimbcr of can in the Anal collccitort. 

I \n i 1 1 : P it -P it . (3mty =<Mnhv A" =2ü = 3_íi_= 15. 

K% Ai i afk: In ihe complete abicnce of friction or other e.xicmal horíronlal forves (his proceu of adding carean 
slowing don h n continúes Ibrcver. 
WT- iDCVtin P.'Ps. + P* mdP t =p+*p+. 

Ser Lip: Let objecl A be ihc eonverlibk and objecl B be ihe SUV. Let *x be wcst and *> be soulh, p M - 0 and 

K x*;c i fk: P. ■ (8000 kg rai)«¡n 60.0" ■ 6928 kg ■ mi* .w p± - 6928 kg ■ m 1 * and 
^ÜÜ-3.46 iftí. 



2000 kg 

f ; -ríOOOkg mi l *)coa600 Q -4fXttkg m s.so -4000 kg -nV* and i 4j - ÍÜ^Mlííl = 2^7 m/i . 

The convertible ha* apcect 2.67 m % and the SUV ha* speed 3.46 m*. 
EvaUTaTE: Each componeni of ihc lolal momentum arites Ironía tingle vehicie. 
8.6& loí-ViiM : The lolal momentum of the syxiem i* conserved and u equal lo fero. since ihc pucks are relcaied 
front reit. 

StF UP: Hach puck ha* me same mas* m. Leí *.v be ea*i and tybc norih. Let object A be the puck that movci 
wcit. All ihree pucks have the same *peed K 



Uonxmunv Impulse, and Collition* 8*19 



I \n i n : P u -P ¡A tuve* 0 = -«vt mv^ +*tv tA and v= + i* 0 * /¡> a P 2t give* 0 - , tmv lr MÚ 
v ft . Snce r 4 = v f and thc y componente are cqu&l in magnitud?, ther componente muM aUnbc cqual: 

■ v 4l and vav fc + v <( **y* - v u - v/2 * If p* # » * - mt. . ihen v, í u negaiive- The angle O ihai puck £ 

mates ttiih Ihcr axis ¡%givcn hy cosrí ■ V ^ and r?-60*< One puck inovcx in a dircelion 60 a noMb of casi and 

v 

thcolher puck ina direction 60' ¿outhofea»! 

EVAUUTE: Each comnoncni of mnmtntum i* «cparaicly contened 
U9. Io^mim: Thc * and y componente oí me momcnium t»f thc syslcm ate conicrved. 

SH Up: Aflcr ihe collkion thc combined object i*nh mus m k- ■ 0*100 kg movcswith vclocily v . Sotvc for 

i \m i ii ; (■> P it ¿A. giv» m,v^ +*V* + «fv ít 

10.020 kgK-1 50 m *( + (0.030 ta X -0.50 m *ieo*6ír - 10 100 kgH0*50 m s * 



t* — - 



t\ t - 1*75 m'% . 



1, ^j. giw*^ ****** " 



?T 1 



y = — tO^oOm 1 ** 

m 0.050 kg 

<M >V * ,/*£ + */. = 1 .77 n*. hKmK x - K t . 

U - -íOIOO kgX0*50 nV*> ! -(±(0.020 kgHl 50 m*) J (0.030*0*50 nV*) 3 + 4(0450 kgXI*77 ra'»)'] 
AAT--0W2 J. 

EvaLUaTE: Sincc ihcrc U no horizontal externa) fotve thc rector momcnium oflhc systcm ¡* couerved* Thc 
Ibice* thc spncrc* exert on cach oiher do negative work during thc col listón and Ihb rcoWcx thc kinctic encrgy of 
thc sysicm* 

losvim: U«* a coordínale lysicm atiacltcd lo ihc ground* Takc thc x «axis to be cas* (along ihe rraclctl and thc 
i axis lo be north (parallcl lo thc ground and perpendicular to thc track^K Tben P^ t% cottecrvcd and P t t% nos 

conserve ti. due lo Ihe *idci*ay* Ibrce exened by thc Inck*. the torce ihai keeru ihe bandear on ihe lmcL«. 
(a)SrrUf: Leí A be the 25.0 kc ma» and be thc carama*» 175 Itg), AHerthemaM i* thrown i«dci*ayi rebtive 
ti> ihe car ii si» 11 ha* thc ¿ame casiward componcni of wkicity. 5.0O m s. a» it had belbre it »a* ihrcmti. 

= J.ttJmn 




wcc^ucrvedwí^ím^Jv^-j^t^Vji, 
i:\ict Tf: (200 kg)(5Mm<s)- (25.0 kg)(5Al0in^) + (l75kg)v Jlft . 

1000 kn m s - 1 25 ku m s _ . 
v., ■ -S.OOrn v 

Thc final ^clocity «f thc car i* 5.00 m's ca*t lunchan^edi. 

KiAH iii; Thc thrpwcr exenx a forcé on ihe mas* in the r'dircciion and by New ion**. 3rd law thc mav4 cxerti 
an cqual and opponic Ibrce in Ihe *.rKÜrectÍon on Ihe ihnwcr and car. 

(b) Ski l.'p: \V\- are apptywig /* ■ conilani in coordinatc* atlached to thc ground^ *i> wc need thc final vclocity of 
A relatívc lo ihe ground. U*c thc retalive velociiy adctilim cquaiion. Then u*c F t - conitant lo find the final 
veloeitv of ihe car. 



Chaptrr* 



Exf.CLTe: v ÉÁ -v tM +*, lS 
v r . j « +5.00 m.i 

Vjjj — —5.00 nVi iminu* unce thc mas* U nwing wv*t rclaiivc to thc car). Thti gívc* i f 4 .¿ - 0; Ibc mu* ti al rerf 
re Ulive to thc carth afler ¡I f- ihrwn backwanh fnxn thc cor 
\% m purt (m, +m t )v t -mp^ **V ÉÍ1 . 



Thc lina) veloeity of thc cor i* 5.71 m* t cast. 

EVALUATE: Thc throivcr exenx a force ¡n Ib: -rdarc^tion *» thc mas* exett* a forcé on bim ín thc t .v-dircoiiun 
uhI he and ihc car *pccd up. 

[c)5i;i Up: LetA he thc 25.0 kg itau^ü & be Ihecarfrnatt m. - 200 tai. 



rctw v ato 

P 4 bcocucrvcdw ■/j»+*i*'ju"(^ + %K- 

v . «A, -«^ _ l™> «» cn*)-(25.0 kgHó.OO .^^ 
* « ( + «t, 200 kg* 2510 kg 

Thc TiiwlviíkKityofthccaru 3,78m», e**t. 

EVALUATE: Thc ma** ha* negative />_ *o reduce* thc total l¡ ofthc.ty»icmandlhccar*1i>ttiíkmTi. 

8*7 L iDEvntrv: Thc hori/onial componen! oflbe momentum oflbe land p-lu* railroud lyilem \% con*crved 
SO Up: As ibc «and leak* out il retains ta horizontal vclocity of 15.0 roí 

EXF.tirrE: Thc horizontal componen! of thc momentum oflbe «and ckictrVi change ivhcn it kaki out m thc 
specdof thc radroad car docm'i cbange; it rcmaím 15.0 m'% In E.xcrcbc S 27 ibc rain i* fal lint* vertical ly and 
imtially ha* no horizontal componen! oí momentum. ta momentum changci a* it lands in thc freight car. 
Thereforc* ín ceder lo conserve thc horizontal momcnium of thc sytfcm Ibc frcighi car mu&t «Ion* down. 
EvaLUaTE: Thc horizontal metnentum of (he «and doci change v>bcn il fttrike* ibc ground* duc to thc forcé ihat 
i*, exlcraal to thc *y*icm of «and plus railroad car, 

8,72» lot-MiH: Kmctíc cncrgy t\ K - imi " and Ihe magnilude oflhc momentum b p- mv . Thc loro: and thc lime r 
il act* are relaicd lo ihe chanfle in momemum whcrcai the (orce and dutance d il act* are relatcd lo ihe chanfle tn 



%EV UP: A»umc thc nei forcea are conitant and let Ibc (orces and ihe molHm be atong the ,t axi*- Tbe impulse 
momcnium theorcm ihen «asi Fi - V 1 fd thc woríKncrgy tbcorem r»ay« id ■ \A . 

EXXCUTE: (a) A\-4(8J0kgK9.0m.-tl : -ÍJO^IO'J K r - J-UiOOl;» »5 0 m a 2 *0 >■ Ht 1 J 1 \¿fh has 
the greaier kinetic energy and il_ - 1 nfl . 

|b) p H -<K40kgH9.0ma)-7.56K]Q k kg m)«. & - 11620 kgK5.0 hvtO-810* I0 1 kg m% Toe Packard has 
the greaicr magnitud: of momentum and — - 0.W3 . 



(c) Smcc thc car* «ton ibc ma^miudc oflbe change in momentum cquaU Ihe initial momentum. Sincc p r > p % , 
F t >F. and £k^£l = 0.«3. 

(d) Smcc the car% «top thc ma^njiudc oflbe change in kinctíc energy equak the íninal kinctic cncrgy. Since 

Jt H >Jt rt F H and — -I.6K. 

F r K f 

EvaUiaTE: If the ¿lonping forcé» wcrc thc íame. the Packard would have a largcr *iioppmg time Kii uould 
travel a «Jkorter dniancc *Abife itoppinc. Thb conMitcnt »ilh it havinu a mullct initial speed 



Momcmum, Imputo. aod CoIIum* M I 



%JX iDEvnrV: U«* ihe impubc-momenUim ibeorcm lo relate ibc avcragc Torce on Ihc búllete lo ihcir rak of change 
m momcnium By Newton*» Ihird bu; thc a^crage torce thc * copón exerts on thc bullci* i* cqual m magnitudc 
and oppo&ilc ¡n direction to thc rccoil Torce thc búllete exert on Ihc wcapon 

Si.r Up: CotWdcr a lime inicrvaJ oT LOO minute. Leí 'xbe me direction of rnotion oT ibc búllete and u*e 
coordinated lixed lo tbe ground* The búllete Man Trom resL 

E»CU«> FJt-lp gív« F_ ,.<"■*»» » "M 293 "*> ,3M N . Ih. ^ i. 364 W. 

¿malí, huí over 16 bulicu ate 



EvauiaTE: Thc 



600 
Ibr cach bulle! ¡s 

8*74* iDEvnn : Find k Tor tbe sprinw Trom ibc Torce* when Ibe frame hangi at tcit. u*c constata acceleuiHm oquaJion* 
to Itnd Ibe ¿peed of Ihc pulty Juai bcíore ii srnkc* ihe frame. appty coitecrvarkm of momcnium tothe collUion 
bciwecn me putty and tbe Trame and then apply con»ervaiion of eneruy lo ihe mol ion of thc frame after ihccolluioi 
Si: r L'p: Use ihe frcc*body diagram Ibr ibc frame when it bang* al k*1 on Ibe end of the «pring lo fmd the forcé 
cotteiant AoT ihe *pr¡ng. Leí * be ihc amount the Nprinu n ttretched 



tosen 



(izare 8.74u 



ExtClíTE: ^F t =ma t . 

™ r (0J5O kg 1(9.80 m>*M 
í 0 Q50 m 

Si:r Lip: Next fmd ibe «peed oTihe putiy when II 
dowmflnL 



che frame. Thc puity Ta lis wiih accclcraiton 



(UCOin 



Hltnrc 8.74b 

I'\nfft v = ^2tf( j— >J = ^2(9.80 mV)Í0J0D m) * 2.425 m'i . 

Si:f L'p: Applv comervation of mumentum tothe col)i*>on Ivtwecn the putiy MI and the Trame (0): 



!H l - «I 



ta 



1\\M ui: 



DjOPkj 



Filtre H.T4< 
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UP: App) y cansen «ion of cnergy ta the moium. 
l be j usi art cr (he putly stríkes and poinl 2 be wben the 
tEx .iiiwunt ihc thimc rnuvra dtranwanL 



anthe 
ftamc rus tu 



al the *tprtng aJtet 



Intico. Leí 
Leí 




FlfH*LT4d 

When the frame i* al position I ihe ipring a streicbed a diMancc x i ■ 0.050 m. Wben the frame is al 
cpcing U streiched a distance x ; -0.O5O m +¿f. Use coordiratei with the i^direciion upward and v- 
lowctt pomt rvached by ihc fian*;, m Ihai \ - d and w - 0. Work is done on Ihe frame by gravíty 



politlón 2 the 
0 al ihe 
tnd bv the 



*pnng forcé, to í* F ífc- -0* and 6' » U d +1/^. 



*T, = fimf ■ ^0.350 kg|{1.386 - 0.3J62 J. 

lt«lV* V tp»*T^ J + 4l V'< s H 2M N.DiJ(0.050mí J *(0J50kg)(9.K0 mVJrf. 
£/ t «0.0367S J *(3.43 N)tf , 

"0*1 + u j h »» ■ r**í *«í>*; -4<29.4 S-m)|0.050 ro»d) J * 

(^=0.0*675 J - |I 4? N t 1 14 ? N m 1 1/ 

Thus OJ362 J*0.0367S J*(3,43N|¡/ -0.0J675 J*(L47 N)J*(I4 7 N m)<f J 

(14.7 \m|J- |1.%N|J-ÍUVJ o 

i-(l/29.4|^L%£^L%)'-4(L4j)(H>J3tí)Jm = 0^7cn£O.I6SJ m 

The solution mvc want i* a potilive (dotvmtarcU dniance, so rf - D.0tó7 m-t 0.1653 m - 0.2 í 2 m. 

E\ Al l aff.: The cullisHin i* ¡nelasttc and mechanica) eneiuv a lost. Thu» the óecrea&e ¡n umMlational potencial 



energy »s nol equal lo rae increpe in rxiteniial eocrgy ttored ta the *pnng. 
8,75* iDtvriFY: Apply con\ervaiHm oí momentum to the collixíun and consenation of cnetsy *o the moinn altor ihe 



Skf te: Let *.vbe tothe righi. The total 
„ |r| 0.750 M 



i a m - M^ mhí - LOO kg . The spnng has forec 

-JflON.m. Leí Tbe the velocity of theblock juit aflerimoacl. 



]*[ 0250*10 J 

l*\*:ctFt_; (a| Conservalioa ofenergy for the motionafter the coHUion givei K¡ ■ . LmV 1 -±kx~ and 



|b) 



f J— s (0.150 m) í - 2.60 

rti VLOOku 



lo ihe eollUion gi^x» ni^^v, ■ it»f , 
«r (LOO kgH2 60 mi) 



UH)xlO 1 kw 



EVAUiaTE: The ñttial kinetic energy of dtc bulle! is 422 J. The encrg>' vxascá »n the Nprinu at maxmntm 
comfircs^ion u 3.3S J. Mo*l of Ihe inítíal mechanical energy of Ihe bullei ú diurnaled »n the collúton. 
8*76. IO£vrtt\: The horizontal componenisi of momeniumof Ihe sysiem of bullet pltisxlone are con*er\ed The 
colhsJon ts cUpIÍc if K ■ K 



MoiDCOfura, Imputa* and tolliüonv K-2J 



Sef UP: Lct¿ be ihc bulki and B he thc slonc 



V 




Figure JL76 

EXECUTE: /í ucoiuervcd *o «,v 4i **»#v -(4 ■íw J r 4j( *flfjV #Ji . 



11.0 m-'s 



P b contened w m t 



.1. 



f 6O0* 10 ' ka 



250 mV*)-Í5Xl m * 



Mr 



15.0 mi 



v Ála 21.0 m'* 



V 0.100 kg 

D714.1; 0- 35.5 a (ocfiiwd m Ihc >¿dcb> 
(n) Toan*mrihUt|ucMion compare A', and A\ for (he %y*icm: 

^■^•ii+fvi -^^JOmUT* kg|i2S0 m^'+flOJOOkgH25Jtm^ ! ^22l J. 

* Jf, -Jf, * 221 J -3*8 J --M7 J . 

EVAIAJaFE: Thc kinetíc erxrgy oí thc ¡tyxtcm dccrcatc* by 147 J a* a reiull of thc colll*¡»n; thc colliiion b nof 
chutic. Momcnium b conterved becauxe y f. ( = 0 and y F_, ^ - Q Bul there ore interna! (brees bciwccn thc 

bullct And ihc itonc. Tbcsc forcc% do ucean ve «ork that reduces tf. 
S.77- iDEvntV: Appty conscrvaiion of momentum lo thc collbiun Ivtwceri ihc lwo pcoplc* Apply conservalion i>f 
cncrgy lo thc mot¡on of ihc ¿tuntman bclbrc ihc collision and ti> ihc cniwincd pcoplc aficr thc collbion. 
Sef l'P; Fot thc motion of Ihc vtuntman* y t - r ? -5.0 m . Lct t\ be ihe magnirudc of hb horiftinial vclocíty jusl 
bclttrc thc coltbion* Lct J'be thc specd ofthe cniivincd pcopk juil aflerthe coHiikki* Lct rfbc Ihcdbtancc thcy 
%\ ide alone thc (loor. 

I'\m i ri : m) Mobon hcforc ihccollbion: K t +L\ = Kj + U,. Jt, -0 and y*ri'¿ *«íU» "J'i)- 
v % » J 2 *í>» "J j> - i/2f9-S*> nv* H5 0 m> - M» nVs . 

■ T MOk S U90m'*)-52Bm*. 



Ib) Moiton afler thc colliáoo: AT ( + 1/ ( + B ^ ■ ATj +¿/j givei ¿nr^l** - fi^m^gd - 0 1 

y 1 



J ■ 



- 5.7 m . 



kOtluHin. u> ihc kirtctic cncfgy jusi añer ihc c»U»xitt 



EvaLuaTE: Mccha&ícal etierey dusípated ¡n ti 
í* lera iban thc inllial potcniial cncrgy of thc %iuntman + 
8.7S. Id&vtify: Apply conscr\ h aiion of cncrgy lo ihc hwIkhi before and añer ihc collUion and apply con&m Jinm of 
momcnium id ihc colluion 

Sef Vv: Lct v be thc ^peed of thc mas» rclcascd at ihc hmjuM before ti ¿Irikc* thc iccond maw. Lcl cnch objccl 
have nuist m. 

I \m i 1 1 : Comcrvation of cncrgy %*y* ^mi ' -mgR: w m ^2gR . 
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lP: Thj*i&ipccd i\ ítif (he colmnift* Leí *j be Ihc «peed oí ihc ownbjncd objeet Ju*t atter (he col! 
EuXIfTE: Cnnscrvation of momentum applicd to (he coltision give» m, - 2mv¿ so i\ - r,/2« JgR ■' 2 
Si:r UP: Apply con^rvationof cncrgy ti> thc moiion of thc combincd object auct (he coIIímoii. Leí i; be thc 
final hcigbt above (he botlom of thc bowl. 
EXICITE: fll«)vH*"OtfV 

* 2g 2*1 2 J 

EVAUUFE: Mechanical cncrgy U Ion ín Ihc colusión* k» thc final gravitalional poicniial cnergy i* lera Iban (he 
inhial gravitaiional poicniial cnctey. 
8.79. Iitmin; l'qv s ;j and 3*25 grte (hcouteome of ihe clatfic colhsion* Apply conscrvalion of cncrgy (o loe 
molkin of thc block afier (he eoU¡*íon, 

Si:r l'P: Objccl & « (he block, ¡nilialry at rest, H L « (he Icngih of thc wire and 0 t* ibc anglc ii makc* wiih ihc 
vertical (he hcighl ofthe block U y - MI -co*0) ♦ Initially. \\ =0, 

EiuXirTE: Eq + S.25 gíw* v¿ -I — — í — Ir, -f — — — ]<5.00 mi)- 2,50 rns . Conscrvation of cncrgy gives 

Lm A \t -= mtgUi-cotO) . co*0 1 - J¿_ = | - ("O infr)" =0 J62 and r?^68.8 4 . 

7 * * 2*1 2(9S0ms M05r»nii 



EvaUaTé: ünly a pon ion ofthe inilial kinei»: encrg} 1 of the hall A tramletrcd (o thc block mita colh-uon* 
H.HO. Ideyii*^ ; Apply conserva! nm of cncrgy lo ihe mol km befare and after thc collitkm- Apply comcrvaiion of 
jtion k nium (o tne colh*&íon. 

Sirl.p; Fintf consklcr thc motion after ihc collnion. Tne combtncd objccl hai max* m k( - 25 « \v. Apply 

= itw lo ihe objccl at thc topof thc circular loop* whcic thc objccl ha* speed v l+ The accclcralton ¡* 
l: ^ i ; A\ downwanl 

l!\*:c t fk: T + mg -m-j^. 

Thc mínimum speed i-, forlhc objeet nol lo U out ofibe curie iv givcn by «ctting I" ~0 + Tbn give* v L ■ ^R? m . 
where Jf - .V50m. 

Si.r L p: Next. uiceonímaiionofenergy withpoínt 2at thcboltomof Ihc loop and poínl J al (he lopof ihe 
loop. Take > - 0 al poim 2. Dnly gravity docs wori, so K 7 * U t ■ X, * t7i 

Ettt irTK i« M vf - * «^í 1 2* > 

U*e v k - ands>Uxfor *v -13.1 iq 1 ». 

SfF UP: Nott h apply comcn'aíion ofmomcntum to thc colüñon bctK h ccn (he dan and (he ¿enhete. Lct v ( bethe 
speed of (he dan befóte thc cotliuon* 

^■65.5 n'K. 

EVaLitaTE: Thc colliiton i* ¡nelastic and mcchanícal encrgy is removed from (he %y#icnt by thc necaiivc work 
done b>* thc focee* bctwccn ihc dan and ihc spberc. 

8JIL iDBnuv: UseEq. KJ5 lofind ihc xpccdof thc hangíng ball jutl añer ihc colluion. Apply - lúa to Itnd 

(he (cnsíon in thc wirc. Ancr thc eolliiion ihc hanuing hall movet tn an are of a circle with radíu* R- LJ5 m and 

acccleration n trf a p'/ff - 

SO UP: Lct J be Ihc 2.00 kg hall and B be (he S + 00 kg hall. For applying lo ine hangingbalL l« *y 

be upwinl unce a ^ isupn h ard. Thc rrec-body forcé diagram Ibr Ihc 8.00 kgball tí givcn in Tlgun: KM 

EXUCITTE: iw *f )r Jh -f 2 * 2 °° kg * ]í5.00 nA) ■ 2.00 m * . Juil allcr thc colliwn ine S 00 kg 

ball ha» speed - 2.00 nv» . Using ihc ftee-body diagram. - iw a gives r -*■>:- .wn tJ . 



9 + R0 m>^'** 20 ° m ^* |- 
LJ5 m 



Uamontiinv Inipuitc* and C ttllu^ni K-I5 



¥ \ vi i iii.; Ihc tenuna befare ihc caltaian u the weighi ofthe halL 731*4 N Jiiu iftcr ihe cúllision. xvhcn the 
Salí lúa uoricii lo movt* ihc icmion i* grenicr Üion ibi*. 



i 



Figure HJi I 

I.HL lDfA~ttt\: Hit impuUt* applieü tu the balleuutli IU ctuinte in nuvncmunt The hciphi uí the ball and t%% tjx^d 
¿re rcuicd hy ■ l i . ■ - 1 ■ ■ i pf cncrjrv 

Srr Llp: Leí * i be urnvard* 

n: Applymg tinticrvaliun preneryv lo ihe mudan of me hall from iu tviuhi h lo thr Ñoee ciM't 

*nfif ■ uhere t i^iti ,|-. .l: .l-- K :■ ■ . it hiU Ihc 1" i ■■ i bclbrc rt biu, il u mncJinu dtuttiwanl* ut the 

vclocity of rae ball jia) brforc n hitt (he IWí u i; p - -*j2gk « Appkmp conicrvatun uf crxtvjy tu ihc irwlnro oflhc 

ball finen juil aJicr it bourve* olfUic llixii \vilh ipeed q u> it* máximum hciehl of MQ A gira 4"" . - »t^ti* 

Il n movmp upward, m » i^2jj(üV#íWf| ♦ The jmpulw jppJitf o" la me hall i* ./ - /t - jt |4 » i* a ^ — 

m J->j|I>.Wj| -t m^Zgk ■ 2.7t\*nJ¿ft . Tbe flwt excite ja Ufiward impuUc i>T Ubwjgh tn the ball 

E% A1.i t fe.: The impubc mércate* tvhcn m inervares and *hcn A incrcj&c* Tbe hall chic* nnt rcium to iu mttUI 
height hecause wnx incchaiucaJ energy u diuipaicd tintine the colliuna \tilh me tloar* 
IJÜ. lin.viu v: Appiy corocrvaimn o/ mi>mcnium to the collbioa hetwvcn ihc hullet and ihe blnck and applv 
conien'abon oí energy la me mol ion of ihc blackifter ihe calbiion 

{jiSrrUr CUMm between the bullet ami Ifo blocL Lctobjcci A he the bullel un! objevi B be ihc blocL 
Apnly moroenkim eoruenjiion tn lin<J me * peed i\, of me biock jutt aüerthe eolli 



3 



iS 



MI 



Flnrr 3t.S5a 



Ewt'm Z 1 ii eonscrvedui *i 



r. ■ 



mu 

ÜP: Mniioei nl tlie bloek aller me cnlliuon. 
Leí punt I m ihe multon bejuil aücf ibe eolluion. where the blwk h*s the ipecü J.44I m * cnkMUtcd abtne. an 
leí point 2 be «hetv ibe blnck ha>» come lo retí. 



fWS>m 

Retire S.IÜb 

i \m i ii Work ii done un Hie block by fhetion, «o fl^ ■ J*\, 
H^-IPJ = ( /, cut^ (4 - -/ t J * -^nnjj . uhere i-0 + 450m 

JC, ■ tff. ' ' fbhxk hxt come tn ml> 

(1.40 nv 1 *)' 
^ 2e,f 2|<>.HOm»'|Uí*50 



-0222 
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(b) Forthc bulkl. 

k ~^m%í -i J DOxlÜ kg){400m*, J -J20 J. 

it, * ±wi£ * ¿(4.00 x 1 0 ■ * kg )( 1 20 mtíf «2U1 . 

AJC»*,-*:, -2SJJ-J2ÜJ--291 J. 
Thc kinci»? cncrgy of ihc bulkt dccrcusc* by 291 J, 

(c) Immcdiaicly aftct ihc coIlUion thc «peed t»f thc block (t L40 mi *o iu kincitc cncrgy ñ 
A a -ft-t- » kg n L40 mil - J 

EvaUiaTE: Thecollüton ¡«hiyhly mctatk. The bulkt lotes 291 Jof kinctk cncrgy bul onry 0*784 )ti 
by thc htock. thii mtimenium i* conwh cd in Ibe collUwn. Atl thc momcntum lo*i by (he bulkt U gaúicd by Ibe 
block 

IdevIwv: Apply conscrvainm of momcntum to thc coUiüion and conicrvition of cncrgy to (he motionof thi* 

blOCk «tftCf Ibt vOlllSKTJl. 

50 UP: Let < + y be 10 Ihc right Leí ibe bulkt be J and the bloek be a. Leí I bc Ibe vctocity of me block just after 
(he colisión* 

I \n 1 n : MotionofbtockAtterthecDlliiwo: K^V^. ±m¿'* =m¿gí> 

V » - J2Í9.80 mv)tf0.45OKlO-* m > ■ 0 297 m * - 

Colttáon; >v ; - 0.297 m * i* - A 4 give* njr s - «Ai * m^i . 

(5.00x10 1 kg«450ros)-<LOOkg)|0 + 297m 1 s) 
— ■ — 391 itv*# 

m A 5.00x10 "* kg 

Evalúate: We aiaime ihc block move* very liltle durinc (he time 11 takc* ihc bulkt to p»«¡ through ü. 

U5L iDEvnrv: Eq*. 8.24 jtk! K.25 give thcoutcomc i>í ihc cta*tk colh&ion Ihc valúe of \f whete thc kinelk: cncrgy 

lou A"., of ibe neutrón i* I máximum MbflM rfA\^ 'JA/ -0. 

51 r Up: Lct objeci A be ibe neutrón and object 8 be ihc micku** Leí (he imual *pccdofthcncuironbc v M . AJI 
moiion i* . I' 1 1' (he ixív A \ ■ - wn ". , 



-.1*1*1 1 Im 1 */ . 4A>iA/ 
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nal (u be Amn. 

(b) - 4Km\ ! — ¡ r — — lili— -0* ^ J - I jind A/ - m ♦ Thc mcidcni tieuttun l<KC«ihc nwn 



kincifc? energy when thc tarecl hj^ ihc «ame nu» ai the neutro ra- 
le) Whcn m. ~ m t . Eq. S + 24 ni ¥ M - 0 Tbe final «peed of ihc neutrón « /ero and ibe neutrón Io«m .1 of ir* 



EvaUiaTE: Whcn M »m, v A w-v^ and thc neutrón rcbnundi with ipeed ilmort equM 10 ¡ti inilial ^iced. 
In Ihb ea%e very littk kinetic energy 11 leal; *4iCm\f 9 wbich 1% very «nuilL 
Ué. lofAim: 8.24 aod 8.25 giw thc outeome of ihc clatík colli«ion. 

Sirle: LetallmcmoiionbcalongthevAxb. m » § , 

e xkcit e: (■> = I m *~ m * L 0 wd v í!f = f ^ k - ^ ■ r"^ * 



I-,— J K-.™,)' K-.ni 



A. A, A, V A. " 



MoiDcnfura, Impulse* and Culturo»* 8*27 



K t K t 2 \ m A ■* m 0 f 2 
2m* *2ntj ~4mjitj ■ <w¡ íl»^ + jW¡ . — n . ■ ¡ . -O « The quadraiic formula gives — 5.83 or 

—¿■0.172. Wc can al« vertfy thai Ihcsc valuó gm ^ = - . 

EVAUurE: Whcn m ( orvvhcn m¿ »ai¿+ objcci.í rclains almosiall of thc original kinetic encrgy, 

8JI7. loevtWY: Appty conscTvalHm of cncrgy ii> Ibc mobon of thc packagc before thc collision and apply 
conscrv ainin of ihe horizontal component of nioMt^nimit to ibc coChsiou. 

(a) Su l>: Apply conscrvalion of cncrgy lo Ibc motion of ihc packagc frotn poini I as it Icavcs thc cbulc lo 
point 2 jusi before il landi in thecart. Takc y-Q al poinl 2„ so y, = 4.00 ni Ünly gravity docs ttorL so 

K u( i rt : jm\f t mgy, ■ f . 

(b) Sr.T I -p: In thc collision bctttccn ihc packagc and ibc can momentum w conserved in thc horij-onial direction. 
{Bul not in Ihc vertical directian* duc lo ihc vertical Ibrcc ihc floor exert* on thc eart.) Takc n to be lo thc right. 
Leí A be ihc packagc and 8 be thc cari. 

I \n i I 1 : P í isCORSlant g¡YC3 *>i ,i , . ' m.i , i m ( *« fc )v Jl . 

^ -5.00 nVf . 

v A =(3.00 m*|cos37.0 T . (Tbc horí/ornal velocity of thc packagc » consiant during irs free-ralf ) 

Sol vine for i\ . give* v tí = -3.29 rn/v Tbc cart is rnovinu to thc Icll at 3.29 nV« after thc pactauc UnóH in . i 
EyaJ-Iaft: Thc cari isskiwcd by it* col tu ton witb thc packagc. vvhoic horizontal cotnponcni of momentum u in 
thcopposilc dnection to thc moiion of thc can. 

iDcvnrY: liq*. K 24. H.25, and 8.27 give ihc outcomcof ihcelasticcollisícm. 

Str Up: Thc bluepuck isobjccM and thc red puckisobjcct 8. Lct *.vbc thcdircctionof ibcinitial nxiitonofH. 
v^, *O-200ms, v,j ( =0.050 m* and ■. " 

Ku:c t u: MUa. 8.27 gtves v ffíl ■ f-i* -v«. =0.250 m*. 



(b)Eq> HJ5 S ÍTOirr,=^2^-lj = ^^ 

Evaia afk: Wc can vcrily ihat our remití give A r , ■ Íl * and - f. , at required in an clastíc collisíon. 

(a) iDEMirv and Su Ur: K íy^vj. 

Une - 1 ■ v and !■ - ^ i loreplace v, and v¿ m thu equalion. S'oic r t and i\ a*dcfmcd m ihc 
pn^>tctn are Ihc ve loo lies of A and B in coordínales moving wiih ihc center of man. Note also thai 
m ?A * m * v \ ~ where i** 4 is thc vcloctiy of thc car in Ibcsc coordínales. Bnt Ihafs /ero, so 

rn y, + m^t\ =Ct wv can use Ibis in ihc proof 

In pirt )b), use ihai P ís conterved in a colliiton. 
EXKCITTE: Pj"í!i 4 P rf i so VÍ = Vj ti¿*2r, -r^. 

fWc havxr u^cd that for a vccior A**Á Á) 

Bul -.W and as no*cd eoriier "//«^iO, so Jí «¿M^ ^i^iiry'^w^J. Thó is thc resuJi thc 

pn^>lcm askcd us to derive. 

(b) E\ ALUATE: In ihc cotlision P ■ Jff — is corutanL so yAA^ slays constani. Thc attcroids can lose all thctr 
telalrvc kínetic cnergy bul thc 



H'2* (hapirrS 



8,90. iDt.Min: lo .vr tkttrilratiiiítftaiK^^ 



Si:f L'p: Let * rbe upward. Le\A be Ihc large boíl and ffbc tht mtoJI hall sd i fr a-r and v 4|> ■ +v . I f roe 
bree bal! ha* much grcaier man ihan thc small ball iu «peed is changed very liltlc in thc colliiion and v ( . - +*■ . 
I \m i 1 1 : (■> v ííf -v Ait ■h(v^-v 4p ) g>ve» v rtt »+v ili -Pj,, « p^-p)+v = +3p. The «nall ball 
move* upuard wjth *pccd Jv aAcr (he colli&ion. 

(b) Leí A, be ihc hcight Ihc anal I bilí fcll befoce the colimen, Con^cn Aikinoftfmrgy apr>Jicd to ihc ntmion from 

thc «lew point lo Ibc nocir give* 6', = JC¡ and rftfA ■ t^v 1 . ^ - i_ . C<k»ci>tu¡cci of energy appbed lo thc 

mol ion of thc small ball fnxn iirancdialcty alicr Ihc collition lo ¡t* máximum hcivfrt A (rebound di-tiancc) give* 

JCj ■ V t and 7«*i(3p)' = mgkj . k, - — - 9j\ . Thc Ki . L\ rebound dUtance W ninc ume* ibe dutance it fcll 

Ev aufaTE: Thc mechanieal cncruy uained by thc Mnall bull come* from thc energy of thc latee hat). Uui lince 
thc large ball'x maw i* much largcr it can gívt up ihi* energy whb wry liltlc decrece in «necd. 
8.9 L iDt-vrtFY: Apply conscrvaiion of momentum to thc syxicm comiiting of Jack* Jill and roccraic. Thc speed of 
Jack or Jill rclatrvc lo ihe ground will be dillcrcrvt from 4.00 rn*. 

Skf UP: Use an inertial coordínate i\tfcm aitachcd to thc ground. Let fcr be thc direction in which Ihc ncopic 
jump. Let Jack be objccl A. Jill be and ihc trate be C 

EXKCi;ru (aMfibc final *pced of thc crale isv. i; it . .-nd r^'i^ ■ 4.00 m<% - r . IS*"JL givet 
+*V* í **V>V i j»0. ' 1 1 11 ] 1 1 1 1 »*l45 + 0ksH4 + 00mi-v>*(ISOlLgK-i')-0 and 

r _ (75.0 kg > 45,0 kgM 00 mfr) _ , ^ m ,_ 
75.0 kg + 45,0 kg-15 0 kg 

(b) Leí v be ihc ipced of ihc cratc after Jack jumps. Apply moiTKnlurocoracnationto Jack jumping: 

1 75.0 kEtt4Mm-*-^i + 1150.0 kcH-* 7 l-0 and íf ■ ^ 5 J kg ^ 4 " 00 ■ 2.22 m i Thcn apply momemum 

135*0 kg 

con^cr^aUon lo Jill jumpinjz, \vi(h i bemy. thc final %pcctl ofihc ctatir /' -/*. v\\c± 
(60.0 kgK-v ) = (45.0 kgH4.00 ™* (150 kgX-v) . 

(4SOkgK400ro*)*<600kg«222inO _ _ _ . 
v- 5.22 na*. 

60.0 kg 

(c) Repeal thc cakulation In (bl. but now withJil) jumping fnsi 

JiLljump*: (4><l X 4.Í.MÍ m* - O - ^MlOky< -i 7 ) - 0 and r*-]J3m*. 

Jack jumps: (90.0 kghW) ■ (75.0 kg)(4 00 m s- p) + (15.0 kgH-v) . 

(75.0 kg)(4.00 m %) + (90.0 kg)(L33 m ») ^ ^ ^ 
90 «kg 

EvaJ4iaTE: Thc final ¿peed of thc cíate U greater when Jackjump* firM t thcn Jill. In thi*ca>c Jack lca*v* with a 
speedof 1.78 mirclati^v lo Ibcground, whcrcai when Ihey bolhjump limuhaneouxly Jack and Jill cach kave 
with a speed of only 0.44 m* relat¡« lo roe ground. 
8.92* Iptvim: Miimcntum » con*crvcd in thc expkHÍon. Thc lolal kinctic cnergyof thc two fraginents ñ Q. 

SKr Up: Let ibc final ¡tpccdof thc two fragmente be v, and t\ . They mu*t tnoxc in oppcuiic dirccliont after ihc 



Exv.CtTt: (a) Sincc thc miiial momentumof Ihc iy**cm t% /cfo. con>cr\auon of moroemum %ay* m M v t — ttt k \\ 



— ■- — 



"ffl, ■ffii 0i > t i vi í m 



(b|lf *u¿ -4m, . thcn K t ~—Q and /V, - ji7 . Tnc lighlcr fragroni gcís Ktr\ of thr cncípy thal i* relca*cd. 

EVAUrATE: If m A mm 1 Ihc fragment* *bare thc energy cquilly. Inroeliroil ibat a - »jit^, Ihe lightcr fragment 
cct& almorí all of thc tclea*cd energy. 



Moraertim, Imputo, and Colhwn* 8-29 



8,9J, iDEvnrv: Appty conservaiion of raumcnturn ti> the *y*lcrn of ihc neutrón and iu dccay product** 

Si: t Up: Lct ihc proion be moving ¡n the ta dircelion with *pccd r p after ib: dccay> The ¡nilial momcnlum of thc 

neutrón i* .cero, %i> to conserve rnuenentum ihe cieciron musí be moving ín the -x dircctum atíer the dec jv. Leí thc 
■peed of thc eiecinm be v , 



I \m 1 1 1 : f{i B fii : ' L * ^~*W ~ B, i*. an< ^ *# c l ^~J*V* The total kinebe cncrgy after ibc decay 

Thu*. ! = ! 5,44 * 10^ - 0.0544% . 

l + n^X I + 18J6 

Evai.i "ate: M*»i of thc rclca&cd erjcrgy goc% lo thc electrón, lince il u much lightcr than ihc protón. 
8.94* loixnrv: Mccncntuni 11 con*crvcd in thc decay* Thc rcsuli* of Problcni 8.92 give thc kiaciic cncruy of 



I-e: Lct A be thc alpha parlóle and leí be thc radium nuek-u*. 10 m M »i, ■ 0.0176 . {? ■ 6 + S4x LO 11 J . 

EJDXirre: JtT - ^ _ &54*M> ¿ = 6.43*10 1 J and A' -0.1 Ik10"' j j\ 

A t + m A fm M 1*0.0176 * 

EVALUATE: Thc hufciet parlóle reccivei rnoat of thc rclca>cd cncrgy 
8*95* lot-MiH: TYk monten tum nf ibc lysicm w contened 

Sir Up: Lct * -V Ní to ihe right. P 4 « 0. p„ , /J^and Are ihe iraimcnlaof thc electrón, nolonnim nuclcu* and 

anhncutrioa* rcxpectively, 

EXICI n: -*L glVW P„+P»+P„*°- P^ '^tpj- 

^ = H5.Ó0*10 B kgra^pJ0*i0*^ 

Thc anúncutrino ha* mumcnium tothe Icít with magnitude L66xl0 " U^ras . 

EVALUATE: Thc antineutrino inicraets very weakly «ilh imttet and mos| casiry ihow* ¡ti prctcncc by the 
momcnlum ¡t carric* away . 

8.96. iDEvnFY: Mixticntum componente in ihct and ydirecuoro ate sepárale tv consened. For auclatfic collihion 

Ser UK ^"0. flf (J coieí % v^s^rtifl. ^■-v^mihi. 

nn*r7t cr» - I ♦ fucany Aitglc 0 . «n(a # ff) 1 . > 1 . ■ 

ExEcrrE; 1.0 P ít - P lt give* n a v M - m ,v,_<o*« » m M r éi c0*fl - 

P tt -P ~\-<- - 0 - 11; 1 . -.i;. 11; 1 t ^1:. ]' . 

<hi ■¿i^«»¿i^c^«+j^^cnr^jff+3«i^^j a cwffM|ff «d 

0- m*i ''tm'fl '■"i^Íj *in' /J-2w. ( ni. l ^ ^1^ : .sin«*iit// . Adding thetc two cquation» and u*inc thc tríg ¡dentibcf m 
the Sirr UP rtcp ff»vc* mi^i, -íh^** ; ^ wti**j * 2m t m M y Ai i^¡co*(tt * /í). 

(¿ ) m A'. %ayi tAi^v^ ¿Ím,»*^ *T n, ** h ¿j ■ ^h tf rcuilt in port lb>igrcei with thó eaprwion only if 
coo^r * /i 1 - 0 Thí* requirc* that a /J - 'ítr - -1 «J 

EvAi-i "ate: Thc rvvult nfpart <e)say% thai the two prolon^ move in perpendicular direciHiru dita ibe ctrllüion. 

8.97. |Di>7m and Set Vr: 



o.. 



Figure M7 

and *p are contened in thc collisiun vanee thc re k nuexicrral horizontal forcé. 




8-30 Chaptrr* 



The residí of Problcm 8.96 parí (th applic* bcrc unce thc collbion i* cla*tic Th¡» sav* thal 25 O' i tf, - W , solhal 
^ ■ 65*0*. {A and £ mnvc off in perpendicular dircelioo*.} 
EXEti n : P t ta conserved *o *,v í;i »nr,v jj( * j v «, * 

Bul «r, - u> v m ~ i h <J co*25.0 , +v¿ i i»*6S.O*. 

u corncrvcd %o M/^+WA, *av'ji. . 

O^v^un 25.0*- v #¡ nn 65.0* . 
v r ^(*n 25.0^*1005.0*)^ 

„ . . _ „ M fnn25ff'co*65JPl 

Th« resuh i(i thc mil iiiiiIiiiii gira v rt ■ i ,. coi 25.0**1 v Al . 

\ *¡nn50" } 

v A = U03r (3 . 

v ií «v JI /l.»3«(l5.0 nr*yi. 103- 13.6 m*. 

Andiben -r>n25,0 p .*ni65.O s )(l J.6 nv*) = 6.34 nV*. 

Evalúate: Wconu«:oüroümcricalrc*uluuiihe* ihai Kf - AT, and dial ■ ..! íf r -l^ 

8.98. lo*~viuv Sincc ihcrc i* no fricción, thc horizontal componen! of rnomeotum of thc *y*tem of Jonathan* Jane and 
(he *lcieh ¡* conserved. 

SO i y. Let ** be lo ihc righl. w Á - H00 N t m M - 600 N and h; ■ 1000 N 

1800 NhM5 00 nVikoiJ0.0*}*<600 XH+fTJ» m.^ Ico* 36.9*1 . M 

Vri» - -0.105 mil . 

I000N 

The *louh\ vchxiiy i* 0,105 ms. tothe IciY 

EVALUATE: The vertical componen! of ihc motncnlum of thc sysicrn conniting oflhe iwo people and ihe *lc¡gh 
t* nol comerved. becauicof thenct forcé cxcHcdon Ibc dcighby the*cewhilc Ihey jump 

8.99. lof-Mirv: In l:q. 8.28 creal cacb itraighl piecc a* an objecl in ihe *y*lem. 
Su LjP: Tbc ccnicr of rna** of cacb ptece of length L i* al iLs center. 

E\*;c ife; M I' rom ivmmctrv. thcccnicr of ma** h tm (he vertical a\i* t a disiancc l¿ '2)co*(ai'2) bclow thc 



(b) The cerner of ma** ¡s on ihe vertical jai* of*ymrnclry, a dislance 2(¿**2)/3 = ¿/3 above thcccrtlcrof rae 
hcctcontal *curncnt. 

{<} U*ing thc i*irc frame a* a coorútnatc ivilcm. thc coordinóte* of Ihc center of mas* are equal and cacb 
co (£/2)/2ftI/4 Tbc ccnicr of rnai*i*alonglhebiictiorof ihc anglc* a di*iancc L.'JÜ from Ihc comer 

(d) lly *>mmetry, ihc ccnicr of ma» i* al ihe cenlerof ihe cquilaieral triangtc a di*tance tS.'3)%inffi i ~ Li JÍ2 
ábense ibe cenler oí thc bori^onul ¿cirmcnt- 

E VALUATE: Thc center of ma*i oced ool Ik oo my poini of Ibc objecL ii can be in crnpty space. 
8.100. lofAim: l^iere i& no net hori/onlal extcrnal forcé v m iicon*iant. 

Skf UP: Let * x be to ihe righL wiih ibe original ibc inilial po*Ítíon of ibe lefíhand end of thc canoe. 
m ■ 45.0 tí t ni - 60.0 Uc . Ihc center of maw oi thc canoc i* at il*cenler. 



EXf.CUTE: Inilialty* v -t - 0 , m Ihc center of ma» docan'i move. Initially. i ml - ' Aí jXjt . Aflcr *hc 

walkt. y m j ■ I * J J JJ . x rfJ ■ a^ gK^c* nt,* 1 ,! * ■ nt^* ♦ ni r r t j t Sbe » jILv lo a poim 1 .00 m 
ihc h^hhhand end of thc canoe + *o *he ii 1.50 m lo thc right oflhe cenler of mai*of thc canoc and 

r45.0kgHl 00m}t(6O.0kgM2.50 m)-(45.0 kgKar„ +IJ0 oi)*(M0 kg*r„- 

(105 0 lcg)t j; -127.5 kg rn and ~ \2\ m . x tí -x M ~ 1.21 ro-150ro- -1.29 m . Thc canoc move* I 29 ra 
lo ihc lefl 



Momentum, Impulse, and Colliuon* 



EVAUiaTE: k T .1 . woman walks tu ihc righL ib: cano? move* lo ibc left. The uomm wilk* 3.00 m lo ib: 
righi rclalivc lo thc canoc and Ihc canoo moves I 29 m lo ihc left *o *hc moves 3.00 m- 1.29 id- 1,71 m lo thc 
rigbi relame to thc water Note ihat this distancc u 160.0 kg '45.0kgHl 29 m). 
0.10 1 . Ideviot: Take at thc s)sicm you and ib: *lab. Therc » no horizontal ¡orce, *o horizontal rnmentum tí 

conserved lly \<i 8.32. P is conitanl i 1 ¡x comían! flor a systcm of constant ma*s). Use coordínale» fixcd to 
thc ice* wilh thc dircelion you walk ai thc x-dircclioa f m tí constant and initiully t M — 0. 

» 

- b - 



Figure 8 JO! 

+ ui 4 r t ■ 0 * 

«v + íir v ■ 0 . 
f ** * •* 

v M =-(m^>'5*iJ2.00 ni ¿ -0400 m. 1 *. 

Thc ilab moves al 0,400 m v m ihc dircelion opoositc lo ihc direction you are wilking, 
EvaíxaTE: The mi tul momentum ofihc iyslcm i* zeto. Yougain momentum in thc tt *dircction «orne 
gaim momcnium in thc — v-dircoion Thc ¿lab cxcrlx a forcé on you in ihc »x*direebon u> you excr 
thc slab in Ihc -xdircclion- 

*. 102. Ioíaiim: Comcrvation oíx and y cocnponcnls of momcnium applicx lo thc cotlUion. At ibc hmhcsi point oí thc 
trajectory ihc vertical component of thc vclodry oílbe projeelile t% /ero. 

Si:r l. p: Lct * y be uptvard and 'xbc hori/onial and lo ihc right. Lct thc two fragmenrs be A and B, each with 
imiw nr. Fot thc projeelile bclbrc Ihc explosión and thc rragmcnix afler thc explosión, a. -0, a t ■ -9.S0 mis* . 

J! \í t l fe: (u) i** - i¿ # + 2a r (t - y t * wflh v - 0 gíves thal ihc nuximum hcight of thc projectue is 

a— — - - (I^Q'Q m s|*in600 ) _ 2¿j f o ni . Jusi bcíorc thc cxnUu*on Ihc proieeitle i* movinir lo Ibe riíhi with 
2a. 2<-9.80nV*') 

honxontal veloeity v - i f Sf = t^croóO.O 4 = 40.0 ras . Aftcr ihc explosión v — - 0 since fragment A filis vcrtically. 
Conscrvalion of momcnium anplicd lo Ihc explosión gíves i,™hW.O m si - m\ t and r A - M) (i un . 
initíal vertical veloeity xa y— y tí = v 'i ' give* a timeof lall of 



f = L — ■ m f~ ■ ■ 7.07 x , Durinu thu time thc fiaumcnt traveU hori^onUlly a diitance 

^ a, V -9.80 mV 

*¡*t*.i> mi»;?.0? í) - 566 m . It abo look Ihc projeelile 7.07 % lo imvcl from launch to máximum hciwht and duting 
thb time ii traveU a horuontal dibiancc of i[Si).Q m*]cot60.i>K?G? x> - 2H3 m.Thc second fracment bndx 
28J roí 566 m-S49m frotn thc firing potnL 

ibtFortheexpIcuKtn, A', -^(20X1 kgK40.0 rr* 1 *) 1 - L60xl0* J . JC, » j(l0.0 kg«80 0 n* 1 *) 1 » 3.30 n 10* J Ihc 
cfwrgy relca«d in Ihc explosión ¡* 1.60*10* J. 

EVaUjaTE: Thekinctiecncrgyoftheprojectilcjuit ancrilii launehcdix 6.40x10* J . Wc can calcúlale thc 
specdof cach íragment juit befon: it ttrikes ihe ejound and veriry that ihc loial kinetie cnergyof thc fragmente jtüt 
bcíorc thcy «rike ihc c/oundb 6.40x10* J 1 1.60x10* J -8.00x10* J . Fragmcnt A ha* xpecd69.3 nViJusi bcíorc 
j| itrikex Ibe ground. and henee has kinetie cncrgy 2.40x10* J . Fragmcnl B hai tpced 

^iR0.0m |h s) ; t<69.3m h s) J =105 it m/s Jurt beíore it Mhfces thc grttund. and henee ha» kinclic cnergy 5.60x10* J 
Abo. thc ccnttr oí mas» of thc *y*tem has thc *amc bon^jnul range út*2<i i - Sh5 m that thc projectile 

would haw had ¡f no explosión had oceuned. One fragment landx at R\2 «o thc oiber 4 cuual rna^t frajmicnt land» 
at a di&tancc 3PI2 from thc taunch poini. 
8J03. Ji>i Mit\ : The rocket mo\ h es in projeelile motion bcíorc thc cxplomn and its fragmenta move in propcctilc 
moiion aíter ihc explosión, Apptv con*cn*ation of cncrgy and conicrvainm of momentum to thc explosión. 
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Srr Llp: Apply coattrvation of cncrgy to the explosión Jun beíorc (he aplmion the *hcll isaiite 
hcight and ha* /tro kinctic cncrgy- Lct /J be thc piece wilhma** I -40 ku and ir be thc piece with man 0.2S kg + Leí 
v + t and v¿ be ibc ipced* of thc two piece» imnicdialcry aAcr (he coUi*¡on* 

SKr UP: Sincc Ib: taxi fragment» rcach ihc ground al ihc*amclimt. meu-velorilie*jittlaftcr thc explosión muit 
be hori/onuL Thc inilul momcntuni of ibc *hcll before thccxpkniun i% zen». «o afler thc c\pto*>on ihc ptcecs mu*t 
be moving in oppo»iic horuxmtal dtrection» and have cqual magnitudc of inomcniunv «» ,i r ( -«v;. 
Exm t fk: Use ihi» lo elimínate ip. in thc lint cuuation and *olvc Ibr v*: 



rrtí.-^C tm t .w ( )■ K60J and i',-7l6nV*. 

Thcn v.-l^.m^lvj-iaJm*. 

(b)SE¥ UPt Ujsc ihc vertical moiton from Ihc máximum hcight lo ihc ground lo fmd ihc lime ¡t lakex thc píceo le* 
fa.ll ti> thc enwnd after thc cxplo»ion* Tafee +■ y ckmnward. 

Dunnt? ihi* lime thc horizontal dUiance cach pieec move* i* x a ■ vj ■ 57.8 m and ■ v+t ■ 289.1 oí. They move 
in oppoaítc diicction** *o they ate x A + x t ■ 347 m apart when they land. 

Eyaji AFt: Fragment A ha» more mas* *o it a moving *lowcr right after thc colli»ion* and (I traveU hori/onUlly 
a smalkr düiancc ai ¿I ralis lo thc ground 
8.104. iDEvnn: Apply conNcrvai™ «f mirmcntum to thc roU¡»íon. Al thc highert poinl of it» inyector) me sbcll i» 

moving horuontally- If une fragment rcccivcd uimc upward momcnium in ihc colh*¡on. thcothcr fragment woukl 
J lo teccive a cknvnward cooipcmcnf, Sincc they cach thc ground at ihc unte time, cach muM have *cro 
velocily immcdiaiely aAcr thc explosión^ 
Skf Up: Lct '.y be horizontal* along ihc ínilial direction of rnoiionof thc projcctilc and kt *v be upward. Al ¡ts 
máximum hcifjhi thc preycciilc ha» i\ ■ v coi 55 + 0" ■ S6.0 m 's . Let thc heavier fragmeni be A and Ihc lighter 

Tragmeni be 8. m t - V.QO kg and m¿ • 3.00 kg ♦ 

Km:c t tk: Since fraement .1 retumi to thc launch pv»nL immcdiately aAcr thc cxpkk»ion it ha» v u ■ -S6 H 0 in ■» . 
CotiNen aittm of momerilum applicd lo ihc explosión givci 

<12OkgK86 + 0m*)-<9 t 00kv;* mu» m m * * i (H*ki f> and r ft - 602 ros . The horíronlal rangeof thc 

prefeelile, if no explosión oceurred^ iaoiiU be R - —ün{2a 9 ) - 2157 m . Thc horizonul di»tancc cach fragmeni 

C 

traveh ii propon tonal to il\ initial «peed and Ihc heavier fniumerit travcU a horü&ntal di»tancc R 2 - I07S m ailer 
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thc cxp4*Moon t mi thc ti^hter rr^gmeni liaveli a hon^ontal di-%iancc j UI07& mi ■ 7546 m from thc poinl of 

V S6 m ) 

cxpkmon and 1 07X m » 7546 m ~ S624 m from Ihc Uuneh pomt. Thc energy rcleaied in ihe cxplcnion i» 
K. - K - ¿»*Hif) kgHK6 íl nny t Lil 00 kyitr^O -^iL2.d kgHSÓ.O <n*) J =S J3 *íJD* J. 

Al t ".\Tt: Tnc cerner ofmjw of iheiyitem hai thc same horí/unial ringc - 2157 m a»ifthccxpioaion 
didnHoecur. ThUgive» U2 0 kv m2 ] 57 mi -(9.00 kgK0)-> (3.00 kgi^ and d - 8630 m . where d is thc 
from ihc launch point lo where ihe liehicr fragment latid** Thb agree» wiih our calculalion* 
8.105. lof.MiM: No exiernal forcé. »o P i» comerved in ihc eolliiwn. 

Si: t I.'p: Applv momenturn con»cnaiion m ihc x and y ihrection»: 




Figure «.105 

Solve fbr v and r,. 



Maraentuin, Imputo, and tollitionv JKU 



ExictTK; i* conscrvcd w mv 9 iw)v,coi45 ff + v, coslO** YjCos30*). 
v # - v f coa 1 0* - co*43 4 + v ; co*J0° . 

#! bcontefved*o 0-m(i;*ÍD45*-VvOnW<nv>¡ol(r). 

i> ritfp ■ v : *¡o 30* - 347 J mf% . 

wn4S^cc*45**o 

10HM m*^v ) *ÍD3iy 9 -347Jinn^M>J0 e . 
10304 n'ítM7J m'í 



■ 1010 tns 



Andihen v = r ** ll>w 347 J m * .. vn m v Thcn rwo ctmticd ncniron* havc spcccfc of 223 rn* and 1010 m* 
itti45" 

The specdt of loe Ba and Kr nucfci are rclatcd by P conicrvation. 
b comtani implica ibat 0 ■ m^v^ - 

«10 "kR 
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Wc can't %úy w hai the ¡te «peed» are but ihcy nuut *jtttíy thü rclation. The valué of r t dependson cncrgy 

JC J =4« t (2.0xlO l m < *) *>ij223nV»)%ÍA*Jl0l0ro*)%A' to *Jv; t *\\Z$xtlf lkg)a, i- A**, 

SVc dWt kxKiw what A^ and £ H , are, but ihey are posítive We will siudy socti nuclear rcaction* lunher in 

43 and will llnd thai cncri*v is rvlcascd m thi% proce»; A'. > ATi. Sonic of me potcntiaJ enersy Mortd w the 



U nuclcii* iv tdened a* nnonc ODcrn and ihirc<l bv the colín wn traaincttbf 



8.106. lof-Min : The veiocity of the cerner ofim^ of Ihc v\rtcm of the two btock* b giveo by Eq + 3*30* Comcrvation 
of mooicntuoi xvy% ihe cenler of ma» dwví% al consiaot *pccd 

Sti Up: v„ 4 - * - 0 . Ibe veiocity u in the ceoicrof mi Trame » relateü lo ihe veiocity r in the 
arationary trame by ál ™ - f _ . We cao exprés* k incite energy M AT ■ . 

(b) The cerner of mas» move* wiih consumí «peed so ihi* coordínate m itera is an incrtial trame. 

<*> ■ Viü - v_ = **** "ai. - »'«. - >W, ■ ~ * <" thi* framc /¡ , - m t tt n „ ■» mji áU ■ 0 - 

<d) P u -P u = 0 fftm P„ t + P Mt =0 and p t¡i + p MU =0, so p^ t ^~p iU »d p W( . Conwaübn of 

kmelKenerg> ^^^«^^ ^ Pw< n„d f^-^ pv« and 

2m A 2m A 2x» k 

P 4I , *t^..IfacoUw¡onoocura ehangeiand p au - Bul p MU ^-p 4U md =-p ((# ,so 

/\ d ■ — . lo the center of man ira me loe momentum and henee loe vekicity of cach puck keern ti 
mas^nitude and revenes dircclion 



J 0.400 ks \ 
- " 1 0.600 kg/ 



W v — " — ira ») ■ 4.00 . n ... ■ 6.00 mi - 4.00 mi ■ 2.00 ms - 



tr 4(t =0-4.00 nai- -4.00 m*. «u.i-M't ms and aj^, - *4O0 na» < 

r*. = -100 m * * 4 00 m * - 2.00 m< . i -j- n -iftim^4("imi-H.0ümí 



■( 



0*400 Us-i) 200 kc 

S.24 say» v flll -1 £ TÍ6.0Q mil - Í00 mi . E=q. R.25 says 

0.400 fcu * 0.2ÍÍ0 kc 



:|o.4i» kg.| — 

1 0.41X1 ke*O.:fJ0 L ? l 



B-U Chapter* 



E\ Aii afE: Eqi, K.24 and 8.25 upply only whcn v H -fl. Tbc reiuh that thc \clociiy of each nuck in (he ccntci 

of ira» framc reverle* dirección und rclain* ihc «orne muenitude apolle* (o all clu\t>¿ colh.Mon*, cven wben bnih 
jjv movng imiially- 

8,107. Id^mih urtdShi (jp: Applyc<m*crvulio& ofenergy to fiad (he (otal encrgy befe» and afta ibccotlüion with 
(he licor from thc initial and final máximum hcighlft* 

Ia¡i i ii: (u) Objcci* itkk togcihcr uy* (hut ihc rclulive xpeed ufler thc colIiiio& »t /cm. *o t - 0, 

(b) ln un clutfic coUUion thc rcladvc retocity of thc twobodic* hu* ihc turne mucmiudc before und uíict ihc 
collisiun. M) <=l. 

(c) Spccd of ball ju*i before colliiion. mgfi ■ yflnf . 

Spccd of full ju-ci jltcr colisión: awx'^t^'!' 

The iccood objeet Ithe vurfacc} is *taiKinaty* na * «Vj/i^ - /A. 
{dlt-ffiTk implie* //, -A* 1 -(l.2m)(08S) ! -0.87 m. 

Generalice to M^-M^y -fu** -ht**. 
(0 Küi Kmiwc impucs « - 8. 

E\ Ai-i afe.: c U ñ mcdiure of thc kinctic encrey lott in ihc cotlixion The collision here i* bcuvccn a hall und Ihc 
carth Momcnium leul hv ihe bull n guined by (he carth. but ihc velocity uained by (he carth i% very *mall and can 
be laken tr> be /en>. 

[L>l.\ I Jt \ : \:.-nLr.ru:n .■- nonwr* j.I :n :hc volliMur l"i>^Knjíum <*: Hierg} *ay* K A \ 

Sur te: Fot pan ib) let v, be me common »pccd of each atom before ihc collUion and leí t ' and *, be ihe 
vclociliciaftcr ihc collUion of thc molcculc and ihe aiom thut rcmain** "i - 1 .67 ■* 10 : ka ti thc mu» of one 



OlCim (u) In thc cerner ol tra** irame P u -0 so /J t =ü and v^bO. Uui mlhis 
dccrcatci and (he kinclic cncrgy incrcaxcti Tb¿» i* incomiilcnt wiih fC ÍM - t^v^ - 0 . 

Ib) llelbre thc col lisian v B - 0 . After ihe collision thc molccuk and rcmainóig atom move in oppo&iic dircciion* 
ind (2>)Kb« ; v . a 2i' . Comcrvalion of «ncrgy give* U2m)V : +±*v¡ =MT*nZy* + A. Wilh v. = 2*' thú 
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bccomci V — . V -JUlMxXQ* m*Y t ' ■■ -UO^IO* m% and r, - 2i' - 2,40* 10* mt*. 

2m y 3(1.67*10*") 

EvauiaFE: K =3(-lim¿|- 2.50x10 ÍJ J «wbích U much leu man (he bmdmg cnerey of (he moleeutc, Othci 

inilial condilions abo leud lo moleeule lbrnu(¡on; iheoneof xero ¡niliul momcnium n jutl puriicularly tingle (o 
analyw. 

8J09. Ide.n n^^: Apply eon»?r\'aiion of cncrgy lo ihc moium of (he wagón belbrc me colliikin. After ihe coilixíon thc 
combined objcci movci with eonstant qiccd on (he Icvel eround* In Ihe colhxion (he horuxintal component of 
momcnium h conserved, 

Si.r Up: Let ihe wugon be objeet A and treul (he two peopk logciher ui objcci B Lct u be horironlul und lo ihc 
righi. Lcl V be rbc *peed of ibe combined objecl after Ihc collwion 

tvn i u ' ta) Thc tpeed of ihe wugon jiftlbcfbre thc colbiion ü giwnby comervation of encrgy upplicd (o 
(he moiion of thc wagón prior to (he eolluion. V % - K. %ty% m t g {[$0 m||iin6 + 0'|) -y*>,r" lt . v ty -10*12 m-'» . 

R. - A. Ibrlhecolliíionsays m+v Al and r=í 300kg 1(10.12 otó) «MK m* 

*' " ' 4M * * \3O0kg<75Okg*60*0kgJ 

In 5,0 * ihc wagón iravels (6,9& r.i s*i5 0 s i - 14 9 m , and ihe neople u dl huve time tojumpout of ihc wjgon 
before il reacbes thc edge of ihe elríT 



Uonxmunv Impune, and Collition* 8*3S 



(b) For the wagón* AT, =^<30O kgHlO>12 mv*>" - 1 -54 ^ ICr J , M%amc ihai (he ti*o héroe* drop 6om a 

height. «i Ihcir kineltc c neiuy jutí belbrc ihc wagón can be ncglcclcd com pared lo A', of the wagón 

iC 3 «f(43S kgK69HnVi> 1 1 M . l ;■ :tii ei ■■. . the ly^cindccrcasc* by A K i ; > - H .' J 

EVALUATE: The **"ag**n dtms down when (he íwo héroes drop int» il. The mis* that i* movinu bori2ont&lry 
¡nereases* «o the ¡tpeed dccre&ic* (o maint&in ibe turne hori/onial momentum* In ibe colli-tian (he ventea) 
momcnium \% not conserved. bccau&e of the ixi external forcé due to the ground. 

8.1 10. lOEVtiFY: Ciravity give* a downward external forcé of magnitudc mg. The impuUe of (hii forcé couak ibe 
c han ge ¡n momentum of (he rocket. 

Sef V?z Let ¥y be upwaid. Consideran infinitesimal time intervalo In Examplc 8.15, v m ■ 240Q m * and 

— In I UBnpleKTó. m-nr. 4 afler I -90*, 

di 120 « 

J \n i te: (a) The impulw* momcnium theoretn gives ~ a M£<fr - l«r + t/wH 1 ' * iri*) * v^)-*n*, Thi* 

simplifica lo -mgdt ■ md\*+ y Jm and m—- —y ¡!HL~mg . 

di " <n* 

i/f "j Jr 

frj Al í-t, íi--^1— -12400 mi 1 *!!-— — l-MOnV*' ^102 m'%' 

<d) rfp - - ** dm - gdi . tntegraling cwe* v-v, ■ +¥ m \aü^.- gt . i* v -0 and 
m itt 

v- *i24«i nV*>hi4-<9 + 80 mV)|90*>-2445m>*i. 

EvajxaTE: Both (he inilial accclcration in KxampAc S. 15 and (he final inced of Ibe rocket in Lxampie 8. 16 are 
reduced by ihe prevence ofgnmry. 

8.111. iDf-Mtn andSETUr: Apply Eo. MOtoÜwiingle-*tagc rockel and to cacb itagc of ibeiwo-tfagc rockci. 

The total inilial man ofihe rocket i* ^-12,000 kg* 1000 kg- 13,000 kg. OfthU. 9000 kg + TOO kg - 9700 kg 
ifcftwl. wthcmuvwkrtdflctaU ibe fuel t* burned i* 13,000 kg-9700kg -J300 kg. 

v- v^lnM.VOOO Lg .IÍIJOIíb)- . 

(b) l ; irrt *(aee: v-v^ln(m fl /nt| 
nr v = lX0OOkg 

The lint tíavs ha* 9ÍHXI of fueL m» ihe itiats left After the finí sUgc fud h4» burned i* 
13.000 kg -9000 kg ■ 4000 kg. 

v - v a ln( 1X000 kg 4000 kg | - 1 . 1 Ki 
<t)Second«tagc: nr^-IOOOkg, m ■ 1000 kg - TOO kg ■ 300 kg * 

v»v. *v m b)» t lav^v^IntlOOO kg.300 kg)- 2M* m . 

id\ v-700km i 

- i : ^ M i , . . -2 + 94km s. q 

EvajxaFe: Trie two**lage rocket achk\ h ci a grcaier final *pccd becauic il jeiúoni the left-over man of the firvt 
*uge before the fecond-itale firei and th« reducen (he final m and incream u\ t / m + 

8.1 12. lotA'nrs: During an ínierval wherc the mx%% t% coiuiant the specdof the rockel iicon»iant + Dunng an intmal 
where the man i* cbanging al acoroiant mle 4 ihe cquationN of Sectíon K.6appty. 

StlVtz i ' i ■ — ^- + Fromlíxamplc8.l5, v A > 2400 oi'« . 

toOTIB i.olof i -O.For Oír S90 * , tq + 840 «y* v- (2400 m*íln4 -JJ27 mi. For } >90 * . v 

hai (heconMant \aluc 3327 m*. The graph of \{t) » civcn in Vtv K. 1 lli 

fl»>For0^S90^Eq. jJtgtoi 2400 ^ 1 20 ^ , tf = 20,W»l»D 

m d» « t> (l*rll20*l)l 120*í l-r[120ft] 

<asüi Etample K. 15i jnd a-80m<V al t~ 90», For r >90< 4 lj il The graph of a{t) ugiven inFíg, K.H2b. 
ic} The axironaut ha* the «ame acceleration a* the rockel. Thw ü máximum al t - 90 % and 

^W*(WWM«tf)«liitltf N .ThiiwK + 2 lime» herweighioneaxuV lince oR + 2 
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f.\ \i x Mi: The accclcraiiun inminct bctJUK ihc muí 



ivhilc thc thnrcl / ■ -r_ — rcmaim cimtant 

' di 



un) 
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Fifiir* 8.112 

ti 13. Idem im and Set Ur: <tm-pttl' t dV ■ J<A , S*icc ihc Uim ruJ lictakttg thc * i\u, v_+ -0 . Thc nuu* of thc 
rod i» ,■ ■ ni by Lf ■ J Jm É 

EXtCLTE: (■) J\d»r- — nj^-tiíi - — -i- Ihv virlumcuflbc niüuJ/. and U m p4l ♦ 

jy, — c — . The cerner *»l huí» t*f ihc unilnrm roii i> al ii* ecuircirical ¿enicr. miuVav bei^vcn iu enth 

IpAL 2 



THfelt'td 



EVAlXMf E: WTien ihcdcn*ity mctraic* with i* Ihc ccnicr of man u to tltc rijihl tif Ihc cerner uf tlie mtl 
1.114. locvnrv: — - J and i . — t n>i Al ihc upper lurfacc nfibe píate, i'^f** 1 . 

Sür Lr: Tu fínd fc_, divide Hic piale uno ihin iinp» paral kl ti> lív t «u. ai thowo in l ie. HT 14a To fínd f m . 
divide thc piale mlu ihin sinpt paral tcl (o thc t*axi*a4 *hpivn in Fie> si I4b + Thc píate lio* valumeonc-hilf iftaltif 
a circular duk* ki I - - t*i í aad «1/ 

I \ü i n In FigJ 1 4a cach tlnp tai leiifih y ■ Jj - i t _ - — J \rfm. where din ■ /■rtir* ■ ^'v**' ~ 1 



x 4 ■ i— J - i J i - 0. unce thc rr L .. ..m; i* .. odd funciun irf x. 3 0 bccau&c ul *ymmetry + In 

Fije IMbcachitnp ha* luicih 2i ^ - v : . - J-.f>aW t «hen da - 2¿*nrV - 2f*Ja* - \ J dy. 



J i ^i'.i ..' Thc inic^ral can be evaluated uung — jr*, íAí í -2nfY . Thu Mibmiaution giva 



E\ U LArt: — ¿0.424, r uleuilbaci *i.'2 t aicKpcvicd> «nev ibc píate becOMi mder i* v 
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8.115. IDEYIIIY: The work i* rebicd lo Ihe forcé by IF- J*fUr. Hio (otos Ihe percon nuui apply cquafc thc wcighl of 

(he hanging pórtico. Since thc rope U unilornv ihe ecnter of mawt of thc hancinc poriion i* al tu gcomcirKul 
ccnlcr. 

Sr.r UP: Lct c be (he Icngih of (he rope hangme over thc edgo and use coordinare* where (he origin i* al (he edee 
of ihe tablc jnJ *y i* downward. Whcn ihc rope n pulkd onlo thc tabic* r goes fn>m / 4 tozeio. A length y oí Ibe 
rope h&i ma» Ár . 

Euxerti: (u) Whcn a lenurii r hangi over the edite, (he penton musí appfly an unward forte 
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|b)lni:ull\. v -/ s Tbc work done lo raiie .1:1 object of ma*i .1/ a dituncc r u 
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EVAUUIT: Thc jjuwvr* from mcihod* (¿ti and (b) aeree. Thc c han ge m graviialional potcniial cncrey of (he 
rope can be cakruUtcd byconsidering all ík% itum acting al ¡ta center of mas^and (he work done by (he penon 
cquali thc incrca*c in jfraviiational potenhal cncruy of (he rope. 
M 16. IukvtoY: Frorn our analy*i* of molion wrth coiitlani accclcration. if r -at and *; is corutant, tben 

SliF Lf: Take v^O. * t -0 and lct * y dowmvard 

I \n i 1 1 : 1 a ) - — - a . v ■ ai and x - j*jf J . Sornlituoog mío xg a¿tv' gtvei 

1b) 1 - jat s = ±gt* ■ 7<9.80 nvi' M3.00 - 14.7 ra . 
i€}m=kt* (2.00 $ rnHM 7 m> - 29.4 g . 

Evaii vfk: Thc accclcralion is leu than # because ihe «nal! water droplcti are imualk' at rest* belbre ibey 
adhere to thc til II mu drop. Thc Mnall dmplcbi are snsienóed bv buovant forcé* that wc ignore Ibr thc 
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9.L lofAiin: .v-ríí . wiih & «iradianv 
StlVfz - ■■ I i<0°. 

Km:c i tí : (al 0- 1 - 1S ° m - 0.600 rad - 34.4 C 
r 2J0ro 

(b) r-— ■ "&27 cm 

(t) «srf?*(l.j0 mKOJOOndUL OS ra 

EvaLUaTE: An «ingle i* Ib: ratio of hvo laigüix ind U dimctttxmlcKt* But. unen * = rf i* uscJ + 
radiam* Or, if 0 ^&ir \% u*ed to calcúlate (ta calculación givei 0 inradians 
9.2- iDf-vim: 0 -fí, -aí. Minee (be angular vclociry iicoratant* 
Milr I rpm - <lr '60} rad* . 
ExtCUTÉ: (a) w-í1900M1t rad*60s)-l99rad.i 

35*^35^IMjV0.6llnd. win»>, 

199 rads 

K valva? t : Iií : ^ we muit use ihc «ame angular meaAurc (radiam* degrecs or revolutum&) for b*Hh 
and a». 

9.X Idevhft: <r (j) — — - * Wriling 1 161 ínterin* of angubr quanlilie* «i ve* 0-0 - \ a>dt . 

rfr J «i-l 

Excctf E¿ (u) A mu*l nave untlsof radsand 5 musí ha ve umu of rad 1 *' , 
<b> <fj-2flí-(3AlOradV)í\<Í)Fc» ' = 0. (ii) Fot f - 5 00 ^ -l5J)radfr\ 

^-^=(2.75 ndsH2M»t4.(L50 radi'xZOO i) 1 -9,50 rad 

EVALUATE: Both and r¿ are poutive and Ibc angular specd i* increatinu 

9.4. Iinsiin: a t * rf*tu /rfr * ■ -lll , 

toa nte w^o»**'»^ =(-L6o rad/* l v. 

<b) n (3 Di) (-1.60 rad/x'K3.0f)--4^0rad/&'. 

q _ „,<M ») - ^ W _ -230 ^-5.00 -fr _ ? 1ff n ; 

3.0 i 3.0 1 

uluch n half a» large (¡n magnliudc) a* (be acceleralion al í - 3.0 v 

EVAUUYB (J)incrco^hneariy withíirnc.ío - g ^°> tq ^3.0 1) a w _ 0 



Su Un 



9 i 



9.5* iDf Aiin and S#:r L p: U« Eq ,(9.3) lo calcúlale the angular veloeily and Eq (92) to cakulate ihe average 
muular vclociry for the specificd lime ¡inerva) 

I \n i i i : O-yf^fll 1 : ;■■ - I) 41X1 rjtl *. - 0.0120 rad.V 

dr 

(b | m ■ ^ = 7i 0.400 rodi 

ío M ■ : 11 ■ ai -0.400 nd>* + 3(0.01 20 taá^SMtV -1.30 rad* 

■ — — * 
A/ i s -i* 

Fot i, =0, ^=0. 

Fot 0, -5XHK 0* - 10400 rad*H5.00 *l* 10012 radVHSOO*!* -3 50 rad 
150 ni- 0 

t'\ vu mí : The average of the instiantancou* angular vclocilici al Ihc bcginntng and end of Ihe lime inlerval b 
¿■(0,400 rad 1 * + 1 .30 rad*) ■ Ü.K50 rad*. Th¡* \% largor iban ai,.. * because ai. (í > i* ¡ncreaMng farter ihan linear ly 

s a ¿f 

Ser Ve: -(250 rad/*|-(40.0 . . ; ¡ r . . . I . ■ a ( --(40.0 rad/* J >-<9.00 r¿d/Vy t 
Emxitkí (ti) Setimg o. - 0 resuta tn a quodiafic in i. The onty ptraitive ioot a i - 4.23 * . 
<b> Al r - 4,23 * , a, - -7g I rad/* J 
(c|At í-423*. 0-5H6rad-933rev. 
|d) Al r-0, a» -250 ncL 1 !* 

K% Al t ".\Ft: tteiwrai i - 0 and r ■ 4.23 * , <v dccre&ic* from 250 rad'i lo /ctti. ^ i* not linear ín f, so a^, « 
not mídway berween the valúen of at the bcuinrang and end of the intervaL 

9.7. Ide-mih: ai (i)- — . */ tn — Uic the valúes of tfand ai, al t - Oand a at 1 .50 1 ta calcúlate a. A, 

dt dt 

ande 

SfFLTP: l* - -*-* 
dr 

KWC lf flI (a» A*(M = »-3fr\ ^(/>--6ef . At / -0. 0-a -t. 4 radand <w - r>- 2.00 rad * . At / - 1 50 

■ '■.!'■! - 1 ,25 rad r and e - -0. 1 39 raeVs 1 . 
(b> ..i. ..I .".¡i.- eD. 

(el o -3.50rad* J at í«-íi = - — 3.50 rad- a _ ^ 

* óe «-0.139 rad.H'> 

0-1 rad*<2.00 rad*x4 20 *)-<-Ü139 radVk<4¿0 19.5 rad* 

n» ■ 2.00 rad* -3< -0.1 39 r ..!-.■ i ^ ■ ■ -9.36 rad*. 
EvaLUaTE: C ai and a al I increpe a* rmcrcaAes. 
dm 

9.8. lot.MiH: a m - — 0-0 § *ap^.í. Whco ai. is linear ¡ni. for ibe nrnc ¡merval to f 3 ü 

di 

ai t roí h 



Si:f te: From the informal ion givert ai.(í J- -6.00 radt t (2.00 rad* : K 

Cxkc l FK: (a) The angular acccleration ii jwmi¡\v. unce ihc angular ve!o?ity ¡ncreaa?» Mcadily from a negahvc 
valué lo a pouhve valué. 

(b) It takc* 3.00 «econdi Ibr ihe ubeel to stop t¡t> - 0 j + Duiintz tht« time ¡u tpccá a decreaxtnir For ihc nexl 
4.00 * ¡ti ¿peed t% increasíng (rom 0 raóV* lo + S.00 nd>% - 
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-MU) % t S 00 rad>* 

(t> Thc avcrage angular TClocitY b — 1.00 rad/s , - thcn leaife 



EVAUUTE: Wbcn <7 and op, nave Ihc lame Hgn t ihc angular spccd n incrcasing; lh¡* b thc case for J -3.00 sto 
r ■ 7,00 % . Whcn 47 and ^ havc «ppmitc ngns. (he angular «peed is, decrcosing; ihi* ¡* ihc case helween 

9.9, iDEVtlFY: Apply thc conMant angular accclcraiion cquation*. 
Si: r I'p: Lct thc direction (he whcel t% rotaiing be poririve. 

I \n i 1 1 : (■> . ■ , i wí i L50 rad/**i0M0 rad/* : Hl50*,-2.25 rad/s. 
<hí . r ^fl.SOrad*)^ 50*)*r<0 300 radsfX^SOsY^o^rad 

EVALUATE: ú^^¡^\^^ 

another cquaiion ín part {by 
9.16. Ideviifi: Apply thc conMant angular acccleralkm equations, (o ibc moúun of thc Huí. 

<»)StTHF: i.i. =<5Ü0ret muiHl ninííio x^rcM. <v =<200 rev miniil rmn 60 %\ - 3J33 rev/*, 

r -4.00 k a. «? 

0-0«-^í + rff/=(*^*™'M(4^OO i) +4<~IJÍ5 m^KUO i) 1 m 3X3 rev 
<b)SEi a>. -0 (M» lo rea): ftt, ■JJJJmrt; a, = -1.25 rev/jf*; 

!%»«!, +4 

fi* - ai 0-3.333reY.* 

booms 1^ ^ — — - 167 % 

a t -1.25 revV 

EvaI^aTE: Thc angular accclcraikm ¡s, negative bccaitfc ihc angular vclocity is dccrc&stng- Thc avttauv anuular 
vclcoly during thc 4.00 * linw intcnal U 350 wmm and 0~« p -<u>_f gm* 0-<t ~ 2JJ rcv. wtachcncck*, 

9.11. iDEVfiFY: Apply ihc constan* angular accclcraiion cquation* lo ihc mohon> TTicurgci variables are i and 0-0,. 

BKVlfe <■) <t -l.50rad'**; -0 (ttan* from re«); - 36.0 r*d* f-? 

■ ■ 36.0 red*- 0 _ -rt 

^-^ = ^ + 1^/^0*4(1.501^^X2.40 *f=Á32nd 

- 432 r.J. I K\ 2* :.u: r v rCV 

EVAUiATE: Wecoülduse O-O, -U™ *<u.)f to calcúlate tt-0, - U0* 36.0 rad*K24.0 si - 432 rad. whicb 



9.12. Ide-viii 1 ) : In pan (bi apply Ihe cquaiion derived in pan<a>, 
t'P: Lct thc direction thc propcller Is. routiriL 1 be posiiivc 



EXfXtT^ (tt>Solving Hq. Í9.7)for jgivci f »^ — — . Rewnimg L : q. (9.1l> as -;(^.ttwO and 

a, 

tubttnuutu for J givex 



ivfoch when rcorranged give» I;q, (9. 12). 



<M Chaptrr* 



EVALUATE: uldahouse ff-Q ^^il^Ljr ta calcúlate i -0.500*. Then « - fl^ia; 

</ ■ 8.00 rad 1 *" , which agrecs u ilh our remití in pan (b). 
9.13. Id&yhkv: U*c a con*tani angular accctcration cquaiion and «olvc for 
Si:r l'P: Lct ihedircction of rotaiionof thc llv^ httl be po*¡live. 

EXECUTE: O~0,-6*.f*W gives al ■ *Z*.-*a J - 600 rad -.1(2.25 radt J K4.00 *) - 10.5 rad* 

i 4.00* 

EVALUATE: Al thc eod of ibe 400 1 intervaL m - a* * íí f - 19 5 rad * , 

^Llfü ijf s ^ t0 ' S * >9 ' 5 ratL< |(4O0 *) - 60.0 rad . which check*. 

9J4. iDf-vim: Apply thc conMant angular accclcraiion cquation*. 

Si r i;p; Lct ihc dircetion of IhemtalkmufthebladelwrMxiliw. =0. 

ai -é% MOnáb— 0 ... . » 

EXíXLTE: ai. -^tff givo cx^ — 23.3 rads* . 

r 6.00 x 

^ J - <f .. ; (6.00 ^ 420 nd 



EVALUATE: We coüld al*o uzc tt - O . - q í í ta / Thi* cqualíon givci 

tf*í^ - «23 J raaV)(6.00 ■)■ - 419 rad, lü agreement i*iih ibc rcwJi oNarocd abore 

9.15. iDtXfiFY: Appty constan* angular accclcraiion cquationv 

Si: r Lp: Lct thc dircetion thc I1)whccl \* rtttating be ptuiuve. 
- 2iXi rvv i *. -500 M'/iwn - h J33 nrv/s. 1-30.0*. 



EXXCUTE: (■) 0-0 t — ty gívc* a* -5.00 cw/* - 300 rpm 

(b) i l . thc mfbrmation ín pan (al tu fínd n?, ¡ ai, - + cr,r give* « - -0. 1 1 1 1 rev/s* . Tben a* - 0, 
cr, - -0, 1 11 1 rcv/*\ ov -H.333 rtv/a in ai, -al^ >ít,í giva ¿ -75.0* and tf-ft s^Ü^ÍLJí give* 

ÜVAi-i aff.: Thc mai* and diamctcr of thc tt^Mhccl are not used in ihc calculalkm. 
9.16. iDEvnn: Use Ihc cooitanl angular accclcration cquaiitm applicd to ihc lint rcvoluiion and lo Ihc línrt two 
ravohitioflL 

Sn Lip: Lct ihc dircetion thc di*k i* roiating be pcKilive. l rev= 2.x rad . Lcl i be Ibc lime f*»r thc fintt rcvolution, 
Thc time for thc fírsl two revolution* i* t + 0.750 * . 

EXf.CtTt: (ti) fí-Ü % swjtiff r appUcd tothe fim and lo thc iir*l iw revolutwKii givc* 2* rad -t**' 1 And 

* . # . 2t rad * 

4t rad - ¿« i: - 0 750 \) Llimin^titif? ít_ bcr* cen thene AfHlnH pivc* 4t rad ■ ■ 0> 0,750 %) . 

2/ J =ín 0.750 *> J . - til * 0.750 <}. The pcnimvrooi h i- Q - ?° ' - l«l i. 
<b) 2t rad -irr.í J and l - LSI tgives tr -3.S4 rad»* 

l!\ All AFt: At thc *ian of thc «ccond rcrolutioiv. e> % -(3S4 radi'Xl^l *>-6.9S rads . The drtunce ihc duk 
Míate* m thc ncxi O.TSOt» fl-f, -» t í t^/ 1 -(6.95 rad*J(0.750»)t4-(3 U rad» ; H0750 *)* - 6.29 rad, 
whkh ü t»o rcvolutions. 
MT. lOEsnn: Apply Cq (9T2) lo relate * 4 lo . 
Stí UP: E*lab1iíih a proportionaliiy. 

I \m i n FromEq.(9T2) t w¡th ^ *a ihe numbcrofrcvoluiiorM » pioponional to thc %quarc of thc inicial 
angular vcJncity. *o tripling the inilial angular velocily ¡nctea*ei thc number of reTOlution» bv 9, lo 9 00 rev. 
EVALUATE: We don 1 ! bave cnoiuh information to caWulate a ; all wc r>ced to Lnuw i_s thal ít \x 
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9.18, IDEVTJFY: Ineach case wc apply cíwwuuii aeceteration cquaiictu *o determine 0{f ) and a> (f) . 

Si: r Uf: Lct fí, - 0 . The Iblkiwmg uble g¡vc* thc rcvoluiHiu* and the anglc 0 fin degrees) Ihrcugh which irte 
wheel ha* rotated Ibr cach inxiant In time (in «econdir and each of the thrce ¡tiruaiior»: 

r W W < c > 

«v 0 iw 0 rev 0 

005 OJO 180 001 11.3 0.44 158 

010 LOO 360 0.13 45 0,75 270 

OIS 1.50 540 02S 101 094 33B 

020 2.00 720 0 50 1K0 1.00 360 

EXKtirTE: Thc 0and & grapta for eat* ca« are given in Figuren a-c, 
EVALUATE: Thc %\opc ofthe 0(t) graphU a»,<j> jfldthcslopeoflhc 0^(1) grapoU 




40 «*» 



Figure 9.1H 



9-6 UMpirrf 



9.19. Ideviifv: Apply thc contfant angular accclcraiion cquation* fcparatcly lo ihc uto ¡ntcrvah 0 lo 2,00 i and 
2.00 * uniil thc whccl slops. 

(a) Set tr: Con*idcr (he motan úom i «0 ta í ■ 2.00 e 
0-4. = ?; 24.0 rad/*; |l_wTjflmlfr\ I-2JW* 

EXTCUTE: -^ii^r ■ (24.0 uImO'«)im-|10ii ndfc*X2.0M* 

- 4H.0 red * 60 0 rad ■ JOS rad 
Total angular diinlaccmcni from t - 0 unnl*lop*: IOS rad + 432 rud - 540 iad 

Note: Al r-2.00*, « «A> fc = 24.0rads+(30AlradVX2.00*) = M.0rad 1 *; angular speed «ten breaker trips< 

(b) Ski 1.'p: Cttrttidcr ihc motion (rom when lbe circuil breaker trio* unhl (he whccl *top*. Por ihi* cakulaiion let 
r -0 when ihc breaker trio*. 

im% 0-fl,-4J2 rad: *v,-G >i i rad i ifrorn part (a)) 



z ) 



l'AMiii: f .jgzft), 2(432 «i) , 
**, +a» B40rad'*+0 



Thc whccl *tops )0 J * after lbe breaker iripi %t> 2.00 x + 103 %- 12,3 s from lbe hrginninu 
íOSil Up: a conuder thc *amc moimn a in pul (b): 

J 10.3* 

EVALUATE: Thc angular accclcraiton ¡* notitive wbile lbe whccl b ificcding up and negativo while ¡t n *kn\mc 

down Wccouldafcwuic ™' + 2a <"-ft i tocalculatc <* =» *f _ 0-184 0 rad») ,. h16 ^,j fo 

■ ^ rt 1 2(0-6*) 2(432 rad) 

thc accclcration after ihc breaker tript 

9.20. locvnFY: Thc linear diaance thc elevakir travclMt* *pccd and ihc magtutudc of iu accclcration nrcccfjal loihc 
tangcntial dL*q>laccrncnt. speed and accclcraiion oía pi>ini on ihc rim of lbe ditk. s-rO* v ■ r a» and <? - w Jn 
these ot|uation:t lbe angular qiurililies rnu*l be in radian*. 

SETO: I rcv~2*rad. l rpm -0,1047 rad* . t rad - 1H0 J . For tbcduk. /--L25m. 

EXFXirTE: (u) v-0250m.**o a» = - = ° 25 ** "** -0.200 radi- 1. 91 rpm 

r I 25 m 

41» fl-'£-li25ixitf . cr=f =ÜÜ!^l=0 í 980r»dV. 

r 1,25 rn 

<c> * = 3.2Sm. g=í- 3 ^ 5 10 -2.60 rad -149*. 
r 125 m 

E\ Alt .\n .: When wc me \ - rt* . ¥ ■ rorjnd j_ - ra lo sotve Ibr f', a» and <r , ihc rcwlu are in rad, rad 'i 
and : .u: , 

9.21. lot-MiM: When thc angular ?ficed i* conMant. <&-0>t . - r<& . - va and - f&r , \n thc^c equatlon* 
ndiam musí be uied Ibr lbe angular quanüliei. 

SkfL t p: Tbc radium of thc eanhüt H -6JHxlO" mand thccarth rolatci once in lday-86\400«.Thcorbitradiu» 
of theearthU 1.50x10" ra thc canh complete* one orbit m I y -} .156- 10 Wbcn ai is conMant. 

EHCira (a) 0-lrcv-2r radin f-3.IS6xlO T i. ai- — =LÜ^L— = 1.99*10 ' radi. 

3J56^10 x 

íiD t r.,.l ,. í = S6,400i y radi 

K6,400 x 

<c> v=rAi = <L50xlO" roMl .99x10 ' radfl = 2 98x10* tth - 
<d> v - f ^-<6JKxlCT raM727xl0' ndi> ^ 464 ra,* . 

M *má mn ¿ "(641x10* WÍK737XÍV 4 ^ . 0 0337 mV. ír ta =w=0, a = 0sinccibc angular vclocity» 

LUUllUL 

EVALUATE: Thc langeniial «pcedi aiM>ciatcd with the*c moiion» are brge cven ihough thc angubr Npccdi are 
very Mnall. bccawc thc radiui for thc circular paih in cach cartc b quite lantc* 
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9*22. lofr-N nfl ; Linear jrxl «maular vciocitic* are rdated by v - iw . Use a» ■ ^ 1 + as to calcúlate ■ 
Stí Up: a» - v/ r giYcs a* in rad 1 *. 

1-AHUl; (a) 1 ^ "* * — M) Orad i — 1*^ m ^ — «21.6 rad/i. 

25.0 xICT m 5B0 *10 l m 

<b> < 1 .25 ñus) (74.0 min) (60 irían) ■ 5,55 km 

(e)s ~ 31 1 .55 rad *- 50fl rad * _ h&,41xW* radfr J . 
' (74-0iran}(60vrnui) 

EVaUíaTE: The width of Itic Iracki k very xmalL w» tac lolal Irack Icngth coi thc diw ¡* hucc. 
9*23» Idevtwy: U»c cixiMajrt accclcration cquaúom to calcúlate thc angular velociry at thc end of lwo rcvoluiHiru 

v»nv. 

Siripi 2rcv-4Trad. /*-0.200nv 

l-\nin: (■««^¿¿^(ff-tU * J2*.<0-¿U = V2<3« rad* J M4* rad) = «M rad*. 
^ - w * » (0200 mXS 6R rad*)' «15-1 roV. 

<b) :0ümM^.6SradM-1-74nV*. ■ - ^ - ^*" > ^ > ■ 15J mtf. 

EVALUaTE: tai* and r" 'r are coirfilctcly cqimilcnt cxprc*i*om for j. . 
9,24, Iuí.miim ■ ™ J . with « tn rad*. Sotve for a». 
SO Ue: 1 rnni -<1t:60> rad* 



ej«M»lWWÍ J , fa , 10 , nto . iah , tf 
V V 0.0250 in 



V r V 0025O m 
EVALUATE: In j m1 ■ ritt* . ^muvt be in rad*. 
9.25. Id&viwy and S#;r L'p: U*e coiuiuni accclcration cquaiHira to fmd «> and a after cach düplaccmcrit. Thc ute 
E(p.(9. 14)and{9.15) to find ibc componente of thc linear accckration. 
t\n ui: (a) ai thc Man / -O 
flywhcel itart* from ren w ai - ■ 0 

■ ra - (0.30Q ra)<0 600 rad V > - 0, 1 NO 
£t — ■ rw* ' 0 

* ■ - 0. 1 H0 mnj 1 

éí^ =r<*^ 0.180 rr*i : 
Calcúlate 4V 

^ s J2a (0-4)^ ^2(0400 rad'i*Ml W7 rad) s 1.121 rad* and 

ThcD <U*-n»*- «0.300 m . 1 . 1 2 1 rad *) : ■ 0 J77 mV. 

a ■ ft^+a^ - ^(OJ77rn* J )-*iO .ISOmV**)' - 04IS nnj 1 
(C) 0-4-120- 

^ra = 0.180 rr*V 
CdcuUfc ac 

i- rjd > ;.rwi rJ d: ^-0: ^-0.6WradiV; 

=<j2a f (0-O t ) - ^2(O.6()0 tadi J K2.094 rad> = I.5R5 rad'i and ai-ai,. 
Thco ^-w'^ (0.300 mX 1.585 nd *> : m 0 754 m^ J . 
*í - ^a^ral. - ^iO 754 mV r + 10 1K0 m s' r - 0,775 m/sT 
KiMi ui i a t% comtinl %o </ iiconsianl. incrcatc«%o íí . incrca&ci. 



9,26. lof-vim : Apply constan! enrular accclcraiion cquation*- r - ri» . A point on thc tim b;ih both ungcntial and 
radial componente «f accclcration. 
Sur I ■ ra and ■ raí* . 

I \n i 1 1 : 1.1) . -y -ni - (1250 revV* i- (0.900 rev/x'M0*200 *> - 0.430 rev'* 

(Note ituil lince ta tr and aic givcti jn tcrm\iTÍ reMfluiKttu. ii't nol nccei*an ' to con>eit lo radian*) 

(b> ae^Af ■ (0 340 rev/mo: i) - 0.068 rev . 

<c) I Evtc. ¡he convención lo radian* muM be irade lo wc Eq. (*> J and 

f0.75Q 



(d> Combinine equatiom {9. 14) and (9J 5>> 



^0AÜ}nY?i){2x rad/revf=L01 ra/* 



* - JtiO.430 Kv&tíx radr*vV|*(0 375 m)^ t[(ft900 rev.i 1 K2t radrev><0375 m)f . 
a-3.46 rr./-. 

EVALUATE: Ifthc angular accclcraiion is conitanL a^ m a comlam bm incrca*ci as w 
9.27. Ideviifv: LíscEq.(9 J5)and*t>lvc forr 

SKF l'P: ü^j rW *o r - a»\ where ai muit be in rad * 

EXí.CUTE: a> - JOOOg - 30Q0i9.R0 nV* J ( - 29,400 mV 



lev 



lirA. ^* 0bA ' -0.107 hl 
a/ (523.6 : .i l: ■- 1 

EVALUATE: Thc diameter ñ then 0.214 ia \*flkb i* larger itun 0 127 ni. sotheclaim « ™* realblii: 

9.28. Jin % i in \ : Jn parí ibl apply ihc rrmlt derived in parí laí 
Skf Up: - ra* 1 and v-sroicorntanetodiminaicf. 

I \H 1 II : (■> ^ AlV - a/ ^— J - AiV. 

<b> From Ibe retull of parí (a). * = = ¿ffi - 0.250 rad/». 

EVALUATE: a t + - ™' and v- roiboth require ihai *vbe in radi io in ■ ■ u -«v, «Utn rad v 

9.29. loENTin: i - ra and = rttf -v'ir . 

Skf L t P: 2t rad ■ 1 rev , mi ,t rad 1 * ■ 30 revi'min . 

I \m i 1 1 : W —0250 n^j^ ^ 



r «2.7x10- ml/2 ' 



EVALUATE: In parar, o muit be in rad h. 
9J0. iDEVtirV: <r M -rcr. v = /w and a M = \*fr. tf-flg = <w^/ . 

SCT l i : Wbcn a u ccmslanl, ■ ^ . Leí the direclion ibe wneel n rorating be pon ti ve 

***** »««*-=SBg^-~-* 

<b>AI r -XOOi. v-500 m/i and ^ - 1 - ^- ^¿ ^ - 250 rad/i and al r >a 

v-50.0 m/*<t<-10.0 :r./-- mi : ■ ■■ su . oi-40Xk rad/*. 

K» /-(32S nd/iM3 00 si -975 rad= 155 rev. 
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(d) v - ■ J(9.SOnVs ! H0:20ürn) ^ 1 ,40 nAt, Thet *pccd wül be rrached al 



50.0 msMOms 



10.0 m* 

aficr j - 3 .00i h or at f - 7.H6 * r (Thcre are many equivalen! way* lodo mi* cilculatioo l 

luii ui: Al 1-0, tf^ - r«r -3,20*10* mV . At 1-3.00*. tf^ - 1,25x10* nn l'a ff^ - £ the whcel 
musí be roraling more *lowly than at 3.00 * so ¡t oceurs wmc lime altar 3.00 v 
MI. IDEVTIFV and S»;r L"P: Use E:q.{9.15i torcíale <w lo and -m* to relate a w lo J^. Use Eq.(9.l3)lo 
reíale o> and r, «Itere v » the tangcniial «peed. 
Extlí l'FEi (a) ü ^ ■ r<v* and - hm^, - mr<& 

1 640 revniinV 



'. 423rcv min 



1.29 



540 m nuti 



1.5 



v ( 423 revnun 

¿? = (640 tcv mini 



60* yi i rc\ 



-ó7<>raii\ 



ra - 155 



Then v - ™ - 10235 rnM67Q rad *> - 15 J mí 
= rw* - (0235 mM67.0 rad *) ; ■ 1060 mV 

g 9.80 m. V * 
EVALUATE: )n naris (at and (bK »ncc a raiio i* iwcd the units cancel and there is nonced to conven & lo rad's 
In part íli. rand a iM ¿ are calculaicd rrom and w rmitf be ¡n rad's. 
9J2, IDCVTIFV: v-rttt and - f« . 

Si:r l."p: Tbe linear acedera tico of thebuckci cquals fura potril on the rimof me axle. 

EXICims (i> y*Mm. 2.00 cm/* » Jtf 2£™Y— Y^l^ si 

\ irrin A 60 % )\ 1 rev / 

0.400 mí** ___ _j i 
(b) - Ra . 1 — -117 rad/* . 

EVALUATE: In r- ifarand ■ Ra , o» and <7 muM be in radian*. 
Mi iDEvnw: Apply rara. 

Skf UP: Pomis on the cham all move at me same *peciL so ■ /^v ■ 

l*M:ctrt; The angular velocitv of the rcar ^cel i* <*t ^ _|< |> radís. 

The angular veloriiy of the rront whcel ü ^ -0.600 rcv/* -3.77 rad/** /; ^^(^/w i-2.Wctn. 

EVALUATE: The rcar *procket and whecl have the same angular \eloeily and ihe froni sprockel and wheel have 
the same angular velocíry. ™ i* ihe same forboth^ so ihe rear sprockel has a unaller radiussinec ii has a lar ver 

angular velociiy. The *peedof a poinlon ihechainis . t -(2.^*10 : roMl5. 15 rad'sl - 0.453 m* . The 

specd of the biewlc ti 5.50 mi*. 
9J4. lotvnn andSi:r L'P: Use 1-0.(9,16). Treal the *phere* a*poínt maue* and ignore /of the lighirodv 
EXf.CirTE: The object is *hmvn in figure 9.34a. 
<■) 

»0 2Wke 

02«ikí 




1X200 k| 

r ízure 9.34a 



DJOlfel 



r - Jl0-2Ü0ml j r<0.200 m)" - 0.2H2« 
' ■ " J í° 200 kgK0.282S mr 

y- 0,0640 kgm 1 
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(MThcobjcci is shown ¡n Figure 934b 



200 k 
*1 



1 2\M 



r m 0 200 OI 

' " ■ * a20D >*í0.200 m > J 

f-0O320kg*m J 



Plgpn!L34 
(c) The objecl ¡s shown ¡n Figure 9 




r-0.2S2Km 

/ - JW* - 2(0.200 kgK0J828 m} 1 
J- 0*0320 n 



mswcr for pan (al i* largcr than for pan* fbl and <c>> ti ju*l 
i caie depends on thc ihapc of thc obicci and the 



UQ91| 

Cvah u i ; ]n general / cfcpcndi on the axis and 
happcn* that / u thc *anv in pan* (b> and (c). 
9JS. lotvim ; Use Tablc 9 2. Thc corrcel expresión hi uic in 
location of thc axrt. 

Sur Up: In cacbcaic cxprcis ihc ma*s in Lg and ihc Icngih in ra. so thc momcni of inenia willbc in U m' 
EXECirrE: (■) (i) / ■ - \f¿. : =^(2.50 kgKO ,750 mV ■ 0.469 kgm- . 

(iU/sjriATs ¿(0.469 fcg ro J >-0.l 17 kg *nr\(ui) For a ^*i> thm roi di of *c rnw w aufe «it and fm§. 

/-4*WJ(' -4(3.00 kgHO lW id) ; - 0WJ3 kg m 1 . 
<ü) /- - < .v - 4(0.0133 kg m* ft = 0.0722 kg * m* . 
<c><í) -<8 00kgH006O0m) J -002B8kg m 1 . 

(n) 1=1*18* -4(8.00 kgHO.0600 m, J -0,0144 kg m*. 

EVAUiATE: /dependí on how ihc maisof thc objecl n diunbuted rebtive lo thc axis, 
9Jéu iDBnVK Trcat each block a* a point man, so for each block / - mr 3 , «tere r i* ibe dulancc of thc block frora 
iltc axis. Thc tolal / for ibe objecl ¡s ihciumof thc /for eachof itipicce*. 

Skf Up: tn nan<a) two btockx are a dislance £'2 from thc ax¡*andihcm¡rdblock ¡soolbcaxti. In parí (b)iwo 
block» arca diitancc L '4 from ihc ax« and onc ii a dUlancc 3£I4 from thc ax¡*< 
F\k i tk: (a) / - 2nr{¿ 2r =jml? . 

<b) I -2m<£/4) i +«(31/4)'a— ■t£ J <2^9)-üflii: 1 . 

16 16 

Eyaj.i afk: For ihe same objccl / b in general different for dilTcrcni axes. 
9J7, iDEVtirv: / for Ibe objccl ¡slbeiumof thc vahraofj for each pan. 
Skf Up: Fot thc bar» for an axis perpendicular to thc bar. use 
powt m*is, / ■ mr~ . «itere r is the dulancc of thc man from thc axis 



\vs\w Tjb!c9.2. FtH-a 



l.w* ui: 



> 



/ - i|4.00 kgH2.00oi)'>2(0.500kgKL00 ni) : -2.33 kg m : 

|b) i»I*^I , **^£ i = jl 4 ' 00 kgH2.00m)"\(O.SOOkg( (100 mj a - 7.33 kg-m" 

íc) / - 0 becauic all manes are on ihe axis, 
(d) All Ihc mais ís a distance d ■ 0300 ni from ihe ax« and 
y i m L J , t2m^rf : ^M | ^J ! i (SXWkgH0Jrj0oir mlJÜ kg m\ 
EvaLUaTE: /for an obíect dependí on the location and dirveiHm of thc ¿vi%. 



Rotatttin of Rtptd Rodic* í*l 1 



9J8. lot-vim iijj S#;ri:p: Accordingto Fq(9J6). / for Ihe cntirc objcct equaU ibc *umof/foreach picce. thcrtni 
plus thc cnd capí. The objccl i* shown in Figure 9.38. 

1 w ExJXtiTK: / - /.^ 1 2/^ 

Evaji afe: Tibie 9.2 w¡u u*ed for i í4 and / ■ aw*" for thc cnd capa, since ihcy are treoted «ls poini paniclcs.. 
Mt- lDEvn»Y and Ser L'p: / - ^mr; ¡mplie* 

J \m i 1 1 : \ :i 40kgxa + 300ml' = 0.126 kgrn J 

Foch %pokc can he treated as a *lendcr rod wiih ihe axis thii>u^h i<vc cnd. so 
-^VW¿ ! )-T(tt2gO kgHOJOO in> : =00672 kg-ra' 

126 kg -nV+ 0.0672 kg m J =0.193 kgm J 

EVALUATE: Our result b smallcr than m„R* =(3.64 kgHOJOO m) J = 0.32H kg m\ sincclhcmas.iofcacb 
xpoke » di»inbuicd bemeen r = 0 and r - R 
9.40. ntM CiXTipaie thu objcci fc> a uniform di%k of radio* and inai& -Mf 

Skf Up: Wiih an jaU perpendicular lo ihe round Pace of thc object al its center. / for a uniform disk n the saine 
as for a solid cyhndcr. 

EmíCI'FF-; (a) The total / for a di*k of mas* JA/ and radius A\ / - f(2A/)/f* = AfR* . Each half ofthedixk ha* the 
same í, *o for ibc bW, / - . 

(b) The same tiras .4/is d¡*tributcd thc «ame way as a funcbon of disiancc (rom ihe axis. 

<c) The saine method a» in pan la) *jy* that / for a quartcr*disk of radius Jí and dum .i/is half ihaiof a balf-diik of 
radiu* and mas* *o / ■ - - ! 2 U Jrt J > > - \ / . 

EVALUATE: /dependían bou uVma**ofthcob)cct » distnbutcd rcUtivr lo ihe axis, and lh¡* ¡sibc same for 
any segment of a d»k. 

ML Ide-yiifv / for ihe compound di*k is thc &um of /of the solid duk and of the ring. 

Su I p: For the solid dulc* / = j*V¡ - For the ring. / É --w\> . where r¡ = 50.0 cm. r¡ - 70 + 0 cm . The 
mj» ofihe duk and ring u thetr área lime* the ir orea denuty. 
EXFXirTE: U/ A +/ r . 

DbJt: ^ - (3.00 g/cm Vr/ = 13 56 kg , / 4 ^i*ví = 2.945 kg - . 

Ring: m,=il00 gfm^rj -i; 1 ). 15.08 kg. /. » ian ( <r¡^#ÍJ = 5.5*0 kgW> 

EVALUATE: Evcnthough / t :>l A tinte ihe nu» of the ring is fanher faim Ihe ax». 
9^L iDEx nn: K «f/^- U« Tablc 9.2b lo calcúlale / 
SFF Ur: !■ ^U¿ J . 1 rpro = 0.1047 raá % 

EXICirras (a> / =^(U7kgK2.CSm> : = 42.2 kg rn 1 . m = (2400 re^ Vmto)| ° ' W? ^ ' * \ = 25 1 rad'^ . 

\ I rev>rnn / 

A -4-/» J -^(422 kg*m'M25l nd s) 1 = I.J3-I0* J . 

EVALUATE: Thc nMaiHiral kínetic energy n proportitinal lo iheiquarc of ihe angular speed and dffeetly 
proporiional lo the mam of ihe object. 
**. J.V J in \ i Jt \ : .V =j¡4?. Uve Tablc 9.2 to cakulale /. 

SkfUp: / -$MR\ Forthcmoon. M = 735x10" kgand P= 1.74x10* m . Thc rnoon move% through 

I rev-2Tradin27Jd ; ^ MxJ0* a . 
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EncUTBs (u) i =4(7.35x10* ksMl'Hxlir m> ! =8.90x10* kgnv. 
A ■ =4(8.90x10** kg m 3 H2.66* 10* rad*> ! = 3.15x1o 11 J. 

<h| g^jQ^iQ^ j| ™ ycai* ■ Corwidcring the expense involved ui tapping rbc moocT* roiational ettergy» thb 
doc* nol scem like j w «nhwhik scheme for only 1 5B ycar* worth of energy. 

Eyaji afe: The rnoon ha* a very large arnount of kineric energy due ta ii& moiion* The earth (tas cven more, but 
changing ihc nMaium rale of rbc earth would ehange the kngth of a day 

9.44. IDH IDVi JC ■ 4 lar * Uve Tablc 9.2 to reble / h> ihe mas* .1/ of ihe dUk 

SEf UP: 45.0 rpm - 4.71 radx , For a uniform *>lid di%*. / »^Affl\ 
2/w 2(0.250 J* * 

" >, -7- (S ' W5t '* 

IT' (0.300 mr 

EVam afx: No matter what the shape n, ihc rotaiKinaJ kinetic energy i* proportional lo ib? mau of ihe 

9.45. Ioíaiuy; K = + with « mradv Sotvc for/. 



Up: I rcvtmn = [2xi 60) rad. i . AX = -500 J 
Iumii: ^=650revrmn=6H.lradi. ^ = 520 rev. mío = 54 5 nA. SK = K< - AT. = f/(«í -a* 1 ) vid 

/«*^U r =0.6ü0kg.m\ 

(S4.S rad*)M6R ^l^ad*) i 
EVAU^ATE: In A'-j/aT, dimití be ¡o rad*. 

SitLp: Tbe work ckme on IhecvlinoVr tsPL. wbete¿ ii ibc ler^th of rbc ropc. A',=0. K t *±Iúf . 



KttCim: orl^Hl-- WNli6J0 ^' M4.7N. 

2*r 2í£ 2(9 80 m,V «5.00 m) 

EVaUíaTE: The tincar xpeed i» of the endof the n^w cquik ibc ijngcníijl ip«d of a poini on the nmof the 

cylinder. Whcn K í*c\premcd in lermi of \\ the ndius r of the cylindcrdocsn*! appear. 

9*47. lDcvro\ ¿nd ter L'P: Combine I lq% fíA1\ uml (9.15) io «ilvc fot A* U*e Tabk 92 lo get /, 

£\i:citf: A* = 4lar 

- fto\ so « = Jtf^**» J(3500mV>.1.20rn = 54 Orad* 
For a ttitk. / = - i :/.' = ±(700 kgH 1 ^20 m>* = 50,4 kg - m ; 
Thu* Km^S*? =4(504 kgm J )(54 + 0nnl^ J =7.35x10* J 
EvaUiaTE: The timit on timiti <# vthkh m rurn limiu K. 
9.4& lotAnrv: Repeal ihccAleulaiioomEurapIeM bul wrth a difíertnt expreiítion for/ 

SETUP: Forthe^idcyhnderíntUanwlc^. I sJ4tt ! . For the thm-i*a1leA holkiw cytindcr. I-MR 3 . 



2rf 



Iahui: tu) With / = .WA\lhcexprex»onfor vík v- 

" l * Ai; 

(b)Thii expresión n» tmallcr thm thai Ibr the wlid cxllnder; more ofthe c>1»mJcr^ mau u coneentraied Al (In 
edge* *o for a given *peed* ibc kinelíe ener^y of ihc cylinder u laitret A larger fraetion of ihe poieniial energy ih 
;«n verted to ihc kineikr energy of Ihe cylirxJer and m> ks* a availablc for the Hilling ituak 

tv vi i mi; When M U mueh Urger man iw, v ti wry xiruIL Wben A/bimich leuihnn m. vbecomei v = J2j¡* . 
(he same ai Ibr a ma» ihat fatk freely (rom a hcigbl k. 
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9.49. Ideyuh: Appiy con*crvaiHm of cncrey tu (he sysicmot tfonc ptiist pulley. i' - r*y reate* ihc moiHin. oí thc 
*ionc lo the raía t ton of ihc pulley* 

Si r Lp: Fot j muform saín! dUk, /■^iflt t .Ltf pont I be wben thc *lonc ñ at ü¿ innial ooalion and potal 2be 
xvhen ít ha* descended ihc dcsíred dl^iance. Let tr be upuard and takc y - Oat thc mi tal paulumof thc stonc. so 

y, - 0 mi Vj - -A . wbere A a the diiiancc thc *ianc dciceiub. 

Euxi rt ; (»> A' - U V . I - ±hS R* ■ ¿(2,50 kgX0.200 ra) 3 - 0 -050D kg-nr 1 . 



— L ■ f - |J5QJ> . 13,4 ratls . The slonc speed v - Jto = (0.200 mHU-4 rad 1 *} ■ 2ÓS m* . Tbe 
TJ 1^00500 kg-ciT 

%kinehttkíncticencrgy K. m±m¿ -±<L50 kgM2.6ft ros> : - 5.39 J . J^+I/, = A.% + 6\ give* O-I^+C/j. 

Q VÚ I 

0 ■ 4,50 J » 5 ~W J +■ rntí-A) . A — 0.67J m . 

|] 50Un9M) mV} 

9.K9 J 

EvaUaTE: Thc gravitaitonal poicntial cnergy of thc pulley doc^'l change ai (i roíate** The tensión in thc wíre 
dix* poiilive work on tbe pulley and negative wotk of Ibc *aroc magmtudcon ihe itonc *o no nct worfc on thc 
sysicm* 

9.50. iD&vruv: tf, -y/Af for the pulley and A\ - ¿mi'' fot thc bucket Thc specdof thc bucket and ihc routnruJ 
Kpcedofthc pulley Are rclaled by v^Jtm. 

SrrWt 

EvaLUaTE: Thcrcmlt ü üidcpendcni of the rotaiional speed of thc puUcy and thc linear ipeed of ihc nms 

9.51. IDEVTOY: The general expresión for/¡&iiq.|9.l6) A^ter. 
Sur Lp: R will be mulliplicd by / 

Excrrr E¿ (a) In thc exprcaaion of ESq. (9. 16K cach term will have thc mas* mulliptied by f And Ibcdulancc 
multiplicd by /, and *o thc momeni of uicrliA ¡s multipued by /'(/)* = /*. 
<b> <2 S ^48^637*10' J 

EVAUUTE Ma» and volunw úk pronortioiuil toeaeb nther *o both *ca!c b> thc «me factor 

9.52. locsun': Ibc i*wk thc perton cfaci i* ihe negativeof the wwi done by gravity. H\ vt m U^\— 

ÜKF 1."p: Tbe eenler of mai% of the laddcr U al ¡L% ccntcr + LOO m from eaehend. 
r-a * l** oi)An SWT - 0799 m . y M m LOO m É 

llu.ii ít : ir., - (9.1X1 kgK^KO mVxO, 799 m> 1.00 m) = -17.7 J , Thc «vrk done by thc nenon U 17.7 
EVALir^TE: The gravity forcé i% downward and thc cenicr of iium of ihc bdder move* upu ard* sogravily doci 
negative wock. Thc person piunes i^tward and dora noiílivc -»v¿uí: 
9-SX lDCvn»Y: U-Mgy^. Aí/a^-t/,- 

Sn Lip: Nalf ihc rope ha* im» 1.50 kg and length 12.0 m Leí r-Oat thc topof thcdilTanduke ¥y tobe 
i¡' ■ . :.l Tbe cerner of mas* of the banging icction of rope i* art lUeenter and - -ó.OO ni . 

EVAUiATE: Thc nolcnliad cnergy of the rope decceatt* n-hen parí of thc rope moves ctowTiwanL 

9.54. iDEvnn : Apply Uq&Afy. thc naralld-axb theorem. 

Stí Lip: Tbecenterof mat^of thehoop ¡*at lU geometríeal eenlcr 

1 \n i m : .■ i . i ■ . ■ : i:;/ 

EvaLItaTE: / « larger for an ax¡* al the edge than ínr an axñ at tnc eenter. Sonic ma» U eloier than drtlance R 
from inc axñ bul tome i* al*o fartber away. Since / for eacb piece of thc boop U prononkinal to thc tqu&rc of thc 
düiance trom Ibc a\n the ¡ncrea^c ¡n dattanec ha* a larger elTeci. 

9.55. lof.vim: Ur*e Eq (919> lo relate/ for thc «xtod *phere about thc detired axii to/ror 

SEÍ i Pi I «ra tlun ■walled Mlou sphetc. jxiv ¿Umv adiameter. f*\MB*. 
Por a so] id spncrc wi(h nuxi M and radiu* R*. i - ^\1R\ for an ax¡* along a 
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t:\Min: Findrfsuchíhat .Ití'* írith ^■jilff 1 : 

rhc ftcMOflf dainlroui and ibe cquifion bccomei s¿* 
d ■ J(I0-6)it5J? - 2JV/VÍ5 - 0.5 16& 

The axi* b paral Id lo a diameter and n 0.5 16/? from ihc ccnler. 

EVAUíaTE: / . jIcímIi > / (wood) <\¡tj thou&h A/j^J /fr are thc same xioce Iota hollow *phcrc atl (he 
ihtfjrxc R from (he axis. Eq.(9.l9) uy* i, > «i ihcrc mu&l be a i/whcrc /f.íwood) ■ / j tendí. 
Id*.x iuy: Uxmg thc parallcl»axct theorem to finó* ibc moment of incrlra of a ihin rod ahoui an ax¡* through íli 
cnJ and perpendicular (o (he rod* 

Sr.r Cp: Tbeccnlcrof maHcf (he rod i* al il* center* and /~ ■ ¿Afíí . 



EvaUiaTE: íh largcrivhcn rhc axis ii not al (he cerner ol'nu« 
lo&vnfx and S»;fL'p: Use Eq(9 + i9> + The emof Ihc ihcel i*at X» gcomcirical 
Figure 9.57. 



Thc ohjcct a ¿ketched m 



K\i(iii: I, si *Md\ 




From pan <c>of Table9.2. 

The diriance d o\ P from 
the cm » 



rhui -¿¿f(«*+* > )+Jtf(i« a +¿*')«(¿-t4)Jf(# ] +4 > )B 

EvaLUaTE: /l - 4/ ^ . Por an axix through P hum n fanher from (he jmv 
IDIXT1FY: Comtdcr the piale a* made of «Icncto rod* placed *idc<hy-*idc- 

Skf UP: Tbc cxprc«Hm ¡oTable 9-2(a) gives / for a rod and anaxi* ihrouvh tte cenlerof thc rod. 
K«:c i tu: (a) / i* Ibe ™ie a* for a rod with Icngih a: i - 4*Afa m . 

Ib) / ¡s rhc «ame a* for a rod with length H: i - i.l/A' . 

EVALUATE: /U xmallcrwhcn Ibe axii » through the center of (he píate ihan when ¡t i* along ooc edge. 
[rjEXTirV: Use ihc cquaiioaMn T&blc 9*2. /for ihc rod i* ihc tumof / rbr cach segment The pardllcl ax¡* 
theorem *ay* f,-^+J*f\ 

Sur Up: Thc bent rodandaxesa andAarcshoun m Figure 939. Each icgmeot tu» length L .2andmaf* AT2. 
EXECirTE: (a) For cach *cgmcntihc moment ofinertia i* Tora rod wíthmai* Sí 2Jcngih 2 and (he axlx 

thíoiigh one end. Fot ooc «giwtiu f t = I j ji. j = Lyt : . Fortherod, 

(b) The cerner of itunx of cach «cgmem « at ihc center of thc scitmcnt* a diMancc of L >4 Iromcach cnd + For 



icgment. 
*cvmcnt ihc porjllcl 



- ^\h: . Axi* í » a di*ljncc /. 
96 



frwm thc ¿m ot cach *cvmcnt. «o Ibr each 



/for 
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EVAUMTE: / for ib™ two axc* are ihe *amc. 

¿ni 



I izurc 939 



Mi* iDEvnrv: Appty thc par alie I axn theorern* 



EXECirTE: - M 




■II 




-M 






12 U J 




12 4 




3 



ulúch ú thc %amc ai found m Examplc 9.1 1. 

EvaUaIE: : v.i.i¡-. ■ I .honi thai ihu reailt give* ibe expected re*uit for *-¿ and A -1/2. 

9,61, iDEVtlFY: Appty Lq.<9 + 20l> 

Ser I r *rJ -pKlarL dr ), whcreX ¡i thc thickoci* of thc di**. Si ~xLpR s > 

EXEtirrE: Thc anary*¡* h idenlical ti> ihai of Examplc 9, 12 t wilb thc lowcrlirnit in thc integral hemg /ero and 
(he uppcr Umii hcing A\ Thc re*ult u / - iJÍJl* . 
EyaUjaTE: Our rc«ilt agrec* with Tablc 9.2<fl> 
9.6L lotvnn: Eq + (9J0K / = <nw 
SO UP: 



r i^ure 9.62 

Takc thc v-axi* lo lie along ibe roct i*iib ihe ongin at Ibc left end. Com»Jct a thm slice at coordínate t And WkJÚt 
¿ir* a» shnwn in figure 9 + 62 + Thc nuu per un M Icngib for thái rod i* *W l «o ihe nu» of thrt *lkc i* 

EVAUUTE: Thb remlt agrec* wüh Tablc 9*2. 
9,63, iDEvnn : Appty Gq>(9.20). 

Skf UP: Kor thü cas?, *mt ■ y rfx. 



ExXCUrE: (n> M - f dm -fyxttx = y—\- — 



H 2 

|b> / i j ■, ■ , u- ; -í-j ¿i¿; Thi* i« Inrger than (he mornent of ¡oertia af a untfonn rod of thc 

and kngtk. tmee ihc mam deraity ¡* itrcaicr lunher axvay from ibc axii than ncarcr ihc axi& 



* .He 



Thw i* a Ibird of thc rcHilt of nart (h)< reflecting the fací ihai more oí thc man n conccntratcd at thc right end* 
EVAUUTE: ForaunifDcmrod withanaxúat une end* / --\SL : . Thc rcsuli in (b) ú larger than ibuand ibc 
repulí ¡n <a> i* imaller iban thb. 
9,64. iDEvnrv: Wcknow that r-sroand i* i* tangenüal Wcknon thai - r*u and tf^ u in tauard Ibc center of 
thewhccl Sccif Ihe veclor prodtxt expreiMonigU-e thcic rc^ulti 
SETUF: |j-fl|-.í/ÍMn^.where 4 ¡s Ibc anglc betwen 4and A, 
Exjci'Fti (u) Tora countcrcloek^úc roialion^will betmi ofibe page. 
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<b) The upward direcuon cro«cd itttu ihc radial dircciion i*, by ihc hcht-hand rule* countcrclockwBC* ¿and t are 
perpendicular. so thc magnitudc of r is ar*v. 

(c) 0 i* perpendicular lo randvo aj-r ha* iragniludc na-j und from thc neht*hand rule* thc upivard 
direction croued ¡nlo ibc counlerclockw¡«c direction ii inward. thc dirección of a 

EvauiaFE: lf thc whccl rolóte* ckickwisc» ihc dúccthin* of 0 and V are reverted, bul fl^ n «lili ¡nward. 
9.A5. lot-N IWV3 Appty 0 =<w . 

Sur UP: Fot alignmcnL ibc eanh mu*t rnove ihrough 60" more than Man, in ibc ame time r. ¿v ■ ÍGfl L 7 jt . 
^ = 360*/(l.9yr). 

'-^-^r^^-S ww * 5,ÍD " MaZ5r " iaB * w - 

lyr~1.9yi 

EvaUiaTE: Eorth hai a largcr angular velocily ihan Marv and completes onc orbil in lew time. 
9.64. lo*-MlM and S»;fL'p: Use ütpM93}and <° + 5í A* long * ^ >0, ar. ¡ncrca&ev Ai thc / when « - 0. w »4i 
il¿ máximum po*itivc valúe and then *urb todccrcatc when « hecome* ncuative* 
AN&ir-A 1 ; yvSJDnlV, ¿ 5 0.500 ntfV 



t/S 41/ 



Ib] 



(r) The máximum angular vdocity oceur* tthen « ■ 0. 

6/? 3/7 3(0.500 rad V) 
AlthisJ. *> -2 ;i V* 1 ^ 2(3-20 rad Vh: ■i(0 5«trj.i i m; 133 6.83 nd>» 

The máximum poxiúvc angular ve locily i* 683 rad'* and it oceure ot 2,13 s, 

EVALUATE: For lurgc 1 both a*, and rr are negative and incrcaic* in rragnitude> m fact, a», — > — « al 
r * r . So thc aruivcr ¡n (e> it nol thc tarcest angular «peed, ju&l thc larceM potiuve angular velocily, 
Ideviw\: TT>e angubr acccleration «of thc dUk i« rclaicd lo ibc linear accclerat ion a of thc ball by a - Ra . 

Since thc acceleratíon i* not comianu u*c « * ^ - J t and 0-0^ ¿J wi 10 relate 0, ém> . c and t for t 

di*k. *v ^ 0 

SU l i*: ff*dfc"— — f** 1 . In t í-ffrt, rtitin rad* J , 

ExxClTTE: (a> A^-^ 1 800114 -Q.60QmiV 
J 3.00s 

0.250 m 

<e> ^ - ['(2.40 nch^ «{I- 20 radfeV . « ¿ «lS-OndAi for f ■ 1 1SJ ■154> . 

(d| l? IT j\nü Jjl TliiinVífl lOUnhV riBflKl, *17.7rad 

EVAUUTE: If thc diskbad tumed ala comuni angular veiocity of 15.0 rad'i lor 3.5J i H unnild have lurned 
through anangle of 53. 1 rad m 3,54 « + tt actual ly tumi througb leu than half ihU becau^e ihc angular veiocity i* 

15.0 rad * ai all but thc end of thc mierval. 



iDhvnn and S*;f L'p: Tne itarulational kineiic encrg>' ñ K -Imv* andthekmeiicenerg^ h ofiherotating 
flytt hcel t% K *y/ar. Use tbe wateipeed to calcúlate ine actual qtced v From thal calculóte K for t he cor and 
then wlve for & mal gívet thix K for ihe llvwhcel. 



['Mi.iii.m üf Ri^rE^t Bodic* 9*17 



v m m (35.0 kmtiM 1000 m 1 km» 1 h. 3600 1) ■ 972 ra * 
|b) A' = tfln J o ¿(0 ISO kg«9 72 ra s) : ■ K 50 J 

EVALUATE: .\ = ' far givei ra in rad* 652 radVs - 6200 revtain io Ibc rouiion me of ib: flywhctf ¿s very 



9.69* lot-MiM: J ut - ra t = . Apply Ihc cocutani accclcraiion cquation* and ^ F - «*f . 
Sur L 1 ?: and ra ncrpetkbcuUf componenu of i , io i< Jít^ - j „« - 

Exixi fk: (■> a = — ^ -0.050 rad/jT 

r 60 Orí s 

<b) *i = <0J)5 rad/» ; K6«*)^0M0 red/*. 

W tf.^-*V-(OJ0O rad/»r , (W0ro)-540 m/*\ 

(d) The sketch is giren in Figure 969. 

<«> tf- ^<t 4 (- +tf\» =J<5.40 1^^)^(3.00 in/»*)* -6.18 m/*\*nd ib: irogmiudc ofib: forcé b 
F = ™-(l240kgW6 + lR m/* J )-7.6ókN. 

(0 arclaoJ^J-areUnjl^j-óO^ 

Eyau mi ; (í^ is conMant and incrcAsc* a* u ¡ rorreases, Al i - 0 , a i* panillcl (o v . A* r mercales, 
<f mora itiwutd (he radi.il dircvlHin and (he antí.tc bctwcctt * mércate* toward W . 




r 

n|m 9¿9 

9.7Í. IDIXTIÍY: Apply conserva!»!! of encray ti> Ib: sysiemof drutn plut fallmg inat&, and e«tir«rc (he rcsulls for 
ejflh ¿nd Itir Mar* 

Sef L t p: A\, a - T tar . A'__ - -1 mv* . v- ftoisoil A fc-J is ihe same* a* is the same And * U ihe ante on both 
plancts. TTierclore* \% Ibc «me. Leí _r ^Oat the iniiul hcighi of ibc mass And lake »r upwanL 
Configuraron 1 i* when the imi« A at its iraiial posiiion and 2 n unen ibc mis* has descended 5.0Ü m. so 
y, - 0 wd y, - -A , wbere A is thc hcíghl ihc itom descendí 

I \n i 1 1 : (■) A, * ÍA - A\ +6\ gtvt» 0 - A\„ * A* - myn A' m , * A* are thc **me on both pbnciv so 



9*1* Chapicr* 



l!\ Aii afk: Wc d»J ihc cakulation* wjthoin Lnowing Ihc momcnt of incrtía /of Ihc drunv or (he mas* and radian 
of thc ihim* 

9.71. iDExnn and S#;r L'p: All poinl* on thc be H move with thc same specd. Sincc ihc bcli docsn'lshp, mcipeedof 
(hcbclt is thc same a» Ihc speed of a poinl on (he nm of (he shaft and on Ihc nm of Ihc i*foecl. and (hese 
rclaicd lo ihc angular «peed of cach circular object by v« rta* 
Cxicim: 




■ (60.0 reVsM2* rad I revi ■ 377 raéis 
v,a w-<0.45xl0 J ml(377 rad's>-í\70 mi 

a* = (/; / r a - 40.45 cnV2<Ki crnH377 ; .. ■ : - R4K nd * 

EVAUUTE: fht whcel ha* a larger radium than ihe ihalt so lums slowcr lo ha\c Ihc «ame lanucntiaJ vpced 



9.72. IDEVIWY: The speed of all poinl* on me befc u (he same, so ¿¡ot - appl¿es to Üic two pullcvs. 

Si r l'P; Tbc*ecc4rápullcy* wlhhaJf Ihediamctcrof ine fírst. rnitfl nave (w*ce Ibc angular vclocily. and ims is 
(he anitular vclocilv of (he saw bladc. t rad's ■ 30 rev/nún . 



iAH ui; 



í.) n ^ (2(3450 reWmm>>(i JH^Y°^*B] = 75. 1 mí 
\ 30 re y; rain J \ 2 J 



so (he forcé holding sawdusi *m Ihc Madc *ould nave to be about 5500 nmc* a* slrong a* graviry 
Imii ui: ln -ri»'. «mutíbeíoradi 

9.73. Ideviif* jud St;rtP: Use Eü,(9.15)to reble n íW (o w and Ihcn use aconsiant acccleration cquaiton lo 
replacc <&. 

One of Ihc conitani acccleration cquations can be wriden 

Thui - rlajtk =■ Ira^-^ a* to be shown> 

_ | Aü . g5.0 nrs ; - 25.0 nv * J „ ^ 

(b) « — — ■ -K.OOrads 

1 2r(4 -«> 210.250 iwn.15.0 rad) 

Theo #^ -m« (0.250 mH^OO raifcV i ■ 100 

EvaUtaTE: íu : w proportional (o a and (tf-fl > «o a aboproportional (o (hese quanlilici. %t m¡ i 
Ahile e sttys íixed. <o iocreasci. and a m isrxuilrve. 

IDEVTIFV and tar L'P: Use Cq (9.17} to reíale A* and ta and thm uw a constant accclcralion equation (o replacc 
EXICirtt: íc) 

AA'^JC^^-^Jía^-^^^a ^-tfJÍ^/aJ^-^L as wis lo be shown 

* * ^ 45.0J-2O.0J 

(d) / = r =0*20*kg nY 

aJ0;-fy) (ROO radVKl5.Q rad) 

EvaUiaFE: is positiva <i> incrcases. and K increaies. 
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9*74* lot-N iim: / - í/^. 01 ■ pl' . whcrr /> i« ihc votumc dcroiiy and w - &A . wbcrc tu thc unza ácnury 
Sirle: I «r *i iclid *r»hcic. / - ^mft 1 . Foc thc hollow tphcrc (íbil| t / — . ■ icu i ■ I 



-OJOkc m\ 



Fvaii afk: itt H «26J kgand /* -0,429 Lg m jn¿ -10 1 kgand -0,268 kg -nV . Even ihough ibc foil 

onty 27% of thc total nun n* contribuí™ to/ w aboui 3H%of thc total 
9*75* Io*a TlFt z El-tlimatc ihe vhapc and dimensión» of your body and apply tlw apr*uximaic cxprc«*on from 
Tabk 9,2, 

Si: r Up: I aproxímale my body a* a ventral cylindcr with mnu SO kg, Icngth 1 1 m* and diamelcr 030 m 
<md¡ut 0,15 m) 

I- \m i m : .' -■ .'■ -— v$0kg)<0,l5m)' -0.9kg m* 

Fvaii afk: /dependí on yuoif ma» and wnlih bul not on your hcighf* 
9.76. Jiti Min: rae V hké lwo tlun 0,160 kg bar* cach 25 era tone 

Si:f I t p: Fora ¿Icndcr bar wtth (he axi* al one cniL /-ImL*. 



Ejocute 



;-2^ÍM¿'J«2^iJ<O.I60kgHO*25Q m) 1 - 6.67vl0 k kg m J 



EvaUiaTE: Thc valué of / U indepcndeni of thc anule belween the ovo itdc* of thc V; thc angk 70.0 a didn*i 
enicr into thc caleulation» 
9.77. Id*lmifv; K -jfaf. = rt* 3 . m-fT . 

Si:f Lp: Foradisk with thc axis ai thc cerner, / -!?mR ! . V « rxrt* 7 wbcrc s -0.100 m u thc thickrxisof thc 

flywhccl. /j-7800 kg/m* tithecten*¡ry of Ihe ¡ron, 

Ewiti'Fi: (■> *w-90,0rpm -9,425 rad/*, Z--^-- ^ lopM|cr J j ;»2,2S2*IO*kg-m*. 

AT (9.425 

m~fí'~ pxft'l t í m LmR' m -pxjR* , Thb gires R - (2///WJ f* - 3,68 m and thc diameicr i* 7.36 m, 
<W*í^/*V = 327m/* i 

EVaUíaTE: In tf-yto 3 , ^must be ¡n rads, ¡saboul 33fir; thc ftywhccl material mu*t ha\\? large cohesive 
sircnuih to prevent Ihc flywfml from llytng apart. 
9*78* iDEMin : K m ■ . To have ihe «ame K fot any <ú Ihe l«x> dai^ naitf hm ihe ume A Use Tablc 9.2 for A 

SefUp: kiiphcit, Í M -^M^R* + For*holkm + «phcre É /«.-jW^f . 

EXUCITE: /^^/ lrt .gn>cí,¿W^ÍÍ ! ^4W íW JÍ J aDd .W Mfrw - 4»'„ = tW . 
EVaLiiaFE: Thc holkm tpherc ha*s Icm mau sínce al* ¡ti man U dtMtibuicd fanner from thc 



9*79* iDEVtiFV: i-i/" *v - t wbere F i* the pcood of thc motion* For thc carthS orbital molion ¡lean 

trcalcd ai a point traxt and / - MR 1 . 

Si i Up: Tbeearth*& routíonal pcriodis 24 h -H6J64* . tuorbilalpeñodix I yr - 3. 156^10 i. 
.W-S^^Kr** kg, /t-WS^lO^m. 

r (86.164 «>' 

<b t i«f = ^7.1D"k 8)|l .5D. l 0"m)' =266[||0U , 

2 \ T f (3JS6*10 7 ir 
<e|Smcc thc l^anb'x moment of ¡nertia i* lera Ihan that ofa uniform sphere. more of ihe (Sarth'i mam musí be 
conccnttaicd ncar ils eenter- 

F\ Aii vfk: Tncvc kinciic cncrgtci are \"ery lar ve, because the raast ofibc carih is tcty brge. 



Mi Chupttr* 



JogYnn : l r*mu enere) constdcratioR&, ihe nwm ittin* a* kinctie cncf ííy ihc loti potcntia] cncruv. 



Ser I r Tbc kmetic cnergy i* A' --far «V .wiib : - thc di ,1. 

I \m i 1 1 : KmLiJ+~mimXf~^{Í+mK*)> Uñngl=±mR : *nd lohtng for<tt. 



JA 



Kvau'.uk: Thc «nuil obicct has speed i 



rxil aitachcd tu thc disk 4ml wu dropped (rom a 



hcight A. íl would altaío a *f ced ^2gR . Bcing utiachcd lo Ihc di*k reducen ti* ñtul ^icedby a factor of 
9JtL lotMin: Use l'q.|9_2Q>ti> calcúlale/. THcnusc JtT * llof u> calcúlale A', 



(a) Ser tr: Thc obtect u ¿ketched in Figure 9.S 



[on^uler j sitial) stripof widthdV 
ind a disiancc t bclow thc top of thc 
tríangle. 

Thc kngth of Ihc *tnp b 



P%BI«9J] 

I*\i:cith Thc Miip luis arca t i/t r and ihc ¿red of thc sígn ü w thc matsof thc sirip ú 




(b> /^W 1 ^ kg m 
2 00 rev * ■ 400,7 nd» 

A-^-W -182 J 

V.\ ai.i ui i From Tabk I 9,2 ) H if ihciign wcrc rccungular, with kngth/i. then / Ourrcmlt b une-hall' 

tltis. imec nutiA ts eloser to thc ¿m* for thc triangular (han for ihc rectangular thapc* 
9JI2, IdevtIFY: Appty con«7rvai*on of cncrgy tu ihc micro. 

Skf L t p: Tor thc fulling rou» K - ¿mr* . For thc whccl K-^Iúj . 

txtci feí (u) Thc kinciic cncrgy ofihc lalling mas*aftcr 2.00 mis K -^uiv ; -y(8.O0 kg)(5.<W iih(-!iiiiJ 
Thc change in i* pownlial encrgy whilc falling Ls uujA -(SOQ kg|(9 « mV 1(2 00 ro) - IS6.8 J ♦ Thc wheel 
have thc 'm«»ing" 56.R J in thc Ibrm of toiaiional kinetic cncruv. Sinec ib. outer rirti u nuning at thc sin 



isine 



>■ í.00 m 's 



13.51 rada. JK--LfoT: thetefore 



0,370 ra 2 

AT ■ . ^ ' I r.,. , i 

(b) Thc uhccTs raoi* U (2S0N>/(9.Km/s J )-2S.6kg,Thc whcel with thc largcsi pwuiblc momcni of incrlü 
wixild hu\c all ihis masi conecntrakd in jtv rim. Its rauroent of inenid would be 
/ - i/A 1 - (28.6 kg)(0 J70 m) 1 ■ 3.92 kg m* . Thc bow * whcel b physicully 
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EVALUATE: If thc man falh from rcü ¡n frcc-IaU itt «peed aiter it luí descended 100 m is 

v- j2g\2M mi ■ 6.26 nvs . ta actual ¡(peed U Iro because «orne of thc cncrgy of Ibc ¿yitcm i* m Ibc fotm of 

roiational kinctK cncruy of ihc wbcel 

Idilviih: contervation ofcncqiy. Thc *l»ck totales ahout a fixcd axj&io Á'-y/oT. Orxcwchavc ai use 
v ■ r*w lo calcúlale r tbr thc end of ibc iticL 
SO L t p: Tbc objccl ¡s tketched in Figure 9.83. 



Take thc origin of coordínales al ihc lowcst poini reached by 
thc *i»ck and takc ihc poulive v-dircciioti 10 be upwjjd. 



M3 

EXICims (n> U%e tEq49.1H): [/ ■ Mgp ■ . 

Thc cerner of mas* oí thc mcler sück w al it* geomcirical cerner %o 
j^-LOOm and -0.50 m 

The» AÍ/M0J6O kgX9.80m* J X0.S0m-L<Klm)- -0.784 J 
(li)U*econ*er%aUooofetpergy: £,+£/, + 1^ 

Gravity ¡* Ibc only forec thal does work on the meter itíck. *o - 0. 

Thui JT¡ =L\-Uj wbcrt ¿6* wa* caJculatcd in parí (a>. 

Jt,*^ jo 4/^-- AU and «4 s J2(-aí/)// 

Por Mick pivoled aboui onc end* / ■ whetc A ■ 1 .00 nv 10 




A/A' ItókpHLOílmi 
U » v - nv - < LOO ra* 5.42 nd %) ■ 5.42 m * 
(d) l'or a partiele in frec-falL wilb 4jp upw ard, 
v #J =0; v-y« »-l.00 ra: a ( --9.B0 n>V: 

v - -^2fl O— ¿V) " "V 2 *" 9 - 80 "" '"H-^OO ra) ■ -4.43 m* 

Fvaii afk: Tnc macniludcof thc ansm:r inpaM <c)ii larger. t/^^ ñ thc same for Ihc ¿tick ai lora partick 
falling from a beighi of 1 00 m. For tbe tfkfc A ■ ■ -( f Wt )(W ■ fífiV. Fot the site* and for ihe 

parlicle, K z \% Ibe «ame bul the *amc A* givc* a larger v for thc end of ihe *tick Iban for the particlc. Thc 

that all ihc other noinls akmg ihc Mick are moving ¿lower iban the end oppoiltc the asi* 
9JI4. lofAim: Anply con*crvai»on of cncray lo ihe iy*ietnof cylindcr and ropc. 



Sur V?z Taking ihc /croof gravitationoJ poicntul cnetgy tobe al ihe axlc, ihc initial poicntial cncrgy tiTKroithc 
ropc iiwrappcd in a eirele with cerner on thc axlc).When the ropc has unwound, ils center of man » a dislancc 
r^bclow thc a\lc. ^nce ihe leogmof Ihe topen 2xR and hatf ihis dittance n thc posilion of ihecetilerof Ihc 
maM. Initíally, cvery part of the ropc n moving with ¿peed aIj£* and u hen ibe rope has urm o-and, and ihc cylindcr 
hai angular speed ^ the *pecd of the rope 1% <f*R (thc upperendof thc ropc ha* Ihc Mme tangenlial speed at the 
edgeof Ihc cylindcr). / -{íf2)MR' lora uniform cylindcr. 
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E\ aja ate: When m 



, and (he *pccd of any part of thc ropc b ■» - ri>**f 



Alien m»M t m* 



ind r - Jr¡TlxgR . Thb n thc final 



ipeed when an objeci wilh imiial speed v, diVviw^ a dittxncc -t/í ♦ 

9JI5* lofcvn*\: Appty con*crv*l ion of cnergy toine «yslcm conrírtimt of bkiek*.! and tfand thc pulley 
Su Up: Thc lyilcm at poinls I and 2 of ¡ti moción i**kctchcd ¡n figure 9.K5, 



□ 




U 



Figure 9J*5 

Ujc thc ■ ' ■ - i> ■■ relaliofl K t + b\ tH^ - X +L* 2 . U*e coordínate* «Itere *r » upujrd and where ihcongin 

t\ at thc potilion of block // aficr :t ha* descended. Thc Icnsion in thc ropc <kic% omití ve wrk on block .1 and 
ncgativc wdcí of thc same magnriudc on block B+ *d Ihc nct work done by Ibc Icniion ¡n ihc ropc ¡* /cío. Qoih 
block* Nave (he «ame «peed. 

i- \m i i j : Cinvity óoc% work on block B and kinclic fríclion doe* on block A Thercfore 
A", - 0 (ivMetn n from rc*t) 

Bul ¡tblivin ■ JtaHpuUey), xo a* = iy and 
Puiting all th« tnto thc wotkcncrgy rclalion gtves 



EvaLUaTE: If m¿ »m 4 and f/Ü 1 . then block fall* Ircdy. If/is very brge, i\ \% very wiaü\ 

Mu« haw -wij > /ífcW t íbf motíoiv *o Ihc weight of ÍJ will be Urge? iban thc friction forcé on^. í R~ ba¿ unit* of 

nu« and u in a %cn*c ihc "ciTcetivc i«*h" of thc pul ley. 
9,HtV iih: Apply von^natwti of encrey to Ihc iy%lcmof two block» And ihc pulley* 

SO UP: Lct Ibc poicntial cna^y of c*ch block be raro al ¡i* initial poiilkm Tbc kindic cnenjy of thc *> rtcm í* 
thcKumof inc kinctíc cncrgic» of cacb object i - Víní, whetc \ » thc common speed of ihe block* jtkI m \% Ihc 
angular vclociiy of thc pullcy. 

EXCCUTE: The amouni of gravitai»onal polenlal cncrgy wh*ch tui become kinciic cncrgy i* 

K - M.Oí) kg-2.00kg)|9 4 itO ov's H5O0m|-9S0 J In tcinw of Ihc eommon *pcnl vof ihc bUtv thc kincln: 

cncrgj*of thc xy*iem ta ^ +nfj)i** — j . 

2 2 V*/ 

L4Ufcg-m 



>'°^^ 8 M-^^^Jkg), Solvíng for i give» v- f^°J -2JI m/* 
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EYauiaTE: )f thcpulley t% irtuuleu* 9K0 J -¿(4.00 kg + 2.00 kg)i and v-5.72 ni t The mumcM of < 
of thc pulley reducen (he final tpced of ihc blockt. 
M7. iDfcvnM 4jhI S#;r L'p: Apply comer-ilion of cnergy to thc moinn oí thc hoop* Uie IC*| |9 t |S> lo calcúlale f f _ . 

U*e A' - -/rt** fiít tlte kinclK c nciuv oí th: hoop Sohc for ^ TT»e center of ma» oflhc hoop i* al (ta geométrica) 



Takc thc orígm lo be ai Ihc oncina] I 
ai thc cemer of thc hoop, befóte il i* 
toone aide* a* *ho*T> in j'tgurc 9.R7, 



Hjcure 9.87 

j-^ -£-Acc«J?- R\i-ca*fl) 

y v<J - 0 ( jé cquilibrium posilion hoop is al orig mal postilen) 

Encere a; +u,+r*.-JC a +t/ 1 

H* 4 ±0 (only gravity doc* worfc) 
iC, = 0 (releatcd frooi rert) JC, -4#«¡ 

Forahoop, $ m -¿A/tf\ «o / - Std* * iflf with d~R *nd i -2MR\ íorm ,i icedgc 1 h. , 

Thu* JTj+I/,**^ cJCj+í/j grve* 

♦Wj¡rtU-ce«^-*WJíW and -w- ^gM-ctufit.' R 

EVALUATE: ! J /> ík iben oi¿ - 0* A* inctea*e*, o* inoease». 

iDEvnrv: A' =4to\ with w inrad*, p_ CT * no 

SErUR KorasdidcytiQdcn J-flffl 1 , I rcv ciun -(Xt 60t nd* 

ÜMitt'FK: (■> »■ 3000 reviran -314 rad* . / -4(1000 kpH0.9<W mr ■ 405 ky m 

Jl -¿(405 Itg oi J MJU rad*r -2O0x|0 T J - 

y> UE6xl0* w 
EvaUtaTE: 1n A' -t/fti\nímun u*c r*m rad ** 
9,H9. lof-Mirv: /■/,+/*. Apply curocrvatH>n of cnergy to thc *y*lcm* Thc cakubtion » unularlo Examplc9.9 

Skf L t p: — fitr part (b) and <y- — fbr parí (c)* 



t -2,25-10 '*fcg<m*. 

|b> The mediod of Eumple 9,9 yieU> v - . 

[ 2,9KOm/s'HlOOn,> M 

l|<lr ((2,25x10 *kg m^;<150 kgW0O25nij , )> ^ 



Thc *anx caIcuUikmv wih A- imtcidof A. gí>e* v-4 + 95 m/v 

EVaLiiaFE: Thc final ^pecd of thc hlock U gieaict when thcsbruig b ^rmppcd around thc larccr diA. r = Aa» 4 su 
wltcn R - R thc factor ihai reblen i* lo <y ii larucr, Tor R - R a larger fraciHHi of thc toul kindic encrey rciidcii 
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with thc block. The total kmctic cnciuy is Ihe ume w btrfh ca*c* icqual (oíhit.i, hi when « - ¿f thc kinclK cncrjiy 

jjh! ¿peed of thc block are greater 
9.90. lo*~viuv Apply con»mai»on of cncrgy lo ib: molion of thc imi» after ¡t bits ibc uround* 

1 . 



Km;c i Ft; (u) tn thc ca*c Ibai no cncrgy i* loxU ihc rebound hcighl #V i* rclalcd lo thc »nccd vby A 1 . and 

tt h (ih thc Ibrm Ibr v civcn in Fxampic M, W ■ ^. . 

I* .l//2oi 

(b) Coitstdcring ibc ivtfcm a* a tvholc. somc of ihe iniiiül potcntral cncrgy oí thc ma\* wcíii into ihc kmebe cncrgy 
of ibc cylindcr ConMctoing ibc mat* alune, thc ten vico in ihe Mrinv did work on thc mas*, «o ii& loial cnciuy « ñor 
i mi wni mi 

EvaUiaTE: If ih » .W * V-k and Ibc ma** doc* rebound to ilx ¡nuíal hcight* 
9.91. iDEvnry; Apply conscnaiion of cncrgy lo reíale thc hcight of thc man to thc kinttic cncrey of thc eyhnocr. 
Si: r Up: Frm use Afcvtindcr) ■ 250 J lo find for thc cylindcr and v fot thc ma». 

I Attt'FE; 1 -±Mfe r -U10»0kgK&IS0m) j -0 1125 kgni 1 

A' - Vw 1 ki a> - ^ftA'.'J - 66.67 rod.i 

. ■■ . !!■ . mu 

Sur t'P: U«c conaervation of cncrgy K t *U í = K i +U J to sohe foi (he íUsIajkc ibc mas*. dcscend*. Takc y - 0 
al k>we*l potnl of thc man. so i\-0 and y^-A* lhcdbtanccmcrna«¿dc*cnd* + 

mgh^trmv' + ^ia?, «tare m-l2J>kg 

For me cylindcr. /-flflc* and ■ . ñ *> ^.W =.¿Mv\ 



EVAUUfKI Foe ibe cylinder A^ -^MR'^iv/R)* -^Jn**. 

í^-;^, ta A\ M -(2i«. l .l/|A^-|2lI20kgKII>.Qkg|(25OJ)-600J. Ibc man Im 600 J of kinctíc cncrgy 
wltert ibe cylindcr ha» 250 J of kinclic cncrgy and at lb¡* point thc *YMcm ha* loial cncrgy S50 J xincc f \ ■ 0, 
Inttiatly ihe loial cncrgy of thc iy%icrn u f - - * fíí $ -850 I. io ibc loial cncrgy U *hown tobe contened. 
9.92. Id&viih: ilnctvy cootcnation; L™ of L f of box equab gaín in £ of sysicm* Dolh Ibe cylinder and pul ley nave 

íergy of ibe form K — ^to*. *\ mt gh ■ ytii^v^ * ~^r*tn <x> fr^ > *~ Avr t ^Vrfct * 



r.\M iTEi - —Mij v¿ > — I — m f r I I — I +— I — m t -f¿ I I — I * m^gíi - — a%v¿ + — '" f v K + — wi. i l( and 



t. - 



2 1\2 r )\r 9 ) 2 \2 

w tJ r* liV00kgii9 KO niVhl 50 m) 



^w^ + ^m^^m^ Y L50kg ^1(7.00 kgi 
£VAUtaTE: If thc box wa* dnconnecied from thc roñe and dropped (rom rctU after falling 1.50 ni iUipecd 
Id be v = J2g{\30 m) - 5,42 m* . Sin ce in Ihe proUem some of ihe cnerg%' of ihe 



cncrgy of thc cylinocrand of thc pul ley, ibe final speedof thc box i* les* than ihiv 
9M. lotvnr^ : Íml má -I tátr whcfc / M ü i for thc picce punebed from thc dixk. Apply Ibe parallcl»a>x¡* Ihcorem lo 
calcutitc Ibc rcQuircd momcnLs of inenia. 
9ETUF: Foraumfomidiik. f ~±MR\ 



Rotation uf Rifr^t Bodic* 9-25 



Kxtxt'm: (a) Ihc mu tal morocni of incrlia i* -^AZ/t'* Thc psccc punchcd has a mas* *rf — and a momcni 

16 

of incrtia i*iih rcspcct lo thc axis of thc original dt*k of 

w/f. 



16 2(4) '(2) ]"SI2 



512 

(b) / , i.lW • *#(Jt/2)' - t(M i lóHJÍ^l* - ■SM/f- 

Eyaja aFE: For asolid disk and an axis al a dutancc H 2 Irom thcduk's ccnicr.. Ib: paral le l-axt* ihcorcm (jjvcfc 
Im^MR 1 m^M? = For both cholees of axc* ibc préseme ofihe hok reduces /. bul Ihccffccl of Ihe hok 

i» greakr in parí ( a ■ wbcri ti is farther from thc j xi ■ 
9*94. iDEVfltY: In pari<a)usc ihc paralkl*axi* theorem tt> relate thc monvni of mcriia / — for an ax« througb ihc 

cerner of Ihc sphere to S, , thc moment of útertia for an axis al ihc pivot. 

Si;fUp: Hora unifomiMmdfphcrcandihcaxu through ifs cerner n i.WU J . a skndcr rod and an axñ at 
onc ctkd is -mi' , where m i* Ihc mas* of thc rod and £ u ils Icnuth 

EXECITTE: (k> From Inc parancl>a.xU Ihctircm. me momcrü of ¡nertia i» i e -(2f$)MR ! + A/¿\and 

KVAUWttl In both ihcsc caic* ihc correcbon lo / - «¿' ¡* very imalf 

9.95, lot-MiH : Follow thc mstructkm* in Ihc problcm 10 derive Ihc perpendicular >axi* Ihcorcm. Thm apply thai 
rcsuli in parí <b). 

Sur Up: / ■ Vm;;' ■ Thc moment of inertía Ibr thc i*ashcr and an axis perpendicular lo Ihc plañe of thc *vushcr 
ai its center is - Mi R *ft¡}. lopart (bK/ for an axu perpendicular to thc plañe of thc sentare at its cerner u 

Ext CUTE: (1) \Vith rcspcct to 0* ¡¡"«j^'+jv 1 , andso 

<b) T«o perpendicular axes. bolb perpendicular to ihe washcr's axis, Wll have ihciamc moment of inertia about 
thcuc axes, and thc perpendicular 1 axis theorem prediets that ihcy will surtí to thc momcni of incrlia aboui ihc 
uaihcraxis. tth»chi* / = 1M|J^ * Jt/K and*o / -t t *iMiM*+Ñ*% 

it\ í t m -.. / Sirxc S tí - S t * I r mdt t -t t . both f t and / mvi be ^ ju¿\ 

E\ ai 1 vft: Thc rcAilt in pan (c) jay* that / ii thc «ame Ibr an axis thal búcets opposite lidc» of thc «quarc as for 
an axisalong thc diagonal of thc tquare + cven ihough thc dUrnbution of mai» relativo to Ihe hw axes i% quite 
dilTctent in thc« two ca*c* + 

9.96. lotAiux: Apply thc paratlel axn theorem tocaeh sm)l* of thc squarc. 

Skf Lp: dach «de has Icngth a and ma** l/M, and Ihc moment of inertía of each *idc aboui an axis 

perpendicular to thc siete and ihrough irs center is -rriMa ! - ±Ma ! . 

Exjxitfj Thc moment of inertia of each sidcahoui Ihe axis ihrouch ihc ccnicr of thc suuare from ihc 
perpendicular axis iheorenv ^ -r^ji^j ■ . The total moment of inercia is ihe sumof thc eonmbutions 

from lhcfouri*dc*.or 4xS^-mi^ m 

l*\ Ai i 'aFe: If all thc mau of ai*de wcre at lis ccnicr^ a dittance a '2 from ihc axis, «xiuM have 



from thc axw, we «ould have / B 4^^^j =i 



mau was divKlcd cquaDy amortg thc four corners of Ihc square, a dulance 
Wa ? , Thc actual / is betwccn ihcsc two valúes. 
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9.97. locviin : U* fiq.19.20) lo calcúlate / 

<a)SrrUr: l*cl t hcihc fcngthaf mecYiindcr Divide ibc cylindci inio rnin cylirklricai vhcllt of inner radios >■ 
and oufer radái* r + dr. An end view b tbowo ¡n Figure 9.97, 

p *ar 

Thc nj+iw of thc thiíi vylittiitival ihcll w 



Figón 9.97 

I- \m i m : /^J r a dü^ZjrrrljV «*^2m£(i*>fro¿ff* 

Relate .Uto <r U -| Ja - :^// J | --tií/./í . m> mUi/Z 
U»ng ihi* ín ihc above renult fu* / . ■ e* I ■|<ll#/3)Jr l »4 I* 1 . 

(b) EVALUATE: For acylmdcr of unifomidcnMiy / Thc amwcr in (a) h largor (han Ihis. Sincc thc 

dcn*¡ty mércate* *ilh dulancc from thc axi*. ihc cyUndcr in (a) ha* more ma*s fanher (rom thc axu (han íbr a 
eyunder of unitbrm dcrmly. 

9.98. Ji>i \nn : Wrilc A ¡n lermi of thc |X"™d 1 and lakc dcrivalivcft of both *idc* oflhi* ecuación torcíate dKfdlta 
JTfdt. 

mi Un ■ __ :nd A' - t/or* . Trie ipeed of bghl i* c- 3,00x10* mi, 

EXECVTE: (u) A - ■ » — p . Tncraicof cncrgy km » — . Solving for thc momcnl of 

T di T ds i dé 

inertia / in icrmiofibcpowcrP. 

/-.— _J_,P»»*" W033l^ LL_-1.09scl0 1- kgm J 

4t afT/aft 4t* 4.22*10'"* 



y 2(1.4X1. 99* 10" kg) 



r (0.03 
ir ir 



(d> p ■ — - — — — r ■ 6.9x10' kg/rn*. «fiich b rnuch hictvr iban thc dermiy of ordinary rock by 14 onkrs of 



id b comparable lo nuclear mas* dcrwmc* 
EvaUíaTE: fu hugebccaiMC ¿Uiihuge. A maU rale of chande in (he pcfiod correspond* lo a lar ce 



9.99. lokvnív: Jn pan 4 aK do thc calcula) ion* a* ipcciñcd in thc htni* In parí { til cakulate ihc m&t* of each thell of 
irmer radiu*^ andouter radia* /f. and wm lo get Ihc total mau In pan (c}u*c thc exprcuion in part (a) lo 
calcable / for cach shcll and mm lo get Ihc lolal / 
Si i i p: m - r y For a »o1id iphere, I'-ít/í' . 

ÜUiC iTtu (a) Tolloning thc hint. thc momeni of incrliaof auniform *pherc in lenm of ib: nuM dcttsity « 
i - jMR* - — and %o thc difTcrencc in thc rnoment» of inertia of lwo hphere% wiih thc *amc oVniiiy p bul 

difleretMradH ^uAñ, i* fmp^trflSH^-^ 

ib) A raihcr lediou* calcularon, «imnung thc product üfihc dcn*itic* lime» ihc AfTercnce in Ihc cube* of Ihc radii 
(hat bouod thc región* and multiplying b>* 4^/3. gira 10 a * kg. 

(c) A similar calculaiiotv mnuning ihc product nf thc dcniitie» limes Ihc diflcrencc in thc fifth ponen of Ihc radii 
that bound thc regioru and multipl>ing b> + Sr/15, gi\e* / - 10 ' kv m - 0 .>í4.Wí : 

EvaUjaTE: Thc calculaled valué of / -OJ34A/ff : agMxclo^ly«immcmeaiuredva]ueof OJÍOSA/ií** . TTii» 
himple mudcl w fairly accurale. 



9. 



IDEVTOY: Appty Eq><9.20i 

UP: Let * he ihe coordinare alonu the vertical uxiv rtz) . cfru - t/? and *// - -2 

A A" 2 A 



/ - f ¿/ i^íl f * 2 *<h - 21— fr* T = i- *»ff*A . The volunte ota right 



T T ^ lol 3 J 10 

EvaLUaTE: Fot a uníform cylincto of rudiu* R and (oran axi* through iti cerner, / ■ -ll7f J . /for ibc c<fnc is 
lc«t* a* expected*. *incc Ihc eme is comtrucicd frcun a *ctíci of parullcl dnc% whoie rodil dccrcaic from ft to/cro 



along the vcriWal axi*of the cene. 
9.101. IdevHFY: Follow the ¿lepx ouilined in the problcm* 

SCT Vfz ap - i/tf/ di . <r, ^ i V fdt 1 . 

Ext c ITT t: {%} ds-t dO-*\iiú + fíOdO m^B^I^I 1 . tfmurt be in radiant 



: - w - 



Ib) 



-r^ pve* a quadrabe in f . Tbe peaitive *olui»n i» 

r„l. 



[el DiifercMuiinií, wííl- — - a - — --— M . The ungular accclcraiion a isoot 



(The neguiivc ¿olution ivould he goinc hactavanb* lo valuci of t rcmallcr inan^ t -) 

ii flv* 

ddudubL 

|d> r f -25J>mnv <J imut be mcauircd in radium. %o /J-(1.55/rm/rcv|(J rev/2r rad)~ n -247j/m/rad* Lúng 
0r» (rom purt f bj. the total angk lurned in 74.0 rnin ■ 4440 % \% 

g *2.47 10 1 — radí^ 2 ' 47 * 10 mirad )t L25in,t *l* 4440 *' ,, ( 2S ' 0,íl0 "'"í - 25 ° Kt0 ' »j 

0- U37*10* rud.wfakh i* 2.13*10* nw. 
le) The gruph* ure ¡ikciched m Figure 9- 101 ♦ 



\i Hit; musí <lccre»e ai* r menom. 



ti. Fot ni lu dci: 



m time, a mini be 
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Dynamics of Rotational Motion 
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(0.1. Io*-Mum Use Hq.i 10.2) to calcúlale thc magnitud of thc toruut and use ihc nght-hand rule itluttratcil in 
Fig,< I0.4i lo calcúlate ibc lorquc direction. 
(■JSrrllr: Conndcr Figure 10. la. 

Exkctte: z -Fí 
r»r*in* = <400 mlwn^ 

- 4ja - -\y = " r«4.00m 

" '* * / r ■ (10.0 NX4.00 ni) - 40.0 N - m 

Figure 10.1a 

Thú forcé 1 icnd* lo produce a counicrclockwise rolatíon about ihe axii; by ihc right-hand rule ihe vector f is 
directed oul of the plañe of the figure, 
(b) Si l Lip; Comider Figure 10.1b. 

f-rxind-14.00 mina 120* 

toh * , " r- (10.0 NX3.464tn)- 34.6 N id 

Hgttrr lOJb 

Thú forcé icnd* lo produce a counicrclockwise rolatíon about Ihc axii; by thc right-hand rule ihe vector r a 
directed oul of the plañe of the figure, 
(cKSETLP: Comider Figure 10 Je. 

EXKCtiTfc: t -Ft 
Ur*uid-<400 ml«n W 





- .1. . í~2.00m 
; * r - 0 0.0 NM2.00 ni) - 20.0 N m 

Thti Ibrce icnd* lo produce a counlcrclockwí*c rolatíon about Ihc axb; by Ihc right-hand rule Ihc vector f is 
directed oul of the plañe of the figure, 
(d) Ski U- Comider Figure lOJd. 

CstEflIi:: r = Ff 




, ; ,4 /»r«nrf*<2.00 miiinóO 0 - 1.732 m 

r-flO.Q NKI.732 m>»17JN*ni 



EU.ld 



Thü Ibrce icnd* lo produce a clockwixc rotaiton aboui the axis: by the rtghi*hand rule the vcclor r n directed into 
the plañe of the figure. 
(r)SKtUP: Comider Figure 10.1c, 

EXKClíTC: r - Fí 
. r =0 %a /-O and r-0 



Itait toje 



ni- 1 
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(Q&tUf: Coroidcr Figure 10. ir 
jú* » = 



ExixiTK: r - 
so /-O and r-0 



lujar* lflJf 

EvajjiaIT: The torque b *cro in pan» íc) and (fk becaute thc moment arm b /ero; the Une of acüoo of the forcé 



14.2. lotvnrs : r ■ f7 wíth / ■ /-*¡n¿ . Add the t»*> torque* to catailatc ibc nct torque 
Si r l."p; Lct coun lerc toe k w ¡ *c torque* be p*™tuv 

I Ai CUTE: r ( --f/ ( --lRO0N«5 + 00ml- -JíiüN m r - + - (I2J) NX2 + 00 m)nnJ00 fr - -«12.0 N m 
^ 2K0 N m Ttwnci lorque i% 2K.0 S" m . cloek* w. 

K\ Alt atk: Evcn though /' -./' . tlx rnagnilude of r. ti greater than tltc mag nitudc »í r*. becau*e /¡ tu» a 



14.3, lotvnn and S*;fL'p: Use t^llOJlrocakuUtcIhcina^uikofcach torque and thc nght hand rule 
{Fig, 10.41 lo ctacrminc ihc directron* Con«¡cto Figure 10.3 






0090* 




\ / 
i 'i 



Figure 1U 

Leí counlcrclockwisc be Ihc pouhvc *en*e of rotalioD 
EXKCirrt: i¡ - r, » ií « ^O.Q90t»r + 10 090 oi) J - 0. 1 273 m 

t*/¡*ín*» (0.1273 m)«n 135*^0 0900 m 
r,-H1U NHO-0900 m)*-l.62N m 
r' t b dircclcd iolo puper 

/¡ -qriftA -(0 .1273 mjMnl35* -0.0900 m 
r* - 1<26.0 NH0O9OO mi * i - 1 i N m 
r\ b dirccicdoui of pape* 

r, » r¡iíu ¿ »<0J 273 mlun 90* - 0.1 273 m 
r,«+(14.0KxO.I273 m)-+L7SN m 
r b dirccicdoui of paper 

^r*r ( +r J ^r J «-l62N m*2.34N inf 1.78N m-2 50N m 

EVaUiaTE: Thc rwt torque b poiiúvc, whkh mcan& it lcitd& lo produce a coualcrclockwisc roUtion; ibc vcclor 
torque tí dircclcd oui oí thc plañe of thc paper* 1n lumtninj; ihc torque* it b importani lo ioelude + or - vign* lo 
show direciiurt* 

10.4* Id*-n nm Use t -R-rF *im>in cakubtc thc macruiudc of cach torque and u*c thc nght-hand rule to 
determine Ihc directionof cach torque. Add ihc lorque* to lind thc nct lorque. 



Si r l'P: Lct coiinicrclockwitt lorque* bcpoutivc For thc II.9N" forcé (/^ V Forme 14.6 N forcé* (¿Fj). 

r«OJS0mand ¿ - 40.0" . Fot thc 8<50 N forcé ( J ' ■ ..... ..i - '--i» 

EXKCUTE: r ( »0. r J -HI4.6NH0J5Om)*Ín40 + 0 Q --J + 285N ro. 

^■^BSONXOJSO m>ún900 ü *»2.975N m £r = -3.285 N ni * 2.975 N m = -0.JI N *m The nd lorque 
j- 031 N m and i» clockwte. 

I \ u i m i : : cal -que* a* vector*. r\ h imo ihe nage and rSi*ouiofihcpage< 

Uk>. iut\t\b\ andStir L'p: Calcúlale thc totque uung l.q.1 10.31 aiidatai determine inc ibrcction of thc toruucu*¡ng 
thc righl-hand rule. 

<*) r - 1-0.450 mlí + tKUSOmW; f = {-5.00NB%<4.00N)/ The sketch i* g¡vcn in Figwc 10.5. 



Figure 10.5 

ExiXite: (b) Whcn thc lineen of your righi handcurl from ihc dircciion of t ¡nio ibc direction of f fthrough 
thc xmallcr of thc two anglcv anule $ 1 your Ihumb pointi intn thc pace (thc dirccUon of r. thc -;-dircct¡on). 

{€} ^r^f ^[<-0.450m)i^<0J50oi^]«[(-5.00Nk r »(4MN)y] 

?*4<XMN**»)íxí-(1.80 N-ra)í */- (0750 N * miy ki~ ♦ (0 600 N ■ m)jxj 

txt-jxj-t 

Íh>-j¡, jx/ = -¿ 

II , r>-<lJ§N m)*-i0 750N mk = (-IÍI5 N m)t. 

EVAUMTE: Thc calculation give* Ibai t be in thc -r-dircclkm. Tbi* agrec* with what got from thc right- 
hand rute. 

14.6. lDE.vrm: Use r - Fí = rF%\a& for thc magnitud* of thc lorque and ihc righl hand tule for thc dircclion. 
mDR InpsrtUK r-0J50maod p = 17* 

Eu:c i ri : (a) r = (17.0 250 m)*in37' ■ 2,56 N m . The torque ta countcrclockwüc. 

(b) Thc torque i* máximum whcn c* - 90" and thc forcé ¡* perpendicular lo ibc wrencb. Thi* máximum lorque i» 

(1 7 0 X KO 250 mi 4 25 N m . 

KvaI-I vik: If thc forcé tadirecicd along thc hand le Ihcn thc torque ti /ero. Thc lorqtx ¡ncrca*ci a* thc angle 
bciw-ccn thc forcé and thc handlc incrcaic*. 

16.7. iDt.MitM Apply ~^ a * - 

SETUP: al -0. ai - <400 rcv. roinH 2 * | - 4 1.9 rad * 

V ÓOftmín } 

t^CVJiz r^fa^/^^ B (2J0kg m ; ) 4í ^^l3.1N m. 

EvautaTE: In r, ■ /a, , « muM be in rad**" . 
10*8. lo^-N Vtk a corutanl accclcraiion cquation tocalcubtc *i and ibcn apply ^ r = Sa á . 

Ser Lp: l -$ÁSR ! + 2mR\ wbere W ^B.40 kg. m -2 + 00 kg. «> J- 0.600 kg m J . 
ft^ = 75.0 rpro - 7.S54 rad/s; iv, - 50.0 rpm - 5.2J6 nd/%: r = JOOi . 
I \n i 1 1 : « s % 1 ■ pvena =-0.08726 rad/*' . i - /a =-0.0524 N m 

F\ Al t "atk: Thc torque U ncgaiñ'C bccauic iIn duection iioppo&iic to thc dxrcction of rotalioiK wbích mutí be 
thc case for thc xpeed (o dccrcaic- 
10.9. lof.viiM: U^c y* * -ta localculatc a . L"*c a conitant augubr ac^clcrat.ou kincmatic cquation to relate . 

andi. 

Skf i V: For a %olíd uniform tpbcrc and an a\i« ihrough i\\ center^ / - . Lct thedirection thc sphete h 
spanning tv thc poutlvc «rué of rotatlon. Thc momcni arm Ibr ihc fríction forec Í> / =0.0150 mand ihc loruuc duc 
to thii Ibrcc U ncgaiive. 
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EXEtirTt: u|tf - — : ¡.s-14.8 rad-V 

/ ¿(O235kclí00l50mr 



(*»> ^ -«^ = -22.5 rad * . w - al + argm* *- 



-".5 rad* 



- I 52 i . 



a 4 . J • 

t.\ ah Mi; The fací (luí « i* ncgaiWc meara it* direction » opposne to (he ditection oí «pin Tbe negative 
a t cauic* a> lo decreax-. 

10.10. lot-vim: Apply ^ r ■ I<z t lo thc whccl. Tbe accclcrai>on *i oía poini on thecord and (he angular accclcralion 
a of (he whccl ¿re rclalcd by j - Ra . 

Si r t'P: Lct ibcdircction of rotaiton of thc whccl be potilive The whccl ha* Ihc «bañe oía d»k and / - -MR* . 

The rVeC'boiK' diagram for ib: wheet i* *kcicbcd in liuurc ID. lita Ibr a horizontal pulí and m Ficurc li>. Itt» for a 
vertical pulí. P « thc pulí on thc cord and F U ihc forcé exerted on (he whccl by Ihc axlc. 



lAKUl: (a) a ■ — ■ 



i«).ONi|l>-250nii 



J4.H rada* j - /ir/ - <0.250 mH34 K radio ■ B.70 mí 



/ ±|M0 kgMO 250 m, J 



ih dirceted at ob.l above (he hon¿*mtaL auay Irom Ihc dircclnn of thc pulí on thc cord. 

fe} Thc pulí exert* thc unte torqoe ai in pari(aKio ibcan&wcre ioparl<a}don'i change. In parí (b) t 

F + P- AJÍ and F - Afg- P-(920 kgK9.R0 mVV*0 N ■ 502 N . The focce exened by ibcaxfe ha» 

magni(udc 50.2 N and r* upwanl 

EVALUOTE: Thc wcighl oí ihe wbcel and thc forcé excrled by ihc axk produce no (arque because ihcv acl at thc 
ule. 





Figure 10.10 

10.1 1. lot-N iwi: Use a conuani angular accclcration cquaiion lo calcúlale it and (heo apply ^ *. - /« lo Ibc mol Ion 
of IhecyHnder ¿■ar. 

SrfW: f ¿**JÍ ^825 ltgH0O750m) ' «0.02320 Itg m' U-MhcdireclionilicevlindcriNrtTtatintibe 

po&itíve. - 220 rpen- 23.04 rad'üiu = ft tf-fl^ - 5.25 rev - 3 3.0 rad . 

I \n i 1 1 : np* = ft¿ * 2a grve* a - -8. 046 radV . £r ( »r *-f t R --p^ti/t. Thc© - /a give* 



dircct>on of rol ji ion and Ihcrcforc product an angular 



in 

-MjUt - ta and n - — - - 7 47 N . 

A* 

EvaUtaTE: Thc friction lorqjuc u dirccled 
accckration that tkm^t thc nxabon. 

10.12. lofAiiM: Apply ^ F - má to thc slonc and - ia. lo thc pulley. U%e a comlani acccleratíon cquaiion lo 

llnd a ibr thc ^lone. 

Sur l e: For thc rnotíon of Ihcrtonelake +v lo be don nward. The pulley ha» /«ilíB*. n - ¿ir/ 



□yrumictol ki'Utinuil MolKin IH-* 



Euctu: ia) y- y, ■%f+i# J f a |tal 12.6 ra (3 .00 and m¡ -2.80 m/s' . Tlien ^f* applied 

lo ib: Honc gire* - T - J£r - /» d applttd lo thc pullcy give» 7VÍ - i.W/í"« - J-W'lu /í t . T - ±\kt . 
CTombining thc»: i^o cquairara to elimínale Tgivc* 

, Uí a \ fiO.OkgV 2J0nW ^ Tnn . rt 



|b> Tm-Ma ■ -{10.0 kg)(2.*W mi ) 



L40N 



EVALUATE: Iíií' tcnuoninihc ttirci*lc¡« inan (be weight mg ■ 19.6 N of Ihc rtonc. became thc Monc tu* a 
dravnwird accelcralion. 

10. 13. iDt-vnFY: Use Ibc kincniaüc informairan (oiolvc for thc angular accclcraixm of thc grradtfone. Axiumc tKit thc 
grind&tonc i% rotaling counicrclockwi&c and let ihai be thc poiitivc *cn*c of total na Ibcn apply Eq.(10.7) lo 
cjkrubtc ihc friction forte and ux j\ ■ f^n ta calcúlate j/ L . 

Sur Up: ■ HS0 rcv. nüntlx rad 1 revK I mmMJ x) - K9.0 rad» 

f = 7 50 <; «i, -0 (come* lo reufc a. ■? 

I*\*;íattE: ai -¿y. *-ai 



D-SQ.arad 1 * 



--IL9 radY 




7.50 * 

Skf UP: Apply y r ■ ¡tt m to thc grindtfonc. Thc frec*body clügram ¡* civcn in Figure 10.13 



figure 1 1 » _ 1 1 

Thc normal torce Km *cro motncni omi for rotation aboui an axr* at rbe center of thc grinditonc, and ihcrcforc /ero 
(urque. The oniy torque on thc gríndtfonc is Ihai duc to thc Jriciion forcé f K exened by ihc ax; fttt thu forec ihc 
momcni ami U { - R and ihc lorque is ncgaiivc. 

Enture - -a* ■ 

y ■ * i wIhI dlxk, axíx Ihrough cenler) 
Thu* -Iff, give* -^*JU(.Utff J [<r 

K " 2n 2(160 N) 

EVALUATE: Thc friction torraic U clockwisc and ilow* down thc counicrclockwisc rotación of thc grindttonc. 
10.14. IdeXTIFY: Apply - m*; to thc bucket, with i-y downwird. Apply - to Ihc cylínder. wilh thc 

direction thc cylindcr roíales ponhvc 

Skf Up: Tbc Ircc hody diagratn Ibr thc buckel is givcn in Fig. 10. 14a and ihc lrcc*body diagram Ibr Ihc cylinder 
UgtveninFÍg lO.I4b. í-LMfi' . r-i ■. * . ¡ . . ■. I iJch 

l'Miin: (slFordiebucket. mg - T-ma . For thecylinder ^ ~ fa giw TR-^MR'a. a-a R then 
$íw* T - - l^i Ci>nibinir^ ihctc tftoci{iuiioitK ene»» --A/*; - and 

— -í l5Qk » VjQ^-TJOn^V 

M+AfV2 I,l5.0kg^6.0kgj 

F - /.-i .: ■ (15.0 kgK^HD m V - 7.00 i - 420 N . 

O) ^v;, + 2<Uy-y,> give% v, = J2(7M mVx I M ro) ^ 1 1 .8 mfc . 

<c> f^MOaV, r Ori 0, y- A = 10.0 m . y-y, -V + t«/ gh» ' = J^V^" ^J0 ' ¡M * 



1*4 Chaptrr 10 



(d) ^ i' - iti0 t applied lo the cyunder gne* tt~T - Aíg ■ 0 and 
«sí'tfl..: 410 N t (12.0 kgX9.80 míV 160 N , 

EVALUxTE: The tensón ¡n Ihc rope ¡& Icst (han Inc uvivht of the buekcu bceau&c ibe buekel ha* a downward 
lecclcration lí (he nypc ivere cut. so the buekel tvauldbc in ftec lall. ihc hockel nould stnkc ibc water in 



f - 



2110.0 mi 



buekel. 



43 *and vrould nave a final *pccd oí 14.0 m s The 



nflhc eyhmlcr dws (he rail of 




Figure 10.14 

10.15. iDEvnrv: Apply V f - mtf to eaeh book and apply ^r - ta tothe pulley. U*ca 
cquation ta And Ihc common aeccieration of Ihc book* 

BerDR ^ = 2O0 kg , *r-3.00kg.l.ct 7;bethc tenion in the pan of tbe eord aitadted 10 m t má T : bc the 
tensión in the parí of Ihc cord aitached to m ¡ . Lct Ihc *x*d¡rcci»on he in the dircclíon of ihc aeccieration of eaeh 
book. */ - R<i . 

; - -i- \ and ; . . uia_2N. 

<b) The torque on the pulley i% ( - ~0.R03 N- nvund the angular accclcrahon i* 
■ ■ f! i\ s í/a- 0.016 kgm\ 

EvaLUaTE: The tcnutmi in the two pnrt* of ihc cord must bcdilTcrcnt. so i he re will be a nct lorquc on Inc 
pulley. 

lOKvnrv: Apply ^* F - »ta to eaeh hox and ^V*r - ía m 10 the pulley. The magnitudc a oí the aeccieration of 

rach hox n relaicd 10 ihc magnuudc of rbc angular aecderation «oí the pulley by a - Ra . 
Skf L'p: Tbc frechody diagrama for cach objccl are shown in figure 10 Iría-c. For Ihc pulley. R ■ 0250 m and 
/ - - .]¡ndr a are inc lemior» in Ihc vrin on cither tide of the pulley, m ■ 1 2.0 . m¡ - 5.00 kg and 
•1/ ■ 2.00 kg . F n tbc lotee ihal the axlc exeris on ihc pulley. For ibc pulley. leí clockwbc rotaiton he povitivr. 
EXf.tLTE; (u> ~ma x for Ibc 12.0 kg box givc* T t -mjr. -ma rbr the 5.00 kg might gives 
m^-T^mjr. J]^ for the pulley gU«* [T : -T t )R «gJdrV .4 ^ Ra and 7¿ - 7; ^¿Ato . Adding ihe« 
ihnre cquaiiom give* m.g ■■ (ít: » ^; - - i' . 

5.00 kg 



MMfr. 



.* 



nvi'i- 2 72 irií'.Then 



y 1 12.0 kg -t5.00 kg + LOD kg 
(12.0 k :í : " -i . ■ 32.6 N . «¿g - 7", - givei 
r;=<M£-d) = (5 00kgH9 80 nV-2.72 mV) - 35.4 N" . The tensón lo ine le ñ ofthe pulley U 32.6 N and 
bclow the pulley ¡t t% 35.4 N. 
(b>tf-2.72nW 

[c} For the pulley. ^F,*mt t gim r 4 -J¡- 32.6 N and ^f, = ma, 
F ~ Mg <■ T¡ ~ <2.00 kg«9.S0 n* 1 * 1 ) * 35.4 N - 55.0 N . 



D> rumie* oí Rotitionid Molían lft-7 



EVAUrATE: The ciuiatMiti m¡g -(nt, t-y M)a say* ihat thc externa! forcé m¡g muvi acederale jII ihíce 



(a) 



v ... 



ib) 




10.17. iDEvnrv: Apply - /« to the poat and £f -ihj lo thc banging m»*. Tbc accclcralwn ofthe mjwh» 
(he same riugniiudc a* ib: langcntíal accelcralion a lM ■ *vj of the point on Ihc poit w hcíc ibc itring r* atiachcd; 
r » l .75 ro - 0,500 ni - l 25 m 

Sr.r l : p: Tbc free»body diagram* for thc posi and nía» are given in Figure* 10. 17a and b. The poxi ha* 
f»¿tt£,*Mi U r kg £-1.75 ni 

I \n i 1 1 : (■> ^ for Ihe port give» 7V-(±MI J |ír . n-ra*o a-— and T = ^^-J<j, =«<j, for 

(he maragim atg * T - ata . Tbeie twn equation* grve ■ *™ - Mí: \ h |W and 

M ■ W 5 Q ° kg i J<9.80 m.V),3JI mtf . 

Twí^Jr UOO kgt[l5.0ks)lL75mr.3IL25inn 

cr - — _ 2.65 rail 1 *' . 

r 1.25 rn 

[b) No. A* ihc post rotatcsand (he point i*bere ib: «tríng is aitachcd more* m anarcof acirele, the *iring i* no 
loncer perpendicular lo thc po*t* The totuur duc lo thu icnnon change* and the accclcration duc to thi* troque n 
not conitani. 

(c) l'rom part (a), a -331 mV . Thc aceclcraiion ofthe mau U nol coruiant* It change* ai a Ibr Ihc poit chance* 
EvauuTE: At thc inrtant Ihe caMc bréales Ihc lenivon ¡n Ibetfríng i* ku iban thc ueigbiof Ihc maubccauH? 
ihc nufl accclcrutc* onwnward and (here i* 4 nei downward forcé on ÍL 



i. ; 




Fiíurc 10.17 

10.18. lot-MHY: Appty tothcrod* 

Si: r Up: For the rod ar>d axis al one eno\ i = ¿*MÍ" . 



lAu i II ; 



3F 

ff ~7"ZUF" Aí¡ 



1 I 

r 



Evaj i af» : Nolc (hat a dccrc4>ci with the kngth ttf thc nxl. even though ihe lorque 
10.19. iDBnmr: Sincelbere i* rolling without dipping. v jB - Jf™ t The kinci»c cnergy ii givvn by I q * 
vclocilic* of poinii on Ihe rimof ihc hoop are ai deteribed in Figure 10.13 ui dúplex 10. 
Skf UP: & - 3.00 rad i and R - 0.600 m > For a hoop roialing about an axis al ib cerner. / - A/ff J . 



EXfXtTE: (u) v — ^R&^ (0.600 mM3.00 rad *) ■ LSO mi . 

<b) Km^Mi^^^m^Mi^^^^)^/if}mMii^m(2MhtnMmhf'7AlI 

<c><i) r ^ 2v rf . - 3.60 nV* . r uto theright. (tí) i< -U 

<üi) v ■ * ■ Jv^ * ( Jta>)~ ■ - 2,55 m |h s . y at this poini i* al 45* bdow Ibe horíxonlal. 

(d) To tomconc mmim: to thc nchi at v - v. A , thc hoop appcar* to roíate aboul a itationary axn at iu cerner. 
<i) v -/to-lKOm*. toihc right. Ih) v = 1.80 m* . lo <hc lcft\ (tíi) v . : , ..!.... ,...,.! 
EVALUATE: For ihc «pecial ca*c of a hoop, ib: local kinciic cnergy U equally dividid bctwecn ibe molion of the 
ccnicr oJ man and ihe toiat ion about thc ax u* through thc cerjtcr ol roa»u+ In thc rcj*t fíame ol the cround* di fíete ni 
pointi oti thc hoop have diffetent *pecd. 

10.20. loortlíY: Only graviry doe* work* *o íi '„ _ 0 and comervation of cnergy gíve* K t - f.' ~ K f +U t . 

Stí UP: Lct i> -0. so L'" ( -0 and i\ - 0.750 m . Thc hoop i* rele**ed from retí «i K t = 0. ■ I oí .i 

hoop with an ax» al iti cerner i ■ MR' , 

I \n i n : (■> Contervation of cnergy givet U, « K t . JC, * JJfltV +±(JttV = MTV , » J« W - Aifr; 
O.0K0O m 

<b) i fffti (0.0800 OI* 33.9 rad t > - 2.71 IR-'i 

Eyaji AFt: An object rclca&cd from rcsl and falling in fice fi II Por 0,750 m altara a speed of 

^2^(0.750 m) - 3.H3 inv Tbc final specdof the hoop is le» ihm thu bccawc wimc of ib cnergy ii inkinelic 

cnergy of rolation. Ot t cquivalcntly, thc upward ictomiii cau*c% Ibe magniludc of Ibe nct íbrec of thc hoop lo be teta 
thanit*wc¡ght< 

10.21. lDf.vnn': Apply ( to s» 

Stí Vtz Fot an object ibat u rolling withoui iltppmg. v„ ~ R& 
ExxtlTTE: Thc fraciion of thc loul kinetic cnet ey ihat U rolational i* 

(1/2)0»* I t 

' j i ; . : '.fJt\ %oiheabo\eratiou 1/3, 
i lo ■ : ■' ; 1 .'>. w thc abo>? ntio u 2/7 . 
it} ■ ilfhMR 1 *o thc ratio í* ;/* . 
<d> «>thc ratio i* 5/13. 

Eyai.i AFt: Thcrnorncniof inertiaof cachobfecl takci ibeform / ■ /íWíf Thi- ratio of colationalkinelic 

1 

enctey lo loial kinclic cnergy can be wríticn ai - Thc ratio ¡ncrca*ci as ¡i increa?(c&, 

I * 1 *' fl 1 » p 

10.22. lotNim: Appty V f - natothe tran*lai*onal motion of ihc eenter of maw and -/í/ lo thc rotalion 
aboui thc cerner ol mx« 

Sur Up: Let tx be down thc indine and lct ibe incll be tuming in Ihc poiilivc direciion. Thc free-body dia^ ram 
for thc dicll U given in Rg. 10.22. From Tablc 92. I — ■ ¿«Jt 5 * 

EXKCtrC: *¡jF t -ma^ give* mg%\ofl- f -m^. = ia 4 give* fít - <-f atR : \tt . With a-a m ?R ihi* 
bceornci / - -f™.* Cornbmmg ihe oquatioru gri-c* m&%mfl-+mt{ m m **m »nd 

ilatic tince inore k no «Jioping at thc poini of conlaci- n - mg catfl - 1 5.45 N . a »— ■ « 0 J 1 3 . 

ií 15.45 N 



(b) The acccleration u independent of m and doein t change, The fríction forec « proporlional tonv *o iaíII doublc; 
/ - 9.66 N . The normal forve will alwdouble* m> thc mínimum */ reouired for no tlippinu wouldn*! ehange. 



EVAUaTE: )f thcrci%nofrklion and theobjeci alidc* without mllmti. (He 
rollinu w ithixil slíppm^ rvducc a tu 0.60 time* ibis valúe* 




Figure lo.:: 

LQ.23» Ideviwv: Apply s m * •* and X r < " 10 <hc n,0<¡on 1** baN 

(a) Su l>: The free-body dburam is given in Figure 10.23*1. 

tAnui: - ma t 

n-mgemü ind f\ -cinf 
íl*ntf- A eo*f7, i( r (•* I) 

Fi*arr I0.23u 

le: Cocwider Figure 10,23b* 





m and m# act al ihe 
cenleroflhc hall and 
pruvidc no loroue 



rífiüie 10.23b 



X r '~'*..<T gi>e* /f i ¿Hjrco»0tf-4*u? , fl' 
No%lippingnw*n* *o p.ffcostf^íi <cq.2> 

Wc bave lwo equation* in the two unkntvAm 4 and x* Solving giw* d - sinO and 
^ & ¿tan 0 - ¿un 65.0* - 0.6 13 

(b)Rcpcai thc cakulation of partía), bul now / -$aiR\ a-±g*m0 and jí, - -tmtf ;un65 < 0" -0<H5H 

The valué of /i. calculaicd in pací la) U ool large enough 10 preveni KÜpping for ihe hollow hall. 

it I 1a ui ai; There is no *lxppitt£ al the pmnt ofcontaci. More Cricliun b requircd for a hollow hall lince foca 

given i?í and R II ha* a larger / and more lorque U needed to próvido the same Noic that ibc required j¡ m b 

¡ndependent of the ma*i or radñiiuf the hall and only depend* *m how thai iium \% dbrnhuted 

iDcvntv; Apply conservalton of cnergy lo ihc molion of the marble. 

Si:f Up: K -\mv s +£/aT - w ' ,h '"f^ 1 - v . . - ^ Ibr no ilipping . Let » - Oat Ibc boitom oíihc howl Tbe 
marble al ¡ti inilial and final locationi b «ketehed in Figure 10.24. 



1<H* Chuptrr 10 



r.\*;< t n : i ü > Moboo from me releje rvínt to thc hotlomof thc bowl: mvlt - — mv* + _ / rtí 



Moixin along (he *mooih i*dc: The roUtional kinci»c cncrgy doc* not chance, since rhere ¡* no friction torque on 
thc marblc. ÍW + Jl m = «rf + ff„ . -L = Í£ÍÍ = 
■: i» :■ ffljpb ■ A * 

EVALUaFE: (c) Wiih friction un both halvcx. ill thc inilial poten Ual cncrgy atbt con verted KvL to potcnbal 
rocrey. Wiihoul friction on (he righl half somc of ihc cnergv c* «lili ¡o rotaiiomil kínctíi: cncrgy when ihc tmrhlc n 





10.25. lot~N iim: Apply conNcrvaiHm of eocrgy lo thc molion of thc whed. 

Ski L'p: Tbc whcel al poinü I and 2 of tts motion b ahown in Figure 10.25 




Takc v - 0 al thc cerner 
of ihc whcel when il i* 
thc taiiom of thc hilL 



Thc whcel ha:t boih itan^btional and roUtional moiton io iti kinctic cncrgy b A' — oí 3 + 4*W^, 

Iah i ii: +1/, + H'^ ^ , tüj 

H^, - ■ -3500 J «he friebon work w nctMhvc l 
K, m LS»¡ * ¿ t lrV i i • i i I ; .'■ » 

jc^-a 14*4 es** ¿41 

Thui D.90Q.lfflV +*Íii - *W¡T* 

.U * ir/jr ■ 392 M9.H0 ro » ? > - 40.0 kg 



iO.9O0ií4O.O kcHO.600 mVi.25.0 rad'O* -3500 J 



= 11.7 



<4D0kitH t 'XD nV*"| 

EvaixaFk: Friction dt»c* negative work and reduce* ir* 
10.26. iDEfnm Appty Tr -/« aitd V/*-™ to thc molionof thc bt^wlioghalL 

Skf Up: ií tBi = Jíei . X — A"* kcl * x bedirected down thc incline. 
£u:c c rr: (u> Thc rrec body diagrarn « xketched m Figure 10.26. 

Thc angular *nccdof thc tall muit dccrvaic. and «o Ihc lorque isprovided by a rKclion torce thal icti up thc hill 
<b)The Iricintn forre rcmlu ín in angular aceelcralMHKgtveob> + ta ■ /JT. ^f" - «a applicd lo ibe molino ofthe 
ofnuss givet rni' sin /í - y - ñu/ and ihc accelcralHin and angular acedera t ion are rcUtcd by a - Ra . 



Combining. mgttofi = ifw^U-^ 7 J= «(7/5) . « m b(5/7)«M^. 



D>iumir* uf RolalMinal Molnn 10-11 



(e r From cithcr ofibe ÉNI reUtion* bcrwcen/and a^, f = — -—mgiixiflú m ¿¿ % mgco%fi . 

EVALUATE: IJ i. 1 - 0 . d... - mgunff . ir^. u le i* when metion i* preicnt* The tall rolli larthcr uphill tvhen 

Iriciion ts ptvscui. hccau*c ihc tnction remo ve* thc rotabonal kinctic ene r tí)' and cottverta it i« graviuikiiul 
potcntial cnciuv. In thc abacnce olTriciion ihe hall rct&in* ihc rutaitonal kinctic cncrey th-it i* has mriulív 




Figure IGJó 

10.27. (a) Immih ; U*c Uq<10-7) u> find n and thcnuic j con*iani angular accclcralion cquotion 10 find 
StF Up: Tbc Ircc-budy diagram iigivcn in Figure 10.27. 

fcvtíVir-: Apply^r - /a lo find thc angular 
acedera! ton: 
FR~ia, 

FR llR.0NK2.40m) 
f 2100 kg m* 




& - — — =0.O2057njdV 



Figure 10*27 

Si: r Up: U*o Ihc cttmluni <r kincmaúc cquotion* (o find *li . 
<v t ~?i linitíailyif re*t); -0.02057 ia.U . /-IS.Oji 
IAmi 11: ai - w/í - 0 -«1.02057 rsdv «15 0 1) - ÜJ09 radi 

(b) lot-MlH JJtiiSEf UP: Calcúlale (he WOfk Iraní Eq.J 10.2 1 I. Ltting eomUnl angulai acceicniliofi 

calciitife or une* tbc wark'Cncrgy theorcm. We will do ii btHh wayi. 

EXEtirTE: (QITir^ (Eq.(l0.2l)) 

-^/*4<r/ = o*.¿.<ü.02057 rad* i xi5.íi*i J -2.3i4rad 
í _ / Jf _ < I S O N M :.*> mi ■ 43.2 N - ra 
Thcn W m r A0 ■ (43.2 N mH2.3 14 radl - 100 J. 
or 

i2) W m »K i -K l (thc u«ri cncigy rclalion faro chapicr 01 

= l*\ Ihc work done by Ihc child 
A* = 0> JtjX :W - ^<2 100 kg nV H0J09 r*d *)* ■ 100 J 
Thui l r - | tfp J. thc *amc ai befóte. 
EvaUtaTE: Eilhcr mclhod yichfc thc ums rcsult for II* 
<c) lotvrrn andSKr L'p: Utt l:q-(ó,15) to cakuUtc P m 

d/ 13.0 X 

KvaI-1 \ri; Work ¡s ¡n joules, ptvacr t% in wjtls 
10.28. Idevtift: Apply P-naaná ir-rA#. 

Si:f L'p: P mun be in wait*. musí t>c in nidian-v and ¿umusi be in rada. I rev - Ir rad. lhp-746 W 



(b) H*-z4í? = (5Í9N roH2irad)-3260 J 



UM1 t'Jwpirr 10 



EvaUaTE: Ai-40n^X ( 9>othetÍoicforoncre\<fítutiociñO.I>2Sx, /* - l.Wfr « HV W*somoocrevolutkuu 
W — Pi — 3260 J , whtch agrce* wlih ixir prcvioui revull 
10.29. IdCVTIFV: Apply ^ r ■ /ffj and con*tant angular deceleración cqualíoni t*> thc moimn of thc whccl- 
Si:f Up: 1 m - 2^ rad . .r ra¿ * - 30 rcv mm . 



rad/'s 



[(I/2)(r50ks)(OJQOmy)(l200 rev/ir»n|| 



(600 rev mm|(25s) 
t h | ^ Aj - p = 25.0 rev ~ 1 57 rad 



<c» IT - ca0 = <0 .377 N oiK157 rad) - 5« J . 

(d) A^lj^-Ufl.' 2)0.5 kgXO lOOmi'V <l200rcv'mml¡ * \\ -5923. 

2 2* 'V V30revminAJ 

thc xamc ai m parí <c). 

EyaJ-I aFe: The agreetnent bctwecn ihc resulta of parte le) and id] iUu*itaic% ihc work-cnergy theorem 

10.30. lot-vim: Thc powcroutput of ib: molor b rcUtcd to thc torque rt produce* and lo iLs angular vekicity by 
P - r& . where & mutl be In radi. 

Si r Up: Tbcworkoulput ofthcrnolorio 60.0s ii j<9.00 kJ)-6.0O U , *o #*- -100 W. 

■ 2500 rrvtran ■ 262 racVi . 

n lflñt W 

ExmrFE: r ■— — — -OJ82 N m 
' 262 rad * 

EVaIaiaFE: Fot a coraiam po%vcr outpoii. ibc lorque doclopcd dccrcasc* and ihe rotainm *pccd of ihc motor 
macuñ. 

10.31. iDfAiirv: Apply r-/7¡arxl P-mt. 

Si:f Up: I hp - 746 W . x mdx - 30 rcvmm 

Em;c i te; (ti) With no load, thc onry torque to be overeóme ¡s fríclion in thc beanng* (ncglcctinc air frictionl 
and thc beanng radius i* «malí compared to thc blad? radio** u> any fnciional torque can be ncglcctcd. 



I2«0«vW C radl ' 



V 30 in 1 rain / 

EVAUMTE: In P-It.-t. r M he in wait* and * > mu*t be in rad*. 
10.32. iDEVtltY: Appty V r -A* to thc m*>non of ihe propellcr and then use cor&iant jeedcfaiiix^ eqoanorw lo 

inalyTC ibe n»1mn. W m . 

<b) <=<u¿ +2*1,(0- fulgiré* m- Jiír? - ^2146.2 rad'^MS 0 revK2.e radrev] -53.9 rad v 
(c) - rt? - (1950 N roK5 00 re\H2í rad^')- 6.13x10' J 

■i,w.i>.-Z-" 3 " w ' l -amf . 

a f ;r.: :jl i, U7i 
EVak.ui ; /* - nú r b comtani and rtM* linear m í t no f\ ii halfthc invlantancoah p*>wcr al thccndof thc 
5.00 roMluimm. We couldalw calctibte ffltvm H -AA -;W^-^(42 2 kg m'H53.9 rad»)' =6.13* 10* J , 
i '"í V <a) [DCfflIFV and Sn tlr: Uie Eq.(10.23) and «ohc for r,. 
P - z . whcfc /m oiukI be in radl 

EXIOm: ^ -i4lXH>rcv.-min'H2T rad l rcvitl ntm íTO ti - 41 K *> rad ^ 

/* U0*íI0*W 



o», 4|S.9radi 
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(b) lofcvnrY and Sr.T V?: AppEy Tí -mé to thc drum. Find ibc lertiion T ¡n ihe rope u*ing r, Irom part (a) 
Thc sytfcrn tí ¿kclehcd in Picure 1033, 



Ptart 10.33 



Kxmi'I k: vcomtanl irnptiex j - ti and j - n 
r - TR irnplici 

r ■ r, / Jí - 358 N mO + 2O0 ra - 1 790 N 
Thu* a wcighl *♦= 1790 X raí be liftcd 



(OlOtAIlM 4lldSHFllP: U*v=ifw 

Euxi fk: ThcdrurohaNAi = 4|8 9rad* t %o vM ft 2Wm)(41B,9r^) = 83.8m* 

EVAUATE: The rale n*tueh doüig nock oci ihc dmm ii r - I\ - (I7<m) N»> VS m %\ - 150 kW Thw 
agreei with thc w< trfc outpul of ihc motor. 

10.34. iDflfllPR and 

SefUP: ai = 0.50 rev. 1 * = 3.14 ndi. --f*!^*' and ■ m^R 1 , 

bKim /= (55 kg» 50.0 kgM4 O m> ; = lóB0kg m\ 1 = (1680 kg m : M3 14 r*d*) = 5.28-10* kgmV* 
1^ ui um Thc di*k and ihe wniran tuve *¡milir valúes of /. cven thoujjh ihc úak buz rwícc thc mare. 

10.35. (a) IDEKTIFY: U*e £ (Eq.( 10.25)1: 



Si:f Up: Coraidcr Figure 10.35 
*= l*M* 




P\M i ii:: £ ■ ¿ttvr*¡n¿ ■ 

12.00 kgXHO m^K^OO mitin 143. 1 

1 = 115 kg m 3 f% 



Pbpurt 10.35 



To find Ihc dircciton *ií £ apply the ri^i hand roW by luminfi r inlti thc dircciton «f r bv rnidtincon il wiih thc 
fingere of y&at ncht hand Your thumb poínU ¡nio Ihepage* ui thc dirceiion of L 

\h) lofcvnn andSEf Up: By 10.26) thc rite ofehangeof thc angular momentum of Ihe rock cqiuU the 

(urque of Ihe nct forcé acting on ti. 

Y. \\\ i i i : r m mg(K 00 m)an36.9* m 125 kg mVi 1 

To fínd Ihc dirceiion of r and henee of dL.'rft* appK thc riuht-hand rule by tuming r ¡rito Ib: dirceiion of Ihe 
eraviiy lotee by puNhtngon il wnh ihe fingen oí your rivhi hand Your thumb point* ixri oí ihc ruge* m the 



EvaLUaTE: £ and dt ídi are in Dfipoiiic dirccbotti. so£ i* dccrcaiing. The gravita fo*ce i* aecclcraiing the 
rock o\n\m ttw ¿re» ihc oxu. Itx hocÍAmial velocity u e<insiant bul ihe disurtcc /iideereu^ing ind henee ¿ u 



10.3*. iDBfllPK ¿, =/a» + 

Skf V?i Tor u panklc of tm*\ #t mtn + ing in a eircuUr nnih al adiitanee r ítom ibe &xn> i ■ w" and !»■ ''ai. Por 
i unifixm %phere of mai% A/ ind radium Candan axU ihrough iU ecnter / -¿3íjf* . The eonh hai mavt 
m k - 5 9* * l(r* kg . radiui R =6.38*10* m mi orbii radiui r = 1 50x10" m . The carth eocnplele^ onc rnuinm 
onit*axi*Ín 24 h = K6.4O0 % and onc orbit in l y = 3.156* 10 T i. 

ExccirTt: (a> ¿ =in> i =mrV =(5.97x10^ kgXLSOxlO" m)*!— il¡5l_|»2.67»<10" kg m*Ai. 
Thc radiui of ihc carth in mueh leu ihan its orbit raJiu^.. u» it « vcr\ p re abonable to model il as a partiele for thi* 



Ib) í.=Y».-(|i/^)»-|(S.97-10 tt k í H6J8KlO'm)-(^^j*7.07.IO' i kB m , ft 
l!\ Alt 'ATE: Thc angular momcnlum asMiciated with eaeh of theve moi»om » verv laree. 
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10.3?. Ioevíim and Ser Lp: U* L - i& 

ExutiíTE: The ¿ccond hand niakc* I rcvohiiion ui I minuto. *o 
rí-iH*w m:nit:.r red I ro»l min 60 *) - 0, 1047 redi 

Por a xlcndcr rod* with Ihc ax i* aboui one end, 

/ - -W ..-(MXI^ 1(1 L^.CISII mi" - 4.50K10 ' Icg-m 1 

Then £-/ai-<4.50*|0* kg ro ; H0.l047 rad *) = 4.71*10 ' kg m v 

EVAU ui: Z ¡*clockróe< 
to.38. loEvnrv: tv -rfa jt. ¿ -/*»,and r -d&rt. 

Siif Uf: Fora hollow. thin-wallcd tphere rolling aboul an axix ihrough iix ccnicr* / -¿Aíff*. ¿í -0.240 en. 
Iami i¡: (a) l I Ñiiiii-, ini £ 1 10 radfc* , io Ihat ítf/i will ha ve imibi of radunh. 

<b) ,i or — . lí *4flr' At f -3,00», ■ 2<l.50 rad*')(3.00 *)* 441.10 rad**K3.00 %)' ■ I2R rad* . 

Jr 

i^i- .'■ =4(12.0 kgH0240rn} l |12Rrad*j-590 kg oi'/i. 
*W do» * 
l/l íff 

r =¿(120 kgH0.24<J mr(2;i.54J rad*Vl2|I.IO rad Vp 00 *| j - 56 I N m 

Eyai.i aff.: The angular ipccd of rotation t% incrcaxing. Thb mercase i* duc to an accclcralion a ihai b 
produced by ihc lorque on I-. ¿phere. When / i% constanL ax it u hete, r ■ dLdt - Ida» dt ■ /« and 

Pouahonx 1 10.29) and 1 10 J) are ¡ctaitical. 

10.39. iDCíTIFY: Appty cuuKTvaiHm of angular monicntuni. 

Si.r t'P: Pora umfonn xphetc and anaxii through itx cerner* i 

Cxfc i rt: The moment of incttía u proport tonal to the squarcof the radiux. aml *o thc angular ve locily will be 
proporcional lo the mvene of (he ajuare of ihc radium and ihc final angular veloeity i* 

- --íiY-í — í 70X '° tkm Í^.6,ltf rad/s. 

1 '[RJ L<30dHR6.4Q0 3t/d>A l6tan J 

Eyajj afE: -^'^ - L ix conrtant and a» Ulerease* by a largc factor, **> Ibcrc ¡xa large ¡ncrcaxc ui the 

rolational kinciic cncrgy of ibc itar. Thix cncrgy come» from polcnrul ercrgy axmialed tt iíh ihc graviw forcé? 
within the «lar. 

10.40. iDEvnrv and S*:f L'p: L U con*crved ¡f therc b no nct exiemal (orque. 

U*e con«ervaiHm of angular momenium to And a> at (he new radium and uw Íl ■ lo find the change ¡n 
kineiic energx'. which n equal lo Ihc work ekinc on the bloek. 

Exii( i fk: (u) Vl-:- an¡nilar monxtnum i-- coraerved. The moment arm tbr the tensión in the eord w /ero %o thk 
Ibrce exertx no tonque and Ihcre is no nct lorquc on ibe block. 

ih) i.-L. to íñ\ / io Diock trealedata p«nl mavt io S -mr\ where r \% the duiance of the btoek from ihc 
bok. 

(1.75 redi}- 700 radi 

v t <0 J00 mK 1 .75 radi) - 0 525 m * 
*T, - f *m; - 4-I0O25O kgK0J25 ■ 0.00345 J 

Vi s - 10 1 50 mH7 00 rad *) m ] .05 mi 
AT, ■ fmv; ■ £40,0250 kgHI.05 m*> : - 0,OL37S J 
AK - Cj - K - 0 01378 J -0,00345 J - 0.0103 J 



ir 



0,300 m 
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<d> W m . AX 

Bul ft' u - H>\ the wotk done hy Ihe Icniton ¡n Ibe coni w H' - 0.0103 J 

EVALUATE: Snuller r mean» unallcr f. L — Ito t% comUni so af incrcasc* and A inervases. The work done by 
thc tensión i* posilive siijcc il 14 dirccied ¡nward and thc block mu\Ti íiw^xd. loward thc holc. 
10.41. lot-VíiH: Appty conwrvathxt of angular momentum to thc motion of ihe sfcaler. 

UP: Pora ihin-wallcd hollow cvlíndcr / -mft* . Fot a slender rod roialing about an axis ihrouch ¡ta center 



A-040lcg*m ; *i.(R 0kgKLKoi) i -2«lcg m l . / ; - 0.40 Lv m mH íi kg *0 25 mi' - ít kg 

EVALUATE: A -^/ai* - Aitncrcaic* and £ ¡s constante *o A' incrcoses. Thc mercaste 

conxs fnrm thc work done by thc skater %vbcn he pulís in hi* hand*. 

10.42. iDtxntY: Apply conscrvai ion of angular momentum to thc drter. 

SV-T V?* Tbc number of rcvohiiiiXH shc makes in a certain time u proporiuxud to her anguhr vcloc¡ty> The ratio 
ofhcr untuekcd to tucked angular vclocity i* (3,6 m'j '(18 kg m*| . 

Km;c t n ; If shc bad tucked shc woukl tuwcmadc í2 rcv)<J-6 Lg nr>/<IB kg m I-04Q rev üi thelist ln > 
to thc would ha\T irudc <0.40 rcvHl 5/1,0) - 0.60 rev in thc total li i. 

EVaUvaTE: L'nluckcil shc roUtci slower and completes íc^xr revoluiioru* 

10.43. Ideviim ±nd S#;r l_'P: Thctc i± no nci exu-rnal lutuuc alxiut Ihe nrtalHin axn mi thc angular momentum L-tw 
\% conscrvciL 

I Am i fe; = givc* l 4 wi =/ t Ak. u> tiK-Ü, i 2 )a\ 

/,*/,- ? Víf : - ^.(120 kgH2.00 m« - 240 kg m* 

/ - / i t í -2*1 k £ m t wJí -24« kg m J *l70kgM200ro> ^520kg m J 
^-(/,// 2 ^-l240 kgm'.520 kg m'MÍ.OO rads)-1.3ÍSnid* 
<b> A', ■ ¿ ■ ^í240 kg id'X3.0O mdí} ! - 1080 J 
JC ; p f p ^.(520 kg m 1 MT38 nd ■ 495 J 

EvaLuaTE: Thc kinetíc encrgy decrece* bccauM* of thc neualiTC wotk done on thc tumtahk and ihc puta4:huii4t 
by Ihe &ielion torce bet^cen ibete two objecijt. 

The angular «peed dccrc&ici becauw / uvrcaM^ when thc parachutui i* addcU to Ihc « vtem 

10.44. loi-vim: Apply eon«?rvai*on of angular momentum to thc colliiioo. 

Si.r l e: Let ibcwidthorihcdoorbcf The imtial angular momentum ofibc mud t% wvf/ '2K»nccit sinke«the 

door al iu cerner. Foribe al ibe hingc, / ta ■¿lff K pBÍ t^mmfftTf. 

^ |0.500kgHt2Al ^M0.S00m) 

(1/3K400 kg)(I.Q0 m) 1 *(0.M0 kg J( 0.500 m)' 
Ignoring thc mas% of thc mud in thc dcnominaior ofib: above expreuion givex ta -022$ rad/x 4 «o thc mai» of 
thc mud in the momcm of inenmdoct affcci thc third tignifieant figure - 

EvaLUaTE: Angular momentum a cor&crvcd but there it a large decreaw in ihe kntciic cnergy of Ibeiyitcm. 

10.45. (») JmMii v andSCTllr: Apply conservalionof angular momemum L wnh iheavisal ibenad. Lciobfecl^ 
be Ihe bug and obfcel B be the bar. Iniualty. all objeeLt are al rcil and ■ 0. Juit aflcr thc bug junipv it haN 
angular momentum in one direction of roUtion and thc bar ¡* rotaling with angular vclocúy w A in thc oppoute 
direction. 

Ext CUTE: L¡ -m t v t r-t¿Mj where r- LOO m and S t -+m Á r' 



«M6 (hnpirr 10 



4-<0 + 0lO0kgXO t 2fl0 m*) í *4-(ilO + O50O fcgHLOO mf JlO ,120 nul*> ! -3.2*10^ J. 

Thc incrca*c ¡n kinctkr cncrgy come* frorn work done hy ihc bug whcn it pushei agamsi thc bar in ordcr lo jump, 
Evai tvrt: Thcrc is no externar lorque applicd lo ibc *y*tcm and the lotal angular miwnenuunof ihc *yitcm ¡* 
ron*iant Thcrc are interna! fbrcet . Ibrcc* thc bug and bar exert un cach oihcr* The forcé* exert (arque* and change 
ihe angular momentum of ihc bug and thc lar, bul Ihcxc changc*are equal ín maumiudc and oppo*ilc in direction. 
Thc*c intcmaJ forceado paiitive workan the tw objech and thckinctic cncrgY of eacb obiccl móoi thc*y*tcm 



l(Mó. iDEXflFY: Appty consrrvainm of angular momentum to thc *yMem of carth r*!u* a*tcroid- 

Su i i'i Take ihe ¿\» to be thc carth' * rotaiion axis. The a*(crokl may he trcaicd » a pomi nu« and ri ha* 
angular rnomentum befóte thc colliiton* *¡ncc ii i* hcaded loward the cerner ofihe carth Fot ihe cartk. 

L t = and /-|M^«dicnJ#BtlwiiM^dioaiÍiudJIúiib radiuv The lenglbofaday i* /' " L '" J 

where ft»¡* ibccarth'* angular rotation rote* 

Iah mi : Conictvation of angular momcnium appticd lo thc cotlu»n berwccn thc carth and a*tcrotd g¡\e* 



■ * m Jf ■ • - t/A and ai - -Af- 



ro - di 



ai 



I K250 

r = l ¿507; give* — = and ta - 1 250<v 

w Ai 



0,250. flr = ¿í0 + 250W-0J0aif . 



Evaji Afx: If thc a&icroHI hit ihc «nfaccof thc carth tangcniialfy it could faave wmr angular momcnium with 
rcspcci lo ibe carüVx rotaiion asee*, and coukl ciiher *pccd up or *law down thc carth'* rolation rale 
iDf-vnri: Appty conscrvaiion of angular momentum to thc coI1i*íoq, 

Si: i Up: Tbe syiicm before and arter the colli*¡on » *kcichcd in Figure 10.47. Let countcrclockwixc rotatton he 
po*(ti\e. Tbe bar bai / - {m 3 L . 

EXEtirf E; (a) Conserva t ion of angular rnomentum: ■ ~/t\vd ■» ^m : L 3 <^ . 



13 00 kg>i IO + 0 m/*)fLS0 m) ■ -13 00 kg«6 00 m/*H I 50 ra) + 



J90.0N 
9X0 m>* 



(2.00m> ; 



(b) Thcrc are mi unbalanccd lorquc* about inc pívoL »o angular miTmcutum « con*mcd- Bul thc pfvot exciti an 
□nbilanced horÍHinlaJ externa! Ibrcc on Ihc *y*tem* *o Ihc linear monicnium i* not conien*cd + 
EVaU'afe: Kinetic eocrgy ¡* nol con*er\ i ed in the colL¡«ion* 

AfKft 



l'izurc )Ov47 



locvnrt : Jl - tiif , w Jl ism the dirccUon of t . 

Su Up: Tbediiection of A> » gi\en by thc righi*hand rule. 

lAh ui: Hic *kcichc74 are viven in Figure* I0*4&a d. 



tk-teribed m heure 10.26 in ihe icxtlxiok 



V.\ \i i .\FE: Jn figures <_.} and <c> thc precesión i* countcrclockwüc and iti figiuvs fh) and <d) it b clockwi»?. 
Whcn Ihc dmction of cithcr A>or r rcvcfwv thc direciMHi of 



_L - «7. 



7 



Mi 



ÚL 



b] 





l'iztirt 10.48 



gyroicopc. 

l>: Tbc loial 



;on angular vclocily ¡* íl ■ . » hcrc autn r¿d& A \u> apply \ F - mé lo ihc 



cifihtf uvm*copc i* *w ( mi, -0.140 kg +■ 0.0250 kg - 0.165 kc 



_ 2„rrad 2rrad _____ 

n 2.856 rad s . 

T 2-20* 

I \im n : (■) F t m » u -(0.16S kgH^SO - L62 N 

wr í0.165kffM9«0ins : K0 + O4O0m, „ - ___ , . 

/n f 1.20x10"* kg irr*2.ft56rad-) 

(c) líihc figure (ti thc probkm ¡* »cw_d Irom abovc. f b üi thc direciionof thc prcce*iioo and £ uakmgthc 
xú% of thc rotor, aw_.y trom thc pivot 

EVALUATE: Thcrc u no vertical componen! of accclcraiion «uocialcd » iih ihc motion. mi thc Ibrcc from thc 
pivot cqual* &k wcight oí thc wvTowopc. Thc largcr ¿y i*, ib: ikttvcr thc me ofprcrei«ioci. 
10.50. lOEXtlFY: Thc pecceraion angular *pccd i* rclaicd lo ibc ¿ccclcraiton dt_c lo gtavtiy by E<|-( 10.33}. with w-t 

Skf Up: í\ - Oh 50 rad 1 * * g t - ft and £ u ■ 0,1 65# . Por thc gymtcopc A and <v are thc *zn*c on ib? 

as on thc carth. 

£1 mr íl O 



t xj:t t rt_ il 



íl^ -í\^J-0 I650 4 MO 165X0.50 rad*>-00825 nft É 

EvauiaTE: 1n ibc limil that ^ > 0 thc pccc&ion me -> 0 . 
IMI. iDtMin and S* J Lp: Apply Eq.íl0.33). 
EXECUTE: (a)halvcd 

(b) douMcd f j»um_ng tKit thc addcd wcighi i* dittribuicd in such a woy that /and / are not changed) 

(c) halvcd ( jssi_mjtig ihit u and i are t>*rt c hangcdi 

«i 

EvaIAiaTE: O b dtfcctly proponionat lo m and i* ¿nd ¡i ¡nvcftely proponionAl to / and m. 
I€.52. IDI-VTIFY: Apply Bq.< I0.33K whcn r = nr . 

Su L p: 1 day- 86*400 I - -V 156 * 10 s Ihc catih ha« nu« 1/ -5.97 y ID 1 * kgard radium 
R - (> >K ' 10* di . For a uniform i phere andan jaís Ihrough ¿i_ center* / -+\1ft' , 



EXECVTE. ta) r^/flíJ-C 5)AWV41 Usme 



i_r ta 



:uid íl - 



2m tul 



So.400- (26uO0OyK3J5ÓKlO wyt 

tná rjdii» of ihc eanh trom Appcrtdu )'. r -5.4 N- m , 

EvaUtaTE: If thc totmic ix applicd by thc muí. r-UxlO" maitd F 10 ' N* 



and llic 
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10.53. lotvrwv: Appty ^* ' r -ia t and comtant accclcraiion cquation* (o (he rootíon of thc grind&lone. 

l.p; Lct ihc dircciion of rotalionof thc ermdniXK be positive. Tbc f riel ion forcé i* / ■ « n and prad 



Eu;c i fk: (u> Thc nci lorque nuM be 

r 9.00* 
Thii lorque miral be Ihc mm of thc apphcd fotve /'Jí and ihc oppot ing IrkriKMul 

t. al (he ix Le ind íJ? ■ fi t i>R due lo the Ltuic. / - — (r +f f + p^nJí) . 

F- ! 1 (2 M \ "mí r<6.50N m> + (0.60Ml6ON>0.26Om>l-67.6 N 

0.500 m 

ih) To maratam i comlMit angular vclocily» che oct torque r u /ero. and ibe forcé F* \% 
F f * ira j rr _(i>50N <m + 24.96 N ra)- 62.9 N. 

<e) The time t neeekd tocóme lo a «top ¡% found by lakrag thc magnitudes in £q.( 10.27), wíth r - r ( 
f _¿ HTradmWkg ra") 

r f r f 6.50 Nm 

Eyaii afk: Thc time fora given change in<&\% proportional toa , which u in tum proponioruil lo Ihc nct torojuc 4 
WD the lime in pan <e) can abo be found a* l ■ (9.00 1 )¿ ^{j ^ 

10,54, Ide.mih: Appty y* r - in *md ute the contiant awhvtcratxitt rt|UJiton>. lo (dalea ti> (he mobon. 
Si.r te: Lct thc dircciion thc whecl i& totaiingbcpoMUve. 100 rev iran - 10.47 rad * 

ai -ra lD.4?radi-0 . tl i 
ExxrirTE: tu) ra -ra ^af givc* tx — - -5 23 rada" . 



5.2.1 radti 



0-10.47 rad\ 

(b> ra,^ 10.47 rad'*, ra a0, t-KSft.^-^+o,! pvw a t _ ^ -0J&3S nd'i 



EVAUUTE: Thcappbed nei lorque ( 5.00 N ra ) ii much laxgcr Ihan the magnitudeof thc rhciton lorque 
{0OSÜI Nmt mi the time of 2.00% thal ¡i lakc* the whed to reacb an angular *pecd of idi) (cv mm iimuhkw 
than the 125 s ü takc* ihe whed lo be broughi to rc*i hy frichon 
10.55. lo*_vn^ and St;r l p; Apply <■ -/ra. v n the tangcniia) *pccd of a point on Ihc rimof thc whecl and cquaLs thc 
tincar ipccd of thc car. 
CxíXirTE: (a) v- 60 rnph - 26.S2 nVi 

ral2in.-0.MWCm 

m KS.0 rad < - 14.0 nm% - S40 rrm 
r 



[h) S^mc tu ai m parí <a>.% 
r -15 tiL-0.5Sl m 

v-roi-<0.3SlmHKK0 rad*)-J3.5 mi ^ 75 
(c> v- 50 mpb- 22.35 mi 
r -10 in.- 0.254 m 

a? - — -KS.0 rad *. Thb i« ihe «ame ai Ibr 60 mph i*iih eorrcel 

r 

Evalúate: foracivcn^ vnicreatei ^hen r increuMS. 
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10.56. iDEvnrv: Thc kinctic encrgy of thc ditk tí ÁT ^4*W*--. +t^" * A* il filis il% cratiiational putcnual cncruy 
decrcaAC* ¿nd it* kinctic cncrgy ¡tic rea *c** The onty w<>rk done on thc ditk b thc wwtk done by gravity* so 

Su Utz i^-^AtiRi+RfKvhm ft, -OJOOmand - 0.500 nv v m - ic>. Take n B i" 
»— l-20m. 



* = t/omo V 



VI ra -. 



OMO 

EVAUUTE: A poim ma» in frcc-frll acqiúrci a srwcdof4.85m*aflerfailing 1.20 m. The di*k has a valué of 
v, thut U let* (han lh¡* + becaute Mime of rae original gravitobonal noicniial cncrgy ha* been convencí! lo 
rola tierna) kinci»c cncrgy. 

10.57. iDfcvnrv: Use - /<* lo find thc angular accclctaiionjun after thc hall falh olTand use con¿crvation of 
cncrgy lo fmd (he angular vclociry of (he bar ai il swingi (hrough ihe vertical potiüoit 
Su l>: Tbe axis of rotación bal theaxle. For inUaxu teta ha* m,^ ■ 380 kgand 

i - 0,800 m . Energy conservaron gives A!, + (.*, ■ A^+U 1 ]. Tbe gravíiaiional noicniial cncrgy of Ihe bar docsn'i 
change. Let y t ■ 1 ■■■ y¡ £/2 . 

Extct'ft: la) -m^g(I. 1 2)and f-l^+í^ -^aB^+a^iytf . give* 

* » "V* 1 "» land.^^^f ™S UoW. 

¿m^e+m^Ul? Lim^+m^rt) OJCOOrn v 2,50 kg. [3.80 kg|/3j 

(b) A* thc bar roíale*, thc moment arm for (he wcight ofthe hall dccrca*c*and ihe angular accckraiion of Ihe bar 
decrease*. 



w w g ( ros" 412.50 kt¡ 



m wi r/4*m w L*/l2 ^¿^«m FJ J ^ 0.800 m \ 2,50kg»[3.80 ku] -3, 

EVaLUaTE: As thc bar swingt through thc vertical Ihe tincar specdof thc ball iKit « Mili aitached (o (he bar n 
v- I0.4IXI mu5. 70 radYs)- 22S m*. A pomi mat% in free rail acqinrei a speedof 2.80 m* atlerfalling 0.4OO m; 

(he hall on Ihe bar acquircs a %necd lc« ihan (hb. 

10.58. lot-\ n*\: Use y r - /<r lo luid <7 , and inen u^c ihe conitanl a kinernabe cuualions lo «olvc for i. 

Si: i Up: Tbe door U %kcichcd in Figure I0.5S. 



EXEClTt: r * - F ' = < 220 NMI.25 m)-275N ra 
f*U*m FrooiTable^di, J-fW/ J 

J / = 4<750 N.%W BnV Hl 25 ra) : = 3M kg m ! 



nnVí 

íirurc 10.5Ü 



Milr: -6JC*radV: -90 s (t rad IKCT 1 ! -i'2 rad: -0 (door ¡niliauy al rert): f-? 



EvaUtaTE: Thc forcé* and Ihe rmHion are conncclcd ihrouch (he angular acceleration. 
[0.59. lora iim: r -rF%m+ 

Skf 1."p: Let .y be (hedüiance from ihe lell end of (he rod where (he sning ¡% aitached. r«r thc valué of x 
where f\x) is a naxirnunx Ji Jv - 0 . 



lfr<2# Chaptrr 10 



Cxfc iTt; (u) I' rom gcomctric coniidcration. thc tevcr arm and ihc snnc of Ihc anglc hctwcen F and r ¿re both 
máximum if (he itring « attached al thccndof thc rod. 

(b) In term* of thc dixtance .y where thc trring is altachccV ihc m^nilude ofibc lorque ¡* Fxhf^x* + k'. This 
furtetion altaini ir> máximum ai thc boundary, «ticrc x« A, mi thc *lnng should he aitachcd al thc rieht end of 
thc cod 

<c) A* a function of t, / and A, Ibc lorque has magmiudc r - F— Diilctcntating r with respect lo* 

and scitingccfial tojvrogivvx ^ w -tóliUOl Th« will be ihc poini at which lo aitach thc Mring utúa* 
2ft > f . in tthich case thc Mring xhould be aitachcd at thc funhcM poinl lo Ihc right x« L 

E\ Ai-i Alt: In parí (a> ihc máximum torque u indcpendcnt of h, In parí 4 til thc máximum lorque ¡* independen! 
of I. In pan <e) Ihc máximum torque depend* 011 both h and/. 

10.60. lot.MMY: Appty -ta « where r ¡* duc 10 Ihc graviry forcé on Ihc objccL 

Evixtrt: (n) A dinance L/A from thc end with thc clay> 

00 In thi*ca*c /- {4f$yML l and ihc cravnational torque w |3¿/4x2 + l/#)*iníJ - (M/?/. 2l«nf?. io 

ííUrli-T'. / i ■ i.W and tbc graviiational lorque i» (//4H2,M£)*io0-<A/£/y'2l*in¿A wi « -<Jj¡/21)iin# 
Thii i* gicaier than in part (b). 

<d) Thc grcaicr thc angular accclcrai ion of thc uppcr end of thc cuc* ihc fatfer you would have lo rcact to overeóme 
dcvialiora from thc vertical. 

Evaj.I'aff-: In pan ib), i i* 4 time*, largcr than in part (<\ and r ii 3 timci larger. « - r '/ , %o thc ncl clTcct i* 
that a a trrallcr in i h 1 than in u » 

10.61. locvntY: Calcúlale ffuting thc procedure «pccifcd m thc problcm. In pan <c)apply thc work-cncrey ihcorcm. 
In ron (di a ■ fUt and V: - I*t j .m ■ . 

■ * ta» j 1 H 

Si:f Up: Lct tfbelbeangle thcdi*Lhax turned Ihrough. The nximcni arm Ibr i* RcmO . 

1 Am i m (i) Thc lorque i*r-*7¡cc*0 W - J' V/íce*íí rff?- FR . 

(h> In Eq + (6.l4)*<//ti thc boruonul dislancc thc point movcs t and *o »' ■^JdT»flt 1 tbe »ame a* pan (a>. 
<c)From « a -H'- {MR*/*)**' v-^AF/MR. 

(d) Thc torque. and henee thc angular acccleralion* ti grcatcit »hen O - 0. jt uhich point « ■ < ry / ) - 2F/MR , and 

so thc máximum tangcmial accelcration p IFfht. 

(r) Uttng thc vafuc for /'jfound in pan le), a ^ ■ afR-&Fj\i + 

Y.\ Al t aff.: u Ui - ¿*/lt it máximum inltially, when thc momcni arm for ti a máximum, and il ii /ero aficr thc 
dixk hai rotated onC'Uuaner of a revolution. «■ ^. tx ícro initially and i.s a máximum al thc end of thc motion*aftcr 
thc dixk hai rotated onc-auancr of a revolution. 

10.62. Id&mify: Appty -/na to ihc trate and ]Tr - ta. lo thc cylindcr. Thc moiHHU are conncctcd by 
tfl érate) ■ ^<cylinder) + 

Si r V?z Tbc forcé diagram fortnccratc » givcti in Tigurc 10ó2a> 

txecvrt: -ma t 

T-m(g+a)-5Q kg(9 t K0 roV * 0 + 80 m%' 1 - 510 N 

I iuurc )0.62a 
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Si.r Up: Tbc (orce diagnini for inc cylinder a given ín Figure 10.62b 




FÍ-TR-ta , where J-0 + l2m and fl-0 + 25m 



FÍ^TRriaiR 



ti 



025 rol <2,9kg m ; X0 + S0 r» 1 * 3 ) 



0.12 



- ¡2(HI N 



<0.25 rn)<0J2 m\ 

KvAJ i aff.: The icttuon io ihc rupc i* greater (han thc ucighi of thc craic *íikc (he cratc acédeme* uattard Jf /"■' 
wcrcapplttd (o thc tiro of thc cylinder {/- 0*25 it would have thc valúe F-567 N. Tbí* ¡* greaicr iban * T " 
bccau*c ¡t muM accclcralc thc cylinder ai wcll a* thc cratc. And Fis larger (han th« bcaiuc ti I* applicd eloter to 
(he úxtx Uu.n A *o ha* a *mallcr momcni ami and mu*l be largcr lo give (he same torque. 
I0.6.V IDEVTOY: Appty £/" v -má vB and ^s/^a lorocroH 

Si i Up; Ai ihc poini of coniacL ihc »all excrt* a frktion forcé/ dirocted downward and a normal forcé» 
directed to thc ncbt Thn i* a lituation where thc nct forcé on thc roll is /cnx hut thc nci torque i* iwf m 
ExxtirTE: (u)Balancmg vertical Ibrccs, F^cqaÚ- / f F, and batano ti g honronral fíicrci 
¿^*ifif?-it. ;-h ■ :.■ ■■. thcw equatii . nei me .' i . O-ftrt + F * i», /^«n0-n. Elimiruitng a and 
*oÍvwu f**r F . givv* 



116.0 kgj 19.80 mnt (40.0 X) 



266 N. 



**& - // t *m 0 coi 3!T - <U.25)sín 30* 

(b) With respect (o tbc cerner of thc roll. therodand thc normal forcé exen aro lorque Tbc nugniiodc ol thc nct 
torque « (F-/)R, and/ - /f t n may he found by inttrtion of thc valúe Ibund for F 4 tnto eithcrof thc above 



<400N-3LS4\KlK.0*IC 

"7 10.260 kgnri 



4.71 noW 



EvaUiaTE: )f thc appljed forceé i* rocrca*cd. F ítí mércate* and ihi* cause* uand/loincrcaic. Thc ancle 
0 change* a* thc ainouni of paper unrollx and ihis alTcct* a for a civcn 
10.64. Id£yufv: Apply m Ia t tothe Irywhccl and ^F-«mt lo tbc btock. Tnc laryct varíabki are thc icnsionin 
thc ^Inng and ihc accclcraiton of thc block. 

(a)Strllp: Apply = /a, lo ihc rouiion of thc frywhecl about thc axis Thc frcc-bodydiagraro tbrthe 
llyK'hcel (n civen Ín Figure I0*64a* 



l AHirt: Tbc forcé» n and Mg act 
it thc axii xohave dcto torque. 

Ir,-™ 




rieurc lOfiJ^ 



SO Vfz Apply 
m lltíuff 1 0 + 64b. 



mreion of Ihc block. The frcc-body diKi»m tW thc block » ai ven 




n-m£co*3ó.9°^Ü 
A ■ A" ■ A** 



eira TR-Ia*R 



mg*ínJ69 e -r-/i^£c<>*369 & -míi 
rng (un 36.9* - k «*36.9*> -T = ma 

Bul wc aUo know thoi *j 4 vL ■ R/i_^ t . 10 - <t \ R, Uúng thu in ibc V r /a i 
T-*I K Ivj V*c thb lo rep :.k . Tin ihc ^_ ." - am, equttion: 
mgiün 36.9" - ^ W»3W1 - (f * R 1 >n - *w 

ñtTTTP 

5 (JO k¿+olOD kg m " <a2ül> mr 

<ü20í)m) J 

EVALUATE: If thcslring iicul ib: block wilUlidc down the incline with 

tf -£*ni36 + 9 1 * £0*36.9° ■ 3.92 mv The jctual *ccclerMion ii lea than thii bccju*c mjj sin 36.9 rrniti . ■ 
accckme the flywfeecl. mg*inJ6.9 & -^ -19.6 N. Ti* les* (han ih¡*: Ihcre musí be more frece on (he block 
directed otara ihc incline than up then incline xince ibc Uock accdcratc* down ihe inclinen 
10.65. locvnFV: Apply £f -mito the block and £r - /or. lo thc crenbined dt*k* 

Stí Up: ForadUk* / At4 - i.l/U / lor thc di&k combinalion i* / -2.25*10 1 kgm\ 

ExiXlífE; Freí lenaion Tin ihe itríng» mg - 7" - uid ai>l - /a - /i + tíhmiMmg Tand *olvutg forji gitc* 

K 



tirmc ix aitachcd. 



ivbcrc m « the ma» of ihc hanginc block and R i* ihc radntt oí the di&k t« whtch thc 



U) With m - LS0 kg andí - 2 50* 10 ! m. *í - 2M nA*. 
<b>With i»- 1.50 kgind fi - 5(Xi ( Id m j- MI w'i 1 . 

The jccekrjtion i* larger m ca*c t h i; with ihc «trina aitd^hed tu ihc lunzcrduk, ihe lenxion in thc xbring b capuble 
ofapolyine^ breer torque. 

EVAlArATE: ai - v. ft , wherc vb the speedof Ihc block and oiu the angular inecd of ibe dnkt. WhenA ii 
biucr in pan tb). a %malfer fnction of Ihc kinctíc cncrgy reside* wiih thc dnk%. Thc Mockgaint more «peed a% il 
ftlU a ccttjin di&tance and therefrec hai 4 brc,cr jccclention. 
10.66. iDEvnFY: Applyboth ^ F - n& ¿nd V r -/« tu thc moiHm ofthe rolkr. Rollmg ^ithout dippmg mean* 
a - Ra. Tirxct wiabtei ore a jnJ A 
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rotlcr i% civcn in Figure 1 0.66 



RWXTE: Apply -m¿ lolbc 
mnsltitional moikin of thc 



T 

Figure 10*66 

Apply ^ * - lo ihc f iMaínm aboul (be ccnlcr of mat.v 

thin-wallcd holkw cylinder; / ■ .l/fl' 
Thcn J]r - /« implie? fR-M&a* 

Bul o* J# - Air, m / - Afo -t - 

Uung ibi* in ihc V/" - ma t cdUAtion gives F - Ma M - Ma_ ai 
a„*F>iy* ¡indinen / * * M( F ♦' 2M ) - PH 

EVAUUTE: )f thc súrtate wetc JbciioiUct* thc objcci would riide wiibout rolling and Ibc ttrcclcralion would be 
* W Af . The accelcration ú \cn wben thc ob)cct rotl*. 

lot-N iim: Apply ~ wm t« e¿teh objccl and jppty - «te. to thc pulley . 

Suf Up: Cali ihe 75.0 N wcigbt .4 and thc 125 N wrlirbt i/ Lct and T t he thc (oi-hiih w thc cord tu thc lefl 

and (o thc ríghlof thc pulley. Por thc pulley i -±MR* . wherc lfr - 50 0 N and jv-OJOOrn. Thc 125 N wcíghl 
iccclcmci tkm nward with accclctaiion a t (he "SO X wcight at* ce letales upwanJ with ¿cccicration a and ihc pulley 
ra lates clockwisc with angular acedera* ion a B uhere a ■ . 

EXEtirTE: ^/"-iiwr applicd (o thc ?5 + 0 N wcíght give* T A ~ w A = m t a . ~-*ná uppltcd tothe 125.0 N 

«cighigno X r * cJ ^ B PP |,cd,0,he P uU,? y« ive * <w,i>*-(t«V«i r^-iif 

Comhminc thc*c Ano cquation* givei w É ~~W Á - (m A +m M » M '2\a and 

Ii"Wfc(l-*/l)"WílMfc"?M5N. -™ appücd lo thc pulley givc* ihai thc forcé Fapplied by ibchook 

tu (he pulley in FmT á +T é + w w ■ 239 N . Tbe forcé thc cciling ipplici lo ibe hook I* 239 N. 

EvaLUaTE: Thc forcé (he hook exeru on ihe pulley i* Icsv trun thc loUl wciirtrt of ibeiyitenx lince Ihc net 
cflcct of (he motionof thc «ytícm t% a dounwanl ¿cccleration of nuiv 

IDENTIIY: Tliix probkün can be done cither with conienu(íon of cnetgy or wiih ^ ■ hWú 1 . Wc will do n 
«ay* + 

MSvrlin (i) finii imíw ^finii í^+^+Ip^ -je,*!/,. 

Take pcuitíon 1 to be ibe location of Ihc di»k 
a\ (be baic of Ihc ramp and 2 lo be where (he 
diik momenurily rioni before rolling back 
dowtv a* *hown in F i cure 



N»125 N*25.0Nr 



Í1J5N . 




l atiré )0.6&i 

Takc (he origin of coordinatci lh ibe centerof thc diidk at poiition I *tnd takc + r lo be upwanl Tben _i* - 0 jnd 
i-'mi: . wbete d ii (he disiancc (lut thc dui toMs up ihc r;imp. "RolU wnhoui slippmg" mtd ncgleci rolhnc 
fnciion il r . - ü onlv gnvity doci work on thc diik* %o ■ 0 



i' 2-J m, . : .. L , 10 




JC jB ^lftf f^i^ (Eq.10.11). Bul «. - v'* /^s^Jffl*, » y/^* «t(t jM **)í*< / ** 1 1,111:1 
JC¡ i 0 idisk is Al resi ai poiol 2). 

4ff«nJG* 4|9.X0mVlñ30 (r 
Su l p; (2) /orre tittWfmjran The Irce-body diacram b given in Figure 

K 

KxtCirrK: Apply tothe 

translaiional motion of Ihc center ofnuw: 
♦lrgs¡o0-/ = *Wtf — 

Apply - /o. lo Ihc rotalktn aboui (he 
hCnici of nuu 

Figure 10.68b 

Bul ( - Aa in thi* cquaiwn pives / - - l/.i ^ Ust thú in thc ^ - nia r cquaiion lo elimínate j. 
AigxmO-lAto^-Ma^ 

U divides ooi and ±a^-g%\n0. a ím -Ig tinff - ¿-(9.80 nvV)*in J0° - J.267 nV* 1 

Si;r Up: Apply thc constant accclcrahon cquations lo Ihc moüorj of (he cerner of mats. Nole thai in our 

coordínate^ (he posilive -v*dircction b dora thc incline. 

v ma ■ -150 mi <direclcd up me nelinek a t ■ I 2' " nV* J : 

v - 0 (momcntiriry comes lo renK x -x tí ^? 

EXECRE: ,-^-<""^-W 

(b) EyaMjate: The remití from ihe iwíi mcihodt agrec; thc disk rolU 0.957 m up thc ramp before K sicps. 
Thc mas» M enter* bolh in thc linear inertia and in (he gravity forec so divides oui. The irasi Ai and radios enter 
m btrtlt (he roiational (nenia and (he graviialional torqoe so divide out, 

lü t 69. lomin; Apply -mji >B . to thc molion oí thc cerner ofmasi and apply JV. = J^tf + tothcroiationahout 

(he cciiicr of ma^s- 

SO Up: / ■ . ^ ■ - jV \m AfR* The momentarm for Ta h 

Y.\tx i rt.: Hic icntHm is related to thc acccleration of ibc yo-yohy <2m)£ - T - (2iw)tf* and to the angular 
accckration by 7h-ta~ /— Dividinc thc sccoud cquaiion hy h and addáig lo ihc first to elimínale T vichis 

g — g " W i - p ~ . . a - g ^ ■ ■ The tensHM) is found hy suhslitution into eiiherof thc two 

1— 1^ '^ J= . 

EVALUA fE: .> !m »0 t A* A-* ff, a->2gi3. 



Di/iumin of Rolalional Molion 10-25 



10.70. Id&ytifv: Appty conscrvaiion of cncrgy lo ihc moiton of thc sbdL lo rind iis linear speed v at poinu ^ and fl. 

Apply y f ^ mtf lo ihc circular mot ¡on of Ihcshcll ¡n ibc circular part of ihc Irack to find thc normal forcé cxcticd 
by ibc irackat eaeh point. Since r«R ihc «he II tan be Irealcd ai a point mas* moving in a circlc of radiustf 
apptying V / " ni* . But a*, thc shcil rolb atoog thc traek. il ha* both translaiioral and rotalional kinette enere; 

ScrUP: K¡+L\-K : +b\. Leí ) be at thc sianmg poini and takc r-Gtobcat ihcboltomof ihc irack* to 
y, = A, . - ^mv > + LtM* . / ¿¿m»*" and ai - v/r . no X — -iinv 1 . During thc circular rnotion.. a,^ - r 1 .R , 

KxtXt rE; (af " m * poinl /í give* n nyg - ai— . The mínimum «peed for thc shcll not lo fall olTihc 

tratk ii nhen n -*0and r ; - rR . Leí point : be .'. so >¿ -2ff and i -w/í Thcn * * í A " * 6* ; gtvtt 
:"i,;jV ■ t2 + i)jt-jijr „ 

<b> Leí point 2 be A so Tben AT t *t7, - A', tíAgive* tng\.^mgR*jimj . Wüb I - ^-fl ibis givei 



~^-gft t Thcn Tf ~ntdat grves tt-m—* ±±mg . 

R 

[t) No» 4 K ■ t-dh j inrtead of ¿mi' > Thc shcll would be moving i ■ .!■_ : at 4 
thc complete loop. 



ttith Inction and wouJd Mitl maki: 



(d) In part (c): Mgk^ - irgilR} * ^m\ 3 . Agiles i p * -tíí" . - ai potni give* mjf <n— and 

r - #íj — - . forcé itut i 



thc spccdofthc shctl atJ 



rcquired for ihe circular motion. 

EVALUATE: Thc normal forcé at A i* greater wben friction i* 
when friction i_s atacnt ihan when iherc is roltinc withoul slippme 
10.71. IDEOT1FY: Coniidcrthcdircciionofthe nci (bree and ihc sense of ihc ncl lorquein 
StF l'P: Thc frec body diagnm incacb case n sltown in Figure 10.7 L 

Kxjti'FE; In ihc lint case* F and ihc friction forcé aet in oprxuiic direcliont. and thc Irkiton forcé cauNci a 
larger tttrque to tend lo rotate thc yo-yo to thc right. Thc ncl forcé lo thc right \* Ibc útrTcrcncc F-f, w thc nct 

Ibrcc t% lo thc right whik ihc nct lorque causea a clockwis; rolatíon. For ihc vcond ase t boih the ttirque and ihc 
friciinn forec icnd to lurn thc yo-yo clockwisc, and Ibc jro-yo mo>e« lo Ibc right. In ihc ibird caac, friction tendí to 
move the yo- yo to the neht* and since ibc applicd forcé is vcrbcaL thc y*> -\ti moves lo ibc righi. 
EvaLIiaTE: In thc finí ca%c thc lorquc duc lo InctHm mu«t he larger than ihc torque duc to /'. m thc ncl lorque i* 
clockwixc. In the ihird ta» thc littuucduc lo A'muM he laiucr titán thc tonauc duc lo fl so thc nct loruue will bcck>ckwiic 





Fis¿urc 10.71 

10.72. iDEVtirV: Apply ^F^ - mé ^ to the molion of thc center of ma« and ^r - í ^a lo Ú 
cerner of mas». 

Sí:fUP: Forahoop, / ^ .l/tf , For a solid disk, l ^jMR\ 

EuitiTE: M Dccausc therc u no vertical motion. thc tensión bjust thc wvitjhí of ihc hoop: 
I - - (i) ISOktfi^ K N/kg>-l.76N. 

1WU*c r -lato fiada Tlteionaucis RT. so a ^ RT I - RTfMR* -T MR -MgfMR. so 
cr p ■ m ■ ■ j > m ^)/(0M m) m 122.5 ndV * 

(d) Twould bcuncbanged bccawe the mnwA/ n the same; a and a would be i*kc as grcat because / is now 4 MR* 
l-un u c for a point on the timof thc hoop ordnk cquals n for the frecendof thestring Sincc/ix 
smallcr for the disk. the same valúe of T produces a urcaicr angular accclcration. 
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10.73. Ideviot: Appty r ■ Sa A to thc cylrnilcror hoop* findo for (be frecendof the cable and apply conitani 
accckration cquaiioro* 

Si:r UP: for a pomi thc nm cquaU a fot thc ftre end ol 1 the cable, and - Ra . 

DUiance the cable movee x-^ar^ + ^í* give* 50 m -i-|SÜ mV**)r and f -1.41 1. 
V.av :n ■ )( M I *) - 70 JS m/% t 

(b) lora boop. / ■ Jí/í". wltuíb i* twice atlante a* befo re 10 a and woukl be half ai large, Thcrcforc Ib: lime 
wouldhc longcrby a factor of <¿2 ♦ l ar ihe ipeed, v; - v¿ - 2tf.r. in whichi i* thc *jnte. %o v M woukl be half ai 
large *¡oce a t b ¿iratler. 

EVALUATE: Thc accckration a fluí is proouced den cndi on thc mas* of ib: objeti but « incfcpcndent of th¡ 
radiui* Bul a ckpcndi on hoiv ibc mis* i% di.iinhuicd And i% dillcrcnt for a hoop vcmi* a cylinder. 

10.74. lotviiM: U*c projcciilc moiton lo tind thc «peed v ihc imrblc need* ai thc edee of ibc pii lo makc it lo ihc Icvcl 
groundon ihc other siete . Appty comcrvAiion of cncrgy to thc molkm duwn thc hill in order torcíale thc uuiul 
hcight lo ibc ipeed vat ihc edge of thc pit* ií rt ** so cnniervation of energy give* K t +L\ - K t +U f . 

Sur t'P: In thc projcciik motíon thc rnarbte mutt travcl 36 m horí/ontally whik fatling vertical lv 20 m Lcl *y 
bcdowward For thc rnotíon down the billjcl y t -0 u> I/, -0 and y. -fi * AT, «0. Rollrag withoul ¿lipping 



EXECUTE (■) Projectik raotion; v„ ( -0. o t -9.H0mV. y - y d = 20 m , v-v^vjfVr givc* 



i f-^ ~>'*' a 2.02 <.Thcn i-t^v.f uívcs v=v 0( =£Ü*^ ^ 17.8 mi 

r 2.02 % 

Moliondown thc hill V=K t . m*A = -mv ? . h = — = ? " 7 S m *\ -22.6m. 

10* IQRROrnV) 

(b) -^W.inóefcndcnlof^/u proponioriAl to A' bul u proponioruil to MR 7 foragivcn 
tran\laiii«uil &pccd w 

(e>Tbeob)ccl»lillnccib r = l7H m-iai thc botiomof thc bilí in order to ckor Ihc ptt + Huí nmv JC r -Í.ím +> Mid 

2« 

EvaJ-I afe: Thc antier to pan <a) alio doei not dependun thc ma&i of ihe nurblc. Bul it ooc* depend on bow 
thc mam « di&iribuicd within thc object. Thc amwcr unmld be diíTcrent ¡f thc obfeci ^-crc a holkiw iphcrical ihel). 
In |MTt i c i les* hcicht i* needed togive ihe nbjcci ihc lame iran^lat tonal tpced bccau»c m (c ioone of thc coergy 



10.75. locvnn: Apply conscn ainm of cncrgy lo ihe motíon of thc boulder. 

Szj i y .'. - ■-..'"■>■ ,]r.J ¿ofwbcn there b rolling wiihout *l^ping + / -4"*^ 
l!\*;c t fk: Bmik into 2 paru 4 thc rough and imo*>th tcclktn^. 

Smooth: Rotaitoral kinctk cnergy do« not chance. mgk¡ H ^**£^»+J?«< tÍt*^ )"3^ 



tfc - J_ g^rlght - JyRSOmi l * , H25 mi* 2(980 roVH25 mi -29^m t f . 



iimlkr fraction of tbe initíal urav ¿latíonal potcntial cncrgy goei into tran^laiHtnal kínctic energy of thc cerner of 
trniu than i f parí of Ihe htll is &mooth + If tbe enüre hill i* *mooth and ihc bouklcr ^ide* uithoui «Jipping. 

v b -J2g{$0 ai) - 31,3 m'i . In Ihb caic all the ¡niñal gravitabonal poieniuil cncrgy gocs inlo Ibe kinetíc encrgy of 
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10.76. locvnrv: Appty conhcrvaiton of cocrgy 10 ib: moúm i>f thc hall ai ¿i rol h upthc hall. Aftcrme hall kavei the 
cdcc tif ihc clifVit riovci in proveer 1 le motion and emitían! accclcraiion cv|uaiion*. c&n be u*cd+ 
<»)StTllr: Uic con*crvaikm of cncrgy tofind ihcspccd v : of thc balljuit befare ¡t leawi thc topofthe eliiT. 
Lclpoint I be al Ibcboilomof thc hill and point 2bcat ibclopof Ibe hilLTakc 1 - 0 ai thc bottorn of ibc hall. «1 

/,-0 and 1^ = 28 Ora 

EXEClTTEl K mU *[/ 



Rolling «ithoui thpping mean* w-v r and = 4(4"' h 1 " 



v ; = ^-¿?©^ISJ6m* 

Sur Le: Coosidcr Ibe projectile moi™ of thc hall frumJuM after ¡t Icavcs thc top of thc clilTuntil ju*l before it 
-. Takc * v lo be downwird- Use Ihc vertical molkm lo find thc time in thc air; 

v #ff «(X ff^^BOmV* y- v # =2H.O oí, /«? 

E XI CUTE: y-y a a v tt i+-j4 l t i gtve» f = 2.39* 

Dunng ihi* lime thc batí IravcU honronially 

= WMl5.26nV*|(2J9<»-36-5in> 

Ju%i before 11 i.iiu-.. v av #i * = 23.4 m i and r ( = i* tt = IS.3 01» 
v^vNi>;=2S.O m* 

(b) EVALUATE: Al thcbottoniof thchill* »■ v/r«(25Il mAj)/j\ Thcrotabon ratc cbcoi'l cbange «hile theball 
i* ¡n Ibe air, after it lea ve* thc top of thc elifT so ju*l before 11 landi tú - (15,3 mil'A Ibe lolat kinetic cncrgy \\ 

thc same al thc botiom of thc hill and juit belbre it lanib» bul ju*i before íl landi lew of thb cncrgy U rotalkinal 
fcinclic cncrgy. 10 thc tran&laiional kmetic cncrgy i* greater. 
10.77. Id&n vw\i Appíy con&crvaiHin of coergy 10 ibe molioo of the whcel. K - ±m\ 2 * tita" . 

Si:r Up: NoiJipping mean* mal m m v/R> Unifbrm deraity mcam m ■ x2.r/í and -ÁR f »hcrc m is Ihc 
mau of ibe lim and «i 4 « the man of eacb *pofce* Fot ibe whcel» / j J fH 4 / # ^. % - For cach spokc, / -n. .'■ . 

I \m i n : (■) mgk - i-nrv* *■ . f a f^,->f^ n »w^iH»6^1itt t JÍ J j 

AUo. «ir ~ jm, ■# ni 4 ■ 2zRÁ *(iRX ■ 2£4(t * 31 . Subitiluiing inio me con«cr>3tion of encrjty cipiaiioo givc* 



LrAAif * ■+ éf -mRR 1 ti 



flx»3)jBfc ^t3)|9.80m,VHSH t 0m) 



1 24 radA and v - Jí<» - 26.0 m/i 



(b) DouMíng thc cfctuiiy muid bave no cfFcci hccau&c it does nol appear in ihe m^rr. in^enely proporti<inal 
loft M>doubling ihc dtameier woukl dtmblc thc ndius which would reduce & by half t bul v ■ R(& «xmkJ be 



l->ui un Changing ihe mauc%of thc nm and tpnke* b>- diffcrenl amminu would alter ibe «peed v at me 
botlomof thc bilL 
10.78. lofcvnrv: Apply v-IEku. 

Si:f Up: Tor thc aniiquebikc» rn thc %ame for pninbt on thc rimof cach whcel and e<|iali thc linear &pccd of me 
bike. I rev- 2r red . 

I'\m 1 m : ta) fhc mant wbcel » tumingat a» -LOO Kvft-2x rad/v v-r<w-(0J30 mH2r r¿¿*\) 2 + 07 % . 
<b) >2J)7 1^^)^0.655 m) = 3 16 rad\/*-0S03 re\%** 

i€i »-v/r-(2.07 n^;»j:(0.220m) = 941 ndy* =130 rcv;* 

EVAUrATE: Since the fronl whcel ha» a larger radiut for Ihc antíque bike, mal whcel doexn*l have to roíate al a* 
num rev » lo achieve the tarr 
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10.79. IdevtoY: Appty con*crvai»on «f encrgy 10 ib; irnium of thc hall Once* thc ball Icavc* ihc irack ihc hall mm« 
in prujcchlc rtiirticin 

Si 1 l >; Tbc hall bas / - -mií' : the aílvcr dnUar ha* / ■ T -w/T . Por the projectifc motkm lakc + r dowrtwanK 
*o 0 ( i 0 and d f = ♦ / . 

E\j;c t rn (a) The kinciK ener^y ofihc hall w hen ¡t Icavcs tbc track fwhcn rt ti slill rolling witluiut dipping) i* 
(T/HUnrr' and th^must be (he done by gravity, íf - m^A. so v= J10gft/7. Tbc hall i* in thc air for a lime 

(b) Thc ¿mwcr doc* nol depend un t% m> thc result «hould be thc same «n ihc nwon 
(e)Thc ptctctKc of tullirte frietion tvauld dccrcasc thc di*tance. 

<t) For Ibe dollar twn. modefed a» a unifarm dbc, A' - ( V4 w t and hi t - j8tVi*y3. 

EVALUATE: The«pherc travcls a litüe farthet hwrwmtally^ bceausc tts moment inertu ¡1 a ¿mallcr fraciton t*f 
lt7í J iban Ibr thc ditk. Thc rcsult is indcpcnócnl of thc mas* and radiu* of thc object bul it doe* depend on how 
that mas* ¡* dútribuicd <AiihÍn ib? objccL 

10.80. loEvnn and Ser L"P: Apply coraervation of cncrgy to thc moiionof thc ball Tbc batlcnd* upuflh both 
translahunal and rolahunal kinctx cncrgy* L'ic Y*g*i I0 t \\t in thc tcxtbook m reble thc xpced of diJTcrcnt pointian 
thc ball lo 

EuxtTE: (■)£/* »jfa'»i(4ION mMOJSml 1 ^50J and AT t ^O BOrjk^ O 60 J 
A*, i ' - .' ■ rnlung wilhout ilipping lays ta-v M !ñ 



FromFig(I0J3)¡n ihc (cxtbori& 4 
itinelop of tbc ball 
v-2v = 18.7 m* 




7(0 + 05W kgl 
fttCoiuider Figure l0*K0a. 




Figure KUDj 




FtvimFig.ni> 13) in Ibe lcxtboük 4 
raO ai ib: hoiiom uf thc balL 



r - o 
í^n- lOKíih 



(d) The problcm «y* that 6\ ■ 0900^ ■ 3.24 f. Thu* ¿A = mgA = 3.24 J and 

324J_ 3.24J 

(00590 kgM9S0 mV) 

EvAl.t \rt; N'oi all ib: potcntial enenjy storad in ihc «pringgoc* ¡mo kinclic cnergy at Ibe ba*e of thc rampitr 
mhi graviiaiiixul fxitenhal encrey al thc teft ofthe ratnp hceause ulTiK*of mcehanical enerey duc 10 negative 
wurk done by FrtciKMV lf thc ball ilidcs wimout n>lling + tben A - imv^ and \\ m - 1 1 + 0 mi \\ mt i% leu than ihi% 
when ihe bull kAU and Mtmc ofiis loial kinctie cnergy i* routional. 
li.ftl. 1 1 1 mu \: v g m¿ti& 1 y 4 -dy'dt * 0. ~dv t idf „ d t -d\\/dt . 

Srr Up: rfco^«í}. rfj - -«an^l . rf»n<«rf A - oteóla*)* 
Emk ite: (a> Thc sketch U shawnin Figure KLSL 

(b) í ü thc radium of Ibe wbeel (v ^uriei írom 0 tu 2K\ and Ti* ibe periodof thc^hccF* rotation. 
(ODtrTecentiatmg. v. - —^-crc^—jj . \ R 
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10.82. 



lúplci of ibc pcrtod 7*. The 



accclcration comnoncnis al (hese limes are a t ■ 0. */ 



(t) 



. *;-I_i 



J2st\ J2st\ *w*R 



l+ñn *l I - indcpcndcnt ol lime. Tbi* i& ibc magniiudc ol ihc 



radial accclcrai»on for a powt moving on a cirele of radiut R Wlb cornual .muular vclociiy 2.7 iT . For motion thal 
ccinMtf* ofthK circular motion superimpoted on mobon wiibcomlanl vclocily (a - O)* Ihe accelcrabon duc lo ihc 

□ uvular mobon will be thc total accclcration. 
l'v uhm; a h indcpcndcni of lime, bul ip 



> 
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Figure I irs i 

IDICTIFY: Apply thc work cncrgy ihcorem lo Ibc mocioci ofib; bad^cibjill. K -±m\ J +±t*f and vmJtm. 
Si:f Up: Fot i thin-wallcd, holtow »phere / ■£fldl J 

l-Au i rt: For roüing withoul .ilipping, thc kinciK cnergy b (\f2]{m * J/Jc 1 )^ - (5/6)wv J ; initially. Ibis n 

310 J and ai (he «turo lo Ibc boitom it tt S.OJ. Fñclion ha» done -24X1 J ofwork* -12.0 J cach gong up and 
down Thc potcntial cncrgy al (he highc*i poinl wai 200 J. thc hcitr.hi abnvc ibc cround 1*3» 



20.0 J 



[0.600kg)(<J80 m/V) 



■MObe 



EvaI-I AFt: AlJ of thc kmetie cnerry of thc hatkctbaLL transljtiunal 4iw roiationaL ha*, ncen removed at tbí 
where thc baskciball n at it* máximum bcighi up ihc ramp. 

Jní % un: Use eomervation of cncrgy torcíate thc *pccdof ibc bbck 10 ibc dútance it has ctaccnocd. Thcn uve 
1 coruiani accclcration cquaixm lo reíale (hese quantitic* lo ibc acccleraiion* 
Si;fUp: Forthccylinikr. / -±A/{2rti\ ard for me rwlley, /-flflf : . 

Y-\t < 1 fk: Doing thn prtiblcm u*ing kincmulici involve* íbur unknowrn i*ix, counling tbe 1™ angular 
Kcckration&K whik using cncrgy con*¡ctaat¡on* siirfilifici thc eakrutationx grcaily. Jf ihc block and ibc cylindcr 
bi3tb have %pccd i\ ihc pul ley ha* angular vctoclty v R and ibc cvlindcr ha* angular vclociry vi2R % rbe loial kmetic 
cncrgy i* 



Thú kinelie cncrgy muM be rbe i*ork done by gravily; if Ibc banging tra&s deiccndi a dblance i\ K ■ Afgp, or 
v 1 *i2/y)g)\ For eoroiaoi accclcration, v 3 - 2ay\ and comrxtruon ofibc : cxnrcixioni givci a-gft> 
EVAUUTE: irthcputlcy wcrcmaislcwarid me cylindcr %lid wilhoui rolling. ♦lr# - 2,Uuand n - x 2 .Thc 
roiation oribeobjcctt recajees thc accclcration ofihe hkick 
l0 + 84. IoivtifV: Appty ^* r ■ lfx x to thc dran h bndge and calcúlale a A . For pan (c}u*c con*cr\ h ai»on of cncrgy. 

Su Up: Tbe frec-body diagram Ibr Ibc drawbridgc iigiven in Fig-IO.SJ. For an axüat thc lowrend^ / ■ -mJ" . 

EXECUTE: (É) T r, - la 8 '«*« '"' «rfO*^ = 'jmftt, wd a.~ 3j " 4 °° m " epl | WJ ^ , 0 .9 19 nuW 1 

* S Oij m) 

<b) «Tj depend* on ibc anglc thc bridge makc* with thc horiAmial. </. i» nol con»iant durinc thc moi»u and 
it - a{ - f/ r can nol be used 

(c) Ufccconscrvaiion of cncrgy. Take y - 0 at thc lowcr end of ihe drawbridgc* n> y\ ■ Í4.00 mH«m6D.0 fr )and 
y r »0. JC f +ü r «X; + U t + gtxci ü t -JC ( * ^-¿((«/'tf and 

/ KOOm 
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10.85. 



lUi. 



HUI 7. 



Fv wt afk; If \\c i neo truel ty vsiwk that a ü 

- fl¿ i-2rx (0 vivo - H*í r»J i . The 

uu-'ulur vcloeilv i.% Luce* ihan :1: ■ 




ha* thc vuluc culculuitd in part *a« then 

ln¿rcusc* us thc bndgc roíales and thc actual 



■tthi: luí 



mora lOítj 



iDENtin: Apply conservalmn af cncrgy lo thc molion oí thc lint hall befóte thc cuUuxm and lo ihc mil ion of 
thc sccand ball aner thc colliwon. Apply eorocrvalHm «f ungular momentum lo Ihc colín ion bcrwccn thc lint bull 
iml thc bar. 

Si'.F Lp: Tbcspccd of thc hall just befare it bils thc bar ¡s v— ^2gy — X 534 nvv Use camervat ion of angular 
momcnium lo fmd thc ungular vetoity ta of thc bar ju*l after ihc collisian Takc thc axis al thcccnicr 
ExtctTE; -wr -(5.00 kgKi5 + Wm*M2.00oi|- 153.4 kg m J 
Immcdiatcly ailcr thc col tision thc bar and both bullí are roiatinc to^ether- 

******* 

t m - i-W/ ; * 2w ; - ¿*U0 kgH4O0 ro> ; * 2(5.00 kg*2.00 m) ; - 50.67 kg m' 
¿* a!53.4 kg'm* 

Jum allcr ihc collisian thc second ball huí linear *peed i* = jw = (2.00 m)(3<027 rads } ■ n.u55 m % and 
upward. Lmv' ■ mgv gires r - I.B7 rn for ihc hcight ihc second boíl goc* 

EVALUATE: Mcchanical cncrgy ¡s lost in ihe inclusric coUiñon and «orne of thc ftnul cncrgy is in thc rotation of thc huí 
with ihc lint Kill tfuck to it. A* a rcsult, Ihc second HUI efcics noi rcach thc hcivlti from uhxh thc fn\t ball ttu* draffva. 
iDBfTlFY: TYk tinvx und ihc rod exert forcea on caen <rthct\ but ihcrc is na nct forcé or lorauc un thc iy itero and 
*o thc anfiiilur momentum will be constanL 

Skf Up: Fot thc rxxL / . For caeh ring, / ■ mu** , tthere** t\ thcir diitanec from thc ua¡>. 

ExeCL'FL: (u) A» thc ring* tilde tmvard thc cnd*. thc montcnt i>f incrliu ehuncets und ihc final anculur \clocily ix 



ei\-cnby t&. 



' T VA/i: J .2 1 wti , ] 5.« 



=— , -7.5 wmrimm 



00x10 kg 

Ib) Thc larcci und ttirauc* that ihc rinu* und ihc rod exert un caeh other will vuniih* bul thc comman angnlor 
tcloeily will be ihc tunie, 7.5 rcv'niin. 

EVAJX'aTE: Sale that eanvctMiro fnxn rcv min lo rad i wat not neecMury. Thc angulut vcloeiiy oflbc hhí 
dcercatci as thc hng> mmc an h uy rraro ihc mtatian axis. 

loi-MiFt: Apply eonsen'alion oí umtulur rotroicntuni ta thc callitwn. Lincur momentum i* not conicrvcd 
bceausc «f thc forec applicd lo ihc rod ul thc axis. But sincc th« cxterral forcé aeti at ihc uxii^ ít produces no 
torque und unuulur rnamentum n eonsen^ed. 

SKF Up: Thc system befare und uficr thc cal lisian ii sketched in Figure 10.87. 

EXFXlíTF-: (*\ ^=4^ 

ui> 
i 











1* 




i 

















IkareJtlí? 



D>junuoof Rtilaluinal Molion 1Ü-3I 



Thu* t.^L.givc* im^^^Um^L^^m,^)^ 



EVAUUTE: The colusión ¡* incla*tic and A' < K t . 
10.83. iDEtnm Appíy Eq.<10.29). 

SaVR Tbedoor tu* I -±»¡r nielonjuc apphcdb} thc forccíi *i»fa«c r*U2- 
E\*;C~l'FE; Ir, ■ //y and 3X - r/^Af - /iA The angular vcloc(iyr9¡* Ihcn 

w— - r ^"^ j 1 1 r - — where i is thc widih of Ihc detnr $ub*tilulion of thc viven numeral 
/ t ¿«T 2 m/ * 

valúes g ¡ves &-0.514rad/s» 

K\ Al t ¡aT£: Thc final angular vchxil) of ihc door i* pronoriionaJ lo bolh ihc magniludc of ihc avcrjgc 
alto lo thc time it aciv 

10,89. (a) IDKNÍIFV: Apply cootcrvjiion of angular momcnium lo ihc coUüion bciwccn thc bulki and thc boarri: 
Si i Up: Tbc systetn before and afler ihc collUion u sketched m Figure I0.S9¿< 

0 

'-0>}5n> 




• i 

i^i»w™¿-iirrf -11-90*10 1 kgK3ó0m.sK0 125 mí -0.0855 kg ro** 1 * 

/,*Í(QJ50 k S M0.250 ir*) 3 *(I.90*Í0 1 kgtfM25 mi* =0.01565 kg-m 3 

; a 0,1565 fcg m* 

|b) IDESTIFY: Appfy con&crvai»on of cncrgy lo ihc moiion oí thc board arter thc colhiion. 

Up: Tbc posición of Ihc board at poinu I and 2 m üs molkm i* *hotvn in Figure IDS%. Takc thc origm of 
ihc center of thc boardand + r lo bcupward, so y vflKt - 0 and v_ : - A. tbc hcight being a%kcd Ibr 




EXCCLTK: Only graviry 



úoc* u'od, «i l*' ■ 0. 



* J= o 



■o 



10>32 i hjpirr 10 



Thu* ¿-/<w -nu*A 

a — - . - D.03 1 7 m - 3, 1 7 ctn 

luig 2(0.750 kg + 1,90* 10 * kgM9,R0 mV ) 

[c) loixrm andSEr Up: Ib: posición of Ihc board at poini* I and 2iniu molino i* thown in Figure IOB9c. 

> 



Apfily conicrvation oí cncrgv a* in part ibh 
exccpt now wc wjoI ■ - A- 0,250 m. 



- 025U m Salve for ihe <o after ihc colluion that i* 

reouúcd íor ih¡* ta 



Usure I0JÍ9C 

EXFXirTE: -«ffJE* 

iflft |2iO ?5Q kg-l 90*11) ' kgM9« K0.250 mi 
/ "l) 0.01565 kg -m* 

m - 15,34 rad* 

Ni»* go baek lo Ihc cqualion that rcsulti from ^íplytng conserva! ion of angular momentum tome colusión and 
io)ve Ibr ihc initial *peed ofihe bullct» t -L impliei m^^tf - SjOj 

■^jJ <I,90*I0 1 kgKO.I25m) 




Evai.i afe: Wc nave dividcd the motion uno t»o wparatc evento: the colmion and ihc mol ion aílcr the 
coliman. Angular momenium ¡i conserved ¡n ihc colluion becaute the collmon banpeni qutckly» The boa ni 
docttn'i move much uniil after ihe collilion t% mtr, m Ihc re h no gravity toruue about the axu. The coIIímoh 
ínetalic and mechanieal cncrgy i* Icut ¡n the collmon. Angular momenium of the syslcm ii not eoriierved 
ihn moiKiiKduc lo Ihc externa) gravily lorque. Our answcrlo parn (b) and le) uy thala bullct «peed of 3n0 m 
cauie* ihc board lo swinc uponly a litile and a specdof 10 10 ms cause* it to s*mg al) the way ovet- 

10.90, Iut_\ IIIM Anvukn morueiMtirn :t conserved, to - / . 

Sir l>: Fot conitant mai* the momcni of incriia i* pronoriionaJ lo ihe squarc of the ratauv 

l \m i 1 1 : R;^ -R:& t +ac J(>t,-(J(,+ AUfie^ tA<y)- * 2AAR^ t * where the tcmw in 

&R&(a and (Aaf)* nave been onúticd, Cancchmt the A,*&v temigive^ 

£R--— ^-Llenv 

T < h 

- i I . 

EVALUATE: A^í ^ and -\ro-s'j, are eaeh very ^mallio the negleel of tenm eoniaintni: AÍAaioí (Aíu>' iian 
aceuratc MmpHfvmg apfiroximalion, 

10.91. IDEVTIFY: Appty conNcrvaiion of aneular momentum to the eolliüon betu h cen the bírd and the bar and appry 
eon&er\ h abon of energy lo Ihe motion oí the bar aAer the coL1i*¡on, 

Sti Up: Tor eon^ervaikin «f angular momentum lakc the axii at the hinge, For thkaxu ihc ínitíal angular 
momenium of the bírd i* #\ m ¿ (0.500 m)i*, wbere m. mi - 0.500 kg and v - 2.25 . For Ihii axb Ihc moment oí 

inertía a í - -»\J* --U,50 kg)(0.750 mi - *M kg^m' , For conserva t ion ofenergy t the gra\ h italKHul 

potential cneruy ofthebar W V - w M .i;v. . . where ihe heiuht of iheeenier of the bar. Take v^, - 0 . w 

Ku(i ii: (u) nr M (0.5Q0 mlv^ l^i^lw. 



b*K JO 500 m)t 3I0-50O kg.K0.500 mK2-25 in't) _ ? ^ n | t 
jh t' ~ (l.SOksXO^ÍOray 



D>iumir* of Rtiiaiional Mol ion 



|b)í/,+ I/^Jtj Applied lo Ihcmotion ofibchariiftcr(b:coHUiong¡ra - rf^£(-0.375 ml + ±f™: 




EVALlurE: Mcchunical cncrgy i* nol conserved in thc colh&ion. The kinctic ene rey of thc bar jutí aftet thc 
collmon n le» (Km che kinctic cncrgyof thc bírd jwi before thc colhsion 
10.92. iDfcYnrv: Angular mmentum ii cün*ervco\ sincc Ihe iimum ¡n ib: *tring vt in thc radial direction and therefore 
produce* ni> I erque Apply 2£ f - "n* lo ü*<f block, wiih it = ■ vVr. 
Sur l p: Thc bknrk'* angular momcnium w nh rctpcct lo thc holc ii £■ w:if . 

p j 

ExjxlTE; Thc icniHHt ¡& rcluicd lo thc block s muu and ¿peed, and thc radiu* of ihc cirek* by T ■ m — . 

r 

%\ mVr 1 ("t*^) £ i ■ * * 

T - tn\ — - ■ s ■ - — - . Thc radn» at whicn ibc «ruu: breuk* » 

r w r mr w J 

¿ ((0^50kB^^4,O0lllAH0 + gO0m^^ ^ 

r = ■ i, . fromuluch r - 0.440 rn. 

<nT^ mT^ (0.250 kg)|30Q N| 



Faaii.uk: Jtití beforc ibc atine brcaki thc ™-dflf thc rock n 14.00 mM — t = 7,27 nv* . Wc 



8D0 in | 
D.440mJ 



verify tbii v ■ 7 27 ro s «id /- ■ 0440 m do give T ■ 30.0 N É 
10.93. lot-MiH and S#;r L'p: Apply consenation of angular momcnium lo thc *yitcm coretisiing of thc ditk und irain 
Si.r l.=p: L¡ — L } , counlcrck>ckw¡*c pcuitive. Thc tnotion ú xketched ¡n Figure 10.93. 

£, =0 (beforc you iwitch oci thc tram * enginc; 
Üiw¿t bolhlhc triinand thcpbtformarcal resl) 



Figure 10.9.1 

Exkci n : Thc trun j* i(0.95 ai) - 0.475 ra. from thc ax¡*of roiation. so forit 
(I 20 kgX0.475 ni. - 0.2708 kg*m* 
» fR t » (0 600 m.»HU75 * - 1 .263 rad i 
Tru* i* thc angular vclocíty of ibc Irain rclatiw lolhedük. Relatíve iolhcc«th w t ¿w^tw,. 
Thut 

¿a» i, «y» ^=-1. 
1^ - wherc - 

d ^Wjff; * /, ;<7XH> kgK0.500 mV tft270K fcg *m* 

E\ Ai i AFt: Thc minus tign lelU un ihat thc dt*k ú roiuling clockwíic rclalivc lo thc cunh. Thc di&k 
roíate ¡n uppo^itc dircciHim, %¡occ ibe lolal angular momentumof ihe *y»ícm tnwt rcmaín^cto. Xdc ihai 
applicd 1+ - Lj ui un mental frame atuched tu thc earth. 
10.94. [ü£.vrtF\: / for ihe wheel a thc sum of Ibe valuei of / for each of its pjft^ ihe hm and cach ipoke. Thc total 
Icnglh nf wíre ii con^lant. Thc rnotion n rcialcd lo ihe friction torque by ^VV ■ /a . 

Sir l.P; 4if + 2tA- whcreff islhe r*dfun^f thc whcel and therefore thc Icnglh ofeach of thc fourxpokev 
Thc ma» of a piecc proportional lo thc Icngth of ihai pícec. 

CXECVTK: (n> Jí - . - m<J? - m 4M = W t -í 2 * W - 
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íh> «.-ifc + flVp» a t -- £+H«i £r á ~/«.|mi r r =(7.00x10" l )W.XÍ y- 
EvaUiaTE: Jf thc wirc tvcre bcnt mío a cnclc, withoui spoLe*, ihc momcnt i>f irtcrtia ivouldbe 
\! y _llJ — M*-10 "'Wjj Trw actual vahre of /forihe wheel i* leu thao thi* because Ihc 

xpokcx \% clo*cr thc ax¡% thm thc nnv 

10.95. lot-Min and S#;r L"p: Use (he method* itipulatcd in thc problcm. 

t!\t:c itc: (n) Thc iniiial 4itcutar momentum with rcipcci to thc pivot is nivr. and thc final loial momcnt of 

inettia n f * mr' , so ibc final angular vetocity te w - mvr^mr* ♦ ! \ 

(h) Thc kineiic cneijiy jAct thc coUi&ion » convetted to gravitabonal poicniial cnergy, %o 

Substitución of / a Ai/ 1 íoU> ibc rctull of pan (a) gívo a» - j ^|v/rt. and inco Ibe rccult of pan (b), 

i>- ■Jlghi \fr y whicb are conwlcni with thc form* Ibe v 

EvaIAiaTE: / ■ Mr 1 applici aporoxtmaicly wheti thc pcndulum comiib of a Iteavy calchcr mounled on a lighl 
jrm In thc actual anr*aralus.%ome of Ibe mas* ¡* durrifcuicd elaterio thc axis and / < Air" . 

10.96. Ideviif\: Appty conservaiton of morncntuni to thc sysiem of ihc rurmer and lumtahlc 
Su Up; Lct ibe nositive tente of rotalionbc thc dirccl»on ihc lumlablc b rolatmg initidlly. 

Exi;t i fe; Thc initial angular tnomctiium ¡* /ai - mR\\ , wilh thc minussign imUcating thal maner a motion i* 
opposilc Ib: mononof thc pan of Ihc lurnubíe under his fcet Thc final angular momentum is útil ■+ mR' k «o 
/a\ - mP %\ 

m i M02Wlrad/O-<55.0k^3M "*2.8 m/s) 

<SÜ kg*m : HlS5.0kgX*00 mi* " ' ' 

EvaLUaTE: Thc minus tign indícate! that thc lurnublc ha* re\vncd direcrion of motion. This happencd 
hecause ihc man had Ihc laxgcr magniludc of angular momcnium ¡nihally. 

10.97. loEVtliY: Trcat ihc moon as a poiot mas** so L ■ mr x &> t where / ix Ihc díitancc of (he moon froni thc 
cctilcrof thc canb Conicrvatíon of anguLu momcnium iav* dL di - 0* 

Sur Up: dr>'dt -3.0 cmy = 3.0x10 J m y + Thc perícd of thc mooo's orbital moiion » 273d = 2.3éxlO* * . 
r = 3.Mxl0* m. 

I \m L VI : ai . d: \mr i» - mw\2r ) — r ms' 0 t w) — — - . 

m dr ifí di r di 

T 2J6x|r/s m 

d(& 

— is nciraiivc* io ihe angular vclocÍt\' it dccrca^inc. 

EVALirATE: £ ■ mr'w. Jf /. m comiant. then ^dccrcaic% wbcti r Íncrca»ci + Thc Iractional changci in r and 
íwarc very, vety* «nalL 
I0.9S. lofAliFV: FcJIow thc mcihod ouilincd in thc hint. 

EXfXirTE: Thc vclocny of thc ccnicr of miu will chance by m JÍM and thc undular vclociiy will change by 
A&- Jix ^*"> > . Thc change i* vclocity of ihc end of ihc bal %vit1 ihcn be At m- - Ara. = — 



/ ai! 
Sctung \*,^ - 0 aJIowi cancel laiion of J and givei / - ( y - tvhtch when *oKcd for x i* 

t^m (0.600 mKOJtOO Lw > 

l!\ Alt vfk: Thc ccnicr of pcreimion \% larther Irom ihc handlc trian ihc center of man. 



D>rumirs oí RoialMinal Maltón 10-39 



10.99. iDcvnrv and Sn Lp: Follow Ihc anarysii ihat kd to Eq.{1033). 

Iah i n; In Figure 10.33* üi the tcxrbook, ¡f thc vector r and henee Ibc vcclor L ore not horizontal bul 
jjj anglc /F wiih (he nori/ornal* Ihc torouc iaiII still be hori/onioJ i (he lortjuc must be perpendicular ta thc vcriiraJ 
wcíghl). Ihc magniiudc of ibc lorque will be wco%ft , and this toruuc i*tll change thc dúeci*onof the hon/ontal 
coirfionent of thc angular rnonicntuni. which has mjgnitude ¿ cos/f . Tbuv* Ibe «iluation of figure 10,35 in (he 
tcxtbook ¡* rcproducciL bul wíth £ L . > uiucjk! of £ . Thcn. ihc cxprc*»on round in t:q. ( 10.33) becomes 

n _*. k ¿ MH . ' 



EvaLUaTE: The torouc and Ibe hoibonuil eonipuncni of L boih dependan ft by ihe same factor, cos/J. 
10.100. iDCVtlFY: Appty conMervalton of encrgy lo Ibc molion of ihe balL 

Skf Up: In rclaimg ^wi'*, and . insicadof v . - use Ine relalion den ved in part la) / - imR . 
F\mi rt: (a) Consider ine sketch in Figure 10.100. 

The dislance (rom ihc centerof thc ball lo Ihc mídpoint of thc linc jotninc thc poirtls uhere rne hall is incontael 

. Whcn d ■ 0» this reduces to i^, - a>R* ihe *amc a* roUing 
on a llal sur fice. Whcn ti ■ 2A 4 ihc rolting radius approaches /ero, and t\ lt — * 0 Ibr any <u. 



«i 2 



Setiing ih¡* ccnial lo mgtt and solving for v_.g¡Yes the dcsired rcsuli. 

(c) The denominator in thc %üu&rc root in the cxprcision for t t% largcr than for the case d ■ 0, so v is ¿irallcr- 
For a giren specd. ta is largcr than in Ihc d-0 case, toa larga fraction of Ihc kinetíc cnetgy »* routiona), and ihc 
Inuudalional kinetic cncrgy» and henee v t u gimllcr. 

(d) Setiing ibc cxprcssbn in part ibl equal lo 095 of thal of the d-0 c»c and solving Ibr ihc rain> d/ft gi 
d/R ■ L05 + Setiing ibe raio cuual toO.W pvn d¡R -0.17. 



EvaUiaTE: Ifweiec d -0 in thc expression i - - - 

ramp. When d -* IR . thc exprcsAíon cives v 




. 0 



L0 + 10L lotAiit^: Appty 'mtf.^and -/.-^ li> ibe nxiUonof the cylinder. Uscconsuni acceWation equalions 

to reíale to Ine desunce Ine objeel iravelv Use ibe uork-cnergy thecrern to fmd ibe work done by fricüon* 
Sn Vti Thc cybnder has / ^ - ¿W/T 1 . 

Ex*;ti fu (a) The Ircc-body diagrant « sketched m Figure 10.101. The rriebon forcé is 

*° * m *M< Thc magnttudc of thc angular accclcraúon is lj- - ■ fiy^ : - - 



(b)Setbng r-üi -^A-(ai,-at)A andsolvíng for rgives f « * ■ — — 

. _ l , 1 . / Jte V X 1 
ind --Uí 1 ' 



2 
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(c) The final kinctic cocrgy i* (3/4)A/v J -(3/4)M(tf/ (he chati ge ra kinclic cnergy b 



l-uu. ui: Thc 



fracitonof (he imdal kinctic cncrey inat u removed by Iriciion work 
«f thc milial ancular *pced al « 




Mí 

liipnre lfl.lfli 

10.102. iDE.vnFY: The vertical forre* muit aimioxoro. Apply Ecj.(IOJ3). 

Skf Up: Dcnolc thc upward forcc*lhai thc handi exert a* /]. and r - 1/ - I? . wberc r- 0200 ni 

/ai 

Kxi:c i tu: Thc condition* ihai /; and muit *ati*fy are nwid F A ~F A = £1 — . wbcrc ttx 

r 

cquation ■ r ■ Hí, divided by r. Tbcsc mo cquatioa* on be solved rbr ihe forcci by finí addxnv and then tubtraclins 
yielding F t = ijn +Í1— Jand ^-I^n-O— J. Uiang ihe valué* h - IB.00 kgX*.80 mf% : )*7$A N and 

_ <B00kgHO325miT5 0P rcv;>*2T racVrrv) ^^^ . 

f ( a 3M N * ÍK66.4 N - •), F„ a 39.2 N - ÍK664 N<i). 
ia)OaaF f aF, = 39.2N. 

OO icv/*-0JI4 rnd/*, F - 60.0 N, f # = l 8.4 N, 

<c> íl-OJ cev/i -189 raA'*,/^ -165 N. /^ - • N\ wnh ibe rninu* tign indicaling a downward Torce. 



(«*^0g¡vc*a. 



-0.575 nd/*, wbich i* 0.0916 rev/* 



66 4 N*i 

EVaUaIT: Thc brger Ihe pceccviion ratc O . (he grcalcr the torque on thc «bcel añil (he grcalcr thc diJTcrcncc 
belween thc forcé» exerted by the two hand* 
10.103. lotAiin: Thc answcr topan (al can be takcn from me ¿olulinn loProblcm 10.92. Thc work-coergy (heorem 
*ay* r-«. 

Sit t=P: Problcm 10.92 uwi con&cn 'aitón of angular momentum lo stbow ihal r\\ - * v . 
(b) fand^V are afoay* amiparallcl. t dt~~Tdr t 

mv J = M/i/r l ), M ^-irtví-^) t ^[(*¡/ii>' -l] , wfiicb i» tlit ame a* rbt w*rk found m pan <bt 

EVAUUTE: Thc work done by oomIivc. lince tu km-ard Ihe bole ¡n ihe «urláce and the block tu ove* 
holc. Positiva work mean* Ihe k incite cnctuv ofíhe objcci increa^es. 




EOl 1LIBR1L M AND El-ASTICITi 



M.l. iDfcvnrv: Use l'q.l I 1.3} to calcúlale Thc ccnicr of gravity of ihc bit i* at its ccnicr and ¡I can be ircaicd a* 
a point mass Al that point. 

Skf Up: Use coordínale* wtth ihc origin al thc leficndof thc bar and Ihc axis along thc bar. -2.40 kg. 
m^l.lQkg. «^2.20kg. 

EXECirTE: r _W^*^_a40k^^ 

2.40 kg + LlOkg* 2-20 kg 
sboukl be placed 29*K ero lo ihe righl of ihe lefl hmdend 

EVaLUaTE: The mass al thcrignibandcnd i* createrthan thc mas* at thc kft-hand cnd. So me center of gravity 
i* lo ibe righl of thc cerner oribe bar* 
11.2. Idevtifv: Use Eq.|l1.3>to calcúlale v +J .of ihccompcisile object. 

Si.f Up: Use coordínales wbcre thc origin i» al ihc original cerner of gravily of thc objeci and ti i* io ibc ríghl. 
With the 1.50 gnus* adikd. * -230 an , nt, -5 00gand « ; -l.50g. r ( -0. 

EXEOTTE: ^--SÉL-. a, -f J*™*Íl^\-2J0 can) «-«3 can . 

«1+4* l m, J l l.50g J 



The addnwnaJ mass should be aitached 9.53 cm to thc lefl of thc original rcnter of gravity, 
EVALUATE: Thc ocw center of gravity is somcwhcrc hítwcn Ibc added mass and Ibc original cerner of gravity 
113- IDEVTWY: Tnc center ofgravityofthecon*¡nedobjectrnu!íl be al (he rolcrum U*eEq^ll.3HocaJcub«e t v .. 
Su Up; Tbe ccnicr of gravity of Ihc sand t* al the rnidifie of the box* Use coordínales whh ihc ongm at ihc 
lulcrum and +j lo theright. Lct « ( - 25.0 kg * no t, -0.500 m . Let m ; -m^.» x¡ = -0.625 m. 

- *+- * ^ ^ ^\ -0.625 mi 



EVALUATE: Thc mass of sand required i« lera Ihan the mas* of ibc plank since Ihc center of the box i* fanber 
Irotn ibc lulcrum Ihan the center of graviiy of ihc plank iv 
1 1 .4. lonvnFY; Apply the lint and sccond conditions Ibr cüuilibrium lo thc trapdoor. 

SETUP: Fot £r -0 lakc Ihc axil at Ihc hinge. Then the torque due to the applicd mrec muA balance the 
torque due to the wcighi of the door. 

Km:c i ti: (a) Thc Ibrcc is applicd at Ibc center of gravily,. so ibe applicd forcé musí nave thc same mag mtodc j 
thc wcíght of the door, or 300 N. In th*s case ibc (unge exens no forcé. 

(b) With respcel lo ibc lunges. the momcni arm ofibe applicd forcé is twwc Ibc distance lo rite center of mass. so 
thc Ibrcc has half ibc magmiudc of thc woght, or 150 X . The hinwe* sijiply an up^ard forcé of 
3OON-I50N-I50N, 

EVaLUaTE: Leas Ibrcc must be applicd v* hen il ih applicd farther from the hingcs. 
1 1 >. iDcvnrV: Apply Tr -0 tome laddcr 

Su Up: Takc ihc axis tobe al point A. Thc Irec-bodv diagram for ibc laddcr is givcti in Figure 1 1-5. The torque 
due to F musí balance ibc lorque due to thc wcight of the laddcr. 
i; vichi : Fi&Q m)*m40* - I28Ü0 NMIO.O mi so F -5-45 k\ . 



MI 



11-2 Chuptrr lt 



EvaUjaTE: The forcé required ti greater (han (he wc¡gh(of (he bddcr. bccau*c ihc moment arm forjáis 
ihc moment arm for m 




figure 1 1.5 

1 1.6. lot-viiH: Appty (he ñra and iccond conditioni of equílibríum tome biwd> 

Sl.F 1-p: Tbc frec hody diagram Ibr (he board a given m Picure 1 1 A Smcc tltc huurd U uniform center of 
gravtly i* ! 50 m Irom cach end. Apply - 0, wi(h +jp upward. Apply Vr ■ 0 i*ilb ibe axn at (be end 
tvhcrc thc fir*i pcr*on applies a forec and with countercloekwUc lorquc^ poniive 
Ewcitc ¿F -0 give* F t +F x -w~% and F i - w-F t * 160 N -60 N - 100 N . £r ¿«0 gira 

FjX-hí\.5Q m)-0 and x*^.j(l.5Q m,-Jjí^Íj(Í.S0 ra)* 2.40 m . Tbc cKhcr pom Lite wíA a tora of 
10ON at apotnl 2 40 m Irom ibe end where thcolber per™ liítv 

EvaUiaTE: By con*idcr¡ng thc axi* at thc center of gravily wc cantee that a largcr (orce k appLied by (be 
penon who pwhc% cloicr to (he cerner of craviry. 




ri^urc 11.6 

11.7. iDCVtirV: Appry £f -Oand ^r, *0 totheboani 

Stí l>: Lct +jp bcupward. LcU be thc difttance of (bcccntcr ofgravrlyof thc motor fom the end of thc board 

where thc 400 N Ibrcc i* applied. 

EXECimi (uHfihcrwrdñttkcntorwmaHlcMM^ 



1000 N. Thc motor \% a dütance <2 N> - 1 20 m from (he end wfaere Ibc 400 N forcé n appt ¡ed, and «o 

» ftSOO m fmm (be end i*bcrc Ibe 600 X fcrec i* apptiel 

ib) The wcightof (he motor»* 400 N * 600 N - 200 N - ROO N. Appcying =0w¡mmcaxiia«thccndofrac 
board wberc (he 400 N acti give* (600 NM2*00 m>~<200 NHL00 mk* iHOO V and x -l 25 m. Thc cerner of 
gravily of (he motor ¡* 0.75 m Irom ihe end of thc board where (he60O N (bree i% applied 
Evajxafi; Thc motor u cloacal lo Ibe end of (he board where (he larcer forcé i* applied. 
I lot-MiH: Apply (he lint and *ccondcondit¡on*of cquitibrium tothe ihclf* 

Sir Up: Thc frec-body diagram Ibr (be *helf isgivcn ¡n Figure 1 1K Takc thcaxU al (he left-hand end of thc 
thelf and lct counlcTclockwi*c lorqu: be pot¡(i>c. The cerner of gravUy of Ibe uniform *helf »* al i\* center 
EXECirTE: (k> - 0 givr* -w;(OJO0 m>- h (0J00 m>* T(0,400 m)-0. 

7 ^ (25 t 0NW2fl0r n >*<500\H0J00pi> 
0.400 m 

-OgtvM 7¡ + 1¡ - h; - w *0aod T ¿25.0N Thc tensión m thc ktt-hand wirc u 250 N and ibe lengón m 

wirc h 500\ t 
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Eyaixafe: Wc 

ihdf. 



fy ihat y ■ 0 i^Mnt forany axis* for cxumplc for an ax« at Ihc right-hand cnd o Tibe 



o: 



no 



ü i 25.0 N 



r«ure 1!J 

[DECT1FY: Appty thc conctilion* Ibr cujuilibriurn to lite tur. Sel cach icroion cqual lo ith máximum valué. 
Sr.r L'p: Lct cable ^ be al ihe Icflband cnd. Take Ib: axis lo be al thc lefl-hand cnd of thc bar and v be thc 
düiancc otf thc tvcighi ir f rom ihU cnd* Thc frcc*body diagram fot thc bar t% givcn ¡n Figure 11.9. 
ExxtuTE: (■> ^F f -Ogivex T A + T t -w-yq„ -Oand 

T 4 +T, - =500.0 N + 40O.ON -350-0 N -550 N\ 

Wjr, ^Ogive* ^O^DmJ-HX-H^OJSOm^O. 

_r,<1.50m)-nU0^ ^^^^^ 

* 550 N * P 

0 614 m Irom ibc lefthand cnd of ihc bar 

EvaUiaTE: Ifthcweight ii moved to Ihc le ft* r^exceetb 50O.ON and ifit ta moved tothe riujw J^cxceedi 
400.0 V 




Fijare 11.9 

10. IdevTify: Appty thc lint And iccond conditioni Ibr cquilibriiun lo (he laddcr* 

StF Up: Lct « be ihe upward normal Ibrce excried bv thc ground and leí n, be (he horizontal normal torce 
exerlcd by thc wall* Thc máximum poniblc Mane friction Ibrce Ibat can be exerted by ihe ground i* fijtj . 
i;\i;c tu; (u) Sincc thc wall ta frktionlcx*. Ibeonly vertical forcrcarcme wcigbuof thc man and ihe laddcr 
and thc normal torce jk , For thc vertical fon: es lo balance, n. m h; + - 160 N 1 740 X - °O0 N. and inc 

máximum fnctional forcé i* w.^ = <0.40h 900N I - 360N . 

<b)No*c ihai thc laddcr nxxkci contad with thc valí al a hcighiof 4.0 m abo ve ibe ground* ttalancing toruoci 
ahtiui thepoiniofcontactwiihlheground. 14*0 m)n . 1 5 mil 160 N>*<L0 m* 3/5H740 NU 6X4 N ra. » 

r: = 171.0 N . ThUbocvontal Torce aboul rauit bebalanced bv ihc fnction forcé, whieh mu* Ihcn be I70N to two 



(r) Sctiing ihc fríciion forcé, and henee n, , cqual to Ihe máximum of 360 N and *otvinp for ihcduiancc y along ihe 
ladder. {4.0 mH3ó0 N> = (1.50 m* IfJi \ \ i n V M*740 *o x-2Jm. 



11-4 Chaptrr H 



K\ am Alt: Tbc mximl fcncc cxcrtcd by (he ground docai't chunge a* (he man climta up (he laddcr* Bul the 
normal forcé cxcticd hy ihc vvjJl and the íricUon liwc excried by ibc uround boib uicreatc a* he move* up the laddcr 
I Ll 1. lOEvnrV: Tne lytfemof the pereon and diving board » at rcil «o (he iwo condiiktm of cquitibrium apply* 

(a) SET Vw: The frec-bndy di&irram for the diving board ¡* givcn ¡n Figure 11,11, Take the origín oí coordínate* 
úX the fcft-hand end of Ibc board (poini Al 



i j i 

r 2 



F « i he forcé appJied n 
ibc mppori point and /*. ú 

ibc íoree at Ibc end Ibal U 
!u?Ld dona. 



riUireM.II 

EXICims £r,-0 gjvc* +f¡(t.O ro>-(500 NX3M ro>-<2S0 N»1.50 ni) -0 

F a (SOQN)(3 0QmUt280XKL50m) = ^ N 
1.00 m 

í;-F;-2*ON-500N-0 

-280 N -500 N- 1920 N-2S0N -500 N-l 140 N 
EVALUATE: Wc cxi check our an*wcr* by calculan (be nel torque aboui %ome poim and checking ihot : - 
forlhal point alwí Nel torque about the right-hand of Ibc board: 

(ll40NK300ni)^(280NKl*50m>-(1920NH2Wm>- 3420N m^420N m-3K40N m-0. whkh 

I 1.12. lot^iiM: Apply the lint And * ccond condition* of cquilibríum to thcbcanv 

Su V?z Tbc boy exert» a downw&rd forcé im ibc beam ihai i* cqual lo hi* ucighi 

K\*:(t iK; (a) The grapbi are given in Figure N 12 

<b) x ■ 6,25 m when F 4 - 0, *thich i* 1 .25 m beyond point B. 

<c>Take torque* aboul the righl end. When ihc beam u jusi balanccd. F, ■ (K*oF t -°TO N. The dbtancc mal 

Í300NX4 5O id} 



point o muit be irom ihe nghi end ih iben ¡ ' flijfl Mi ~l»50 rn. 
EyaJ-I AFt: When the beam U on ihe verse of tipping it ¿tari* to lili olTlhc mppoii A and the normal forcé 




iim 
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II. IX lot-vim: Appty (he fim and *cci>nd conditium of cquilibríum (ixheslrol. 

<a)SETUr: The frcc-body diagram fot (he slrui ¡igivcn in Figure I Lita. Takc Inc origin of coordínale* ai (he 
tange (fHHnl Aj and *j upward. Leí F % And F h be inc hori/onial And vertical conqmcni* ofibc lorec f cwrtcd 

on thc tfmi by (he pivot. The ten*xm in Ihe vertical cable h ihe weight m of (he *u*pcndcd objccl. The wcight hp oí 
(he «mil con be lakcn lo acl a( the cerner oribe ilwt Leí L be thc kngth of thc *imt. 




EXEttiTfc: 



F =2ir 



dc**^ 
litturelLIJ* 

Sum torque* abouf point A. Thc pnoi forcé ha* /eto motoent arm for ihih jxí* and iodoc*n*(enicr inio thc lorque 



r 4 *l 

r¿*¡o3a0*- *(<£>> 2>co*30-0*)- u4£c<*3aO*>= 0 
r*in30O*-<Jh.2)c«30.ir-0 

2 sin 30 JT 

Then J]'- ™ **** '^P"*** - 0 and F ít -2.60w. 

VVc now have (he coinfioneni-* oí F w can tlnd m nugniludc and dircelion (Figure 1 1.13b) 

F*tJil6Qw) ¡ *í2Mvr) s 

F-X2&V 

m F y 10ÚV 
tan//--: 




F t -L60h 



0 = 37.6 



lli*urv lL13b 



Ib) 5E1 L 1 ?: Tl*c lrec*hi*lv duigram for ihc vtrui U given in Ucurc I I I 3c. 

Ó 




£™*lí 

Figure ll.lte 

Thc icnMon Thai bcen «placed by ¡Si and v componen^. The (orouc duc lo r cocíais Ibc mmof thc torquciof ** 

í.' ea\;er to ¿ j!lu1¿iíi.v 



n * 



11 



I ut 



.1 1 I : Km ■(>.•>■ i ■ »w aoUí o í - u 

The lengih L diVHfcb out orthccquation Thccquation can alm be iimphllcd by noting that *ín 45 + 0^ -co*45.0 : . 
Thcn i ' riMMnOíWi 



3w 



- 4A0\s 



Z?, — 

F,-J"c«3a0*-0 

F, -rco*30JT-<4 IOuXco*30 + r^)=3.S5* 

F t -ir- ir- Tan 30.0^-0 

F =2H*í(4J0ii)í¡o30.ff > -4 + 05w 




lrom Figure MJ3iL 

F b " 3.55* 
4SJF 



EvaUíaTE: In cjch ca« the forcé exerted by the piral úocs nol act along ibe urul Ciraricr Ihc oet torque aboui 
ihe uppcr endof the tlrui. II 1 (he ptvot forcé acied aiong thc *irut. il would haw «c ero torque aboui ibis point. The 
tiro forcé* aeltrtg at thU poitu al*o have /chi torque and iherc would te nonrero fnrquc. due lo (he wcighl «f 
the alrui. The ncl (arque ¿houi thn poml would ihcn rxri he zenx víolaling ihc ¿ccond condition t>f equilihrium. 
Id*.\ iifv: AppJy the lint and iccond condition* of cquilibhum tu the beam 

Skf Up: Tbc Ircebody dijgrim íor lhc fcvam » givcn m I'iuur<: II. 14. //. and /t\ are the vertical and 

hiYi/ontal componente of lhc forve exerted on the beam al the walJ (by (be funge). Sincc tb- heam i* unllbmv it* 
ecnicrof gravíry ü 2.00 m frum cach cnd. The anglc 0 ha» coif?-O t &00 and **i 0 - 0.600 . Thc letu>oo fhajt 
bcen replaced by ¡te x and y componen!** 

EwXiff; (ti) // JS. and T ~ Tco*0 al l produce /ero torque. Tr-0 gtves 



-i»<2.O0m)-H> w l4,OOm|>r S uic)|4 + 0Oni( i D and T- 



[150 N m: 00 m) ■+ (300 NH4.0O m) 



- 625 N 



RODmKO.600) 

ME''** 0 P w H^Tco*0=Q má 7/ u M625NKO.KOOK500N. £í i0 S iv » 
/^-w-H^tJwnfí-O and //. * w+ -7«n0- 150 N *300N -(625 NX<K6W»-75 N . 
Eyai.I'aFF-: For an a\i* al the riuht-hand end of ibe beam. onty u and // v produce lorque. Thc torque due lo w is 
tounicrclockwiic ao the torque due to //. mu.ni be clockwisc. To produce a coumcrckickw¡&c lorque^ ti r muit he 
upward. ínagreenxni with our repulí from ^/"* =0. 



r- 




Uta 



I l;-Ul¡ M U 
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Il.l5< Idea'üfY: Apply thc ñrsi and iccond condition* of cquilibríutn uiihc door 

Skf UP: The frcc*body diugram Ibr Ihc door i* unen in Figure 1 1*15, Lct JV and //. be thc fortes 
thc uppcr and lowcr hinge* Takc thc origin of cooráinati^ at ihc battoaibinfic (noini A) and tv ufiwanl. 



Wc are given thai 

******** 



by 




The huráontal componente of ihc 
htngc I brees are cqual ¡n 
md «nnositc in dircction 



lilEUlT 11.15 

Sum (orques about point A + and j7 ;tk all have zcro 

ihb p«m + TTiu* J/, -0 give* // u llJJ0m)-w<0 + 50m) = Ü 

ff A * w\ 5^)-4<2SO Nj - 140 N. 



Muí, 

The hcraontal cotnpuncnt of caen hrngc forcé b 140 N* 

aia afe: The horizontal componente of ihc forcé exerted by cach hince are thc only hcruxmtal Ibrcct *o mu*i 
be cavial in magnitudc and oppcttitc in direcuon. Wiih an a¿b al A ♦ thc torque due lo thc horizontal forte cxcrlcd In 
thc uppcr hinge mu*t be counicrvlocta iie tooppo«c ihcclockwitc torque exerted by (he wcighl of thc doc-r. So. 
thc hon¿ontal tbrvc exerted by thc uppcr hinge mu*t be lo thc Iclí Vdu can al -o vetify thai ihc nct (orque ¡* al&o 
zcro tf thc axb b at ihc uppcr hinge* 
1 1.16. Io*a iu Apply thc condiiiom of cújuilibriutn to thc whcclbarrtw plu* iU cimiente. Thc upwanl lotee applied 
by Ihc pcrwn i* 650 N. 

Su l>: Tbc frcebody diagram Tor inc wbcclbanow u gi.^cn in Figure 11.16. F -650 N. h MJ.O Sand h ii 
thc wcight of thc Itxid placed m thc whcclbanow, 

Cu;( i ff; (u) Yr. - 0 tvilh ihc axii al thcccntcr of gravily uive* iríO 50 mi - /'{0.90 m)-0and 



V 0.50 m } 



.ii>.. 



h-- F+n-w+ -650 N + 1170 N-KL0N- 1740 

Ib) Thc cxiia Ibrcc i* applied by thc giound puslimg up tm ihc wbccL 

EvaLUaFE: Voucan veri (y that Vr. -0 for any axii* Ibrcxarnplc fecan axn where thc whcel contad» Ihc 
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11.17. IdevtifY: Apply (he lint and iccond condition* oí* ccfuitibriitfn toCIca. 

Si.r Lip: Contidcr tbc forcé* onClea. The rrcc-body diagram b gi ven in Figure 11.17 

ExtCLTK: 

^■•ÍK ^=I57N 
ir ( + ■ * M h* — 246 N 
npK 1 1.17 

-0 t axb airear fcel 
Leí i be the di&tancc Irom inc rcar feei ta the cerner of uravily. 

x ■ 0.606 m fram rcar fed w 0.34 m from frool lcet. 

EvaIjiaTE: The normal forcé al bcr froot feel ¡* ercaicT ihajt al her tear fcel, «o her cerner of uravily U clo*cr lo 
hcrfroni ícet. 

I 1.18. lOEVTJIY: Appty the condilioni Ibr cquilibriurn to the cranc. 

Sirl'Pí Tbc frcc*body diagram Ibr ibe crane w tketched in Figure 1 1.18. f are the componente oflhc 

Torce exerted fcy the ule. T pulb lo the kft *o S\ i* lo the righi. T al%o puJU downward and the two weighfe are 
downward* «o / T impwatd. 

EwXite; (a) ^r -Ogiw* 7"<|13 m(sin25 0 - u;([7.0 mlci»55 J )-w^<|16.0m|co*55*=0. 

IIJ.0mbin2S ÍJ 
X f * ~°P ve * 1 -rco*30 l -0and H - 2.54- 10* N . 
-Ogrve* f;*r«nW*-Hí.-n^-0aod -4.06-10* N - 

EVADATE: n;-.ri i- 1 W< r [ " N t i : >j ^-5K°.The lotee exerted bv (he axlc n noi directed alone the emite, 
f 2.54*10* N 




•V- IIjiqom 



11.19. Id*.viifY: Appty the fint and iccond conditiom of eujuilibrium to the rod 
Skf Up: The forve diauram for (be rod i* given in Figure 11.19. 



1.54 « 








>*0N 





■ ■ 



riznrr 1 L19 
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EXEtUTE: y r — 0 K Axb al righl cnd «f rod. countcrcloctaiie tarque r* potitiTC 
(240 N'H 1 50 m> 4 (90 N ttO .50 m) - & t %m 30 . ■ > V00 m> "0 

' L50m 
E*. -- 

rjCCBfí-rtmW-0 «id f ; coiíí-2WN 

Z^-— • 

7J»n3rr* r«nf?-240N-90N»0 
7", »n 0 - 330 N - (270 N)*io 30*- 195 N 

fiin/? 195 X 

Thcn — gives ün0-OS333 and 0-40* 

7" ; cc«0 234 N 

iuc v 

And r, - T -303 N. 
1 sin 40» 

EyaI-I aff.: The monkcy ¡x cloier t*> the nght tope than lo ihc lefl onc, io (he Icnikm ¡s larger ¡n ihe righl ropc. 
The hcciwntal ccHrfioncnt^ ¡ndircction. Sínce T 2 >T l7 Ihe 

ropc on (he righl nurti he at a greater Jingle abóte the horizontal m have (he %amc horironial component a* ihc 
tendían in the oihcr ropc, 
11.20. IdevtifY: Apptythc lint and iccond conditiom Ibr couilifaiuni lo the beam, 
Sur Up: The iree-body diugram Ibr ihe beam u given in Figure 1 l 20 

Excítf E¿ The cable i* givcn ai perpendicular to the beam, u> ihe lemion i* Ibund by taking lorqucx about ibc 
piMprioi: m(M)m>- ti Kl kNK2M rnleo^S.O 1 *(5.t»kN« 50m)co*25.0*,aMl r ■ 7,40 kN . The vertical 

componen! of the forcé exerted un Ihe beamby the pivot i* Ibc net wcmht ntinu* ihe upwanl component of T. 
6.00 kN-rco*25.0* -0.17 kN, The hcraOTtal forcé fe r*¡n25.0 B -3T3kN + 

EvaUjaTE: The vertical componen* of ibc icraion i* ncarly Ihe «me magnitud? a% the toul wcighl of ihe object 
and the venkaJ componen! of the forcé eierlcd hy the pivot n rnuch leu than iti horizontal componente 

A 

i 




jnkN 



l íente JIJO 



11.21. (») Idkmih andSKr V?: U%e Ecjl 10,3] toeakubte ihe torque imacratudc and dircclioo) forcach torce and add 
the torque* ai \ecior*. Scc Figure 1 1,21o. 



í.:m 



ExetUYc: 

.- ; ; N)(3.00ml 
r | «+240\ m 

r, - -FJj = -<8.00 N)(/ * 3.00 m) 
r J a-24.0Nm-<S + OOS>í 



lUli 

¿V, * r ( + r, » *24.0 N m - 24.0 N - ni - (ROO Ntf - -(K.00 NI/ 
Want / ihat make% - -^.40 N- m Inet lorque musí be clockwiíte) 
-tKOON^^WN m 
/ ■ (6.40 N ra V R OO N ■ 0 800 oí 
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[h) |r | > |r | siacc F¡ h¿% a targcr momcnt arm; thc nci torque n ck>ckwí*o< 
[c)SecFigurcll.2lb> 

r. - O aince A ta atibe 



FlfarclLZ.b 

£r --O.40X m gira -iMOQ N|f ^-o.40 N m 
f -OSO0 ra *ame in rwt (a). 

i \ \i i \n : Thc forcé couplc gives thc ume magnitudcof lorque fot ihe pivot al any point. 

11.22. iDtvnrv: 

Stí Vfz A - S0.0cro ; m SO.Ox I0 J m* . 

(«cure ^-r- C°^>~X^n> J3WpB 

(50.0*10* nVKJ-tixIO rn> 

(50.0x10 * nT)(3.0*10 m) 
Evai-Iaff.: Thc muse le tistuc t% mueh more dilftculi lo sirctch when ii ih under máximum icmioiv 

11.23. Ide-vtify and S£T Ur: Apply Fq.fll.IO> and *oke lbr.4 and ihcnuse A-xr s lo get thc radiu* and d - 2r to 
cakrubtc thc chamclcr. 

Kut t ii : )' - A£L so H ■ ¡2—¿- (A ta thc crou-*cct¡on atea of tbcwirc) 
¿Af ) SI 

For Mecí, r -2.0*10" Pa (Tablc III) 

(2.0xiry Pa)|0>25> m) 

Jaw',» r -V-*'* =Vl.6* 10* m'^aTJxIO^ m 

- 2r - L4x LO * m — 1.4 mm 
EVALUATE: Slc<l^reorthjidiarncleTdmnH«trctchmuch; Ai ^ -0,12% 

11.24. IDEVIWY: Apply IDILIO). 

SETUF: FromTable 1 1.1. for ral i*«2.0xltf' Pa and feceoppcr, 1.1x10** Pa . 
Jst(^ i /4)bK77k|0' 4 m\ f - 4000 N for cach rod. 

WXKCUWEs (a|Theilrain i* Forrtwl — (40O0N| — IJxlO SinMIarfv. thc 

t W (2.0-10"* PaHl .77 "10"* m J ) 

*rnun Ibr eopper n 2. 1 x lu 

(b^Stccl: i idJSOml-- . m , Coppcr: (2.lxl0"*H0.750m)-1.6x|0^ m, 

Eyai.i afe: Coppcr has a smaller 1' and iherelbrc a greater clongation. 

u.25. iDExnn: 

ser up: ¿ ■ aso cm J - 0.S0* 10* id* 

EXKUTK r- I4J01.X50D0H) .,,.„»,. 

(0.50x10 * rn J )(020x]0 4 m) 
EvaUiaTE: üur rc»ult ta Ihc *inic a% Ihal giren íbritcelin Tablc 11.1. 

11.26. IMCT1FY: r-— 
tí/ 

StFÜP: i r(3 5x|0 "* mi 1 = 3.85*10 m The forec applttd lo thc cihI of Ihc ropc « thc ^eighl of ihc 

clirnber: F ■ (65 0 Icg>l9 + S0 wthf i - 637 N . 

(3.85x10 ^ m'KI'lOm) 

EVALUATE: Oír rr&ult Ls a k« irnaUer iban the yaIuc* given in Table II J. An objeet rnade of rtpe matcrul b 
much ca^icr lo &ircich ihan if ihc obieet »ere rnadeof rnclal. 
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1 1.2?. iDEVflFY: U*c thc fim rondüionof cquilibriuiti ti> calcúlate ihe temkui* T t and 7 m thc vnn% (Figure I 1,27a) 
Thcn us- Eo.i 1 1,10) lo calcúlale ihe ttnin and chxtgalíon uf caeh íaire. 




Sur l."p: Thc frcc*bixiy diagram Ibr ai¡ u priven m Figure I L 21b. 

y 

bocims 
r,-9tl.0N 



m 2* 

Skf Up: Tbc frec budy-diagnmi for ^ ñ gíwn «i Figure 1 1.27c 




r-9»ON + 58.SN-l57\ 



157 N 

«~<2,5xlO 1 nVHlO-IO 1 Pa> 



3.1*10 1 



lowcr i*irc: strarn - — - N -2,0x10 * 

<b) rfraia-AJ 7. *o -^{itraini 

upper mc: A/- (0.50 mMJ 1*10 *) - 16* 10'* m ■ 1.6 mm 
Iiíuwww: A/-l0 50mM2 + 0*l0 1 j-L0xl0 1 m-U>mm 

EvaUiaTE: The tennon >s greater ¡n ibc uppcr wírc becaute * musí *upport boüi objccti- Tbc wire* have ibc 
%antc IcDcih and diamctcr* m> thc onc with thc greater icrtiicw ha* ihc grcaicr siroiri ttttá ctatt catión. 

11.28. iDevnrv: Appty frp.l MM 1 11 and < II 10). 

Ser Lip: Tbc cr™ *cctiiwiil arcaof ibepcut n i - xr* - -fO.125 rn} 1 «0*0491 ro\ TI* fotve appl*cd to thc 
ofthcpotíb F -(SOOOlcgM^KOmii^-^xlO 4 X . Thc Young'% modulu* oí ucel ¡% Y- 2.0x10" P_ ♦ 

ExEtufE: (u> rtrcis-— - 7S4 1^ -1.60x10* Pa 
J 0.0491 m' 

<h) --^.i:-. "''' ' 1 ' ' J — — H ; ■ 10 *. Thc minuN mijo indícate* that ibc Icouih decreaxe*. 
Y 2.0x10" Pa 

(O Ai - ¿>*ttM>- (2.30 oiX-S.Ox 10 *) = -2.0*10 * m 

EVALIMTE: Thc fracitorul chanjzc in kngthof thc po*l i* very xma.ll 

11.29. lOEVnrV: F m - pA , «i /^"<4p)já- 

SkfUp: laim-lXll3x|0' Pa . 

tvici tí: |2 K jjm-l 0 jim«l OI^-IO 1 Pa l L acm)(50.0io'>-9.|x|nr N. 
EVALUATE: Thto a a very large oet forcé 
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11.30. InfAiin: Appty Cq.<lL13). 

Si:f Up: A I' = . Ápt% posiiivcwbcn thcprcssurci 

Exr.tirTE: (a) The volume nould mercase dighily. 
(b) The v ultime change would be twice a* gicat* 

<c) The volunte change n mvcr*cly proporiKinaJ lo ihe bulk mochilu* íbr a given 
changeof the kad ittgoi wuuld be Ibur times thaí of ihe gold. 

EVALUATE: For lead* # - 4 1 > 10 1 Pa . «> :V? tí b ven* small and the fraclional change in volume i* very 



11.31. Ideviifv: p-FtA 

Bertte lcW = l*i0^m J 

ib) (3.33x10* PaM2H200*l0 4 m J ) = U3 kN. 

Eyai-1 ! aFe: The prcruure in pütt (a) i* over 30 limes ttrgcr ihan normal atmosnheric prcmire. 
IU2. iDBfnm Appry lv|<ll .13,. IX-imiy ™ ( 

Ser l>: At ihe sur race ihe preisurc i* 1.0* 10* Pa. so V 1 -I 16*10* Pa . r, - 1.00 mV At ihe surface 

l.Mm'ofwalcrhasmass 1 .03*10* kg. 

AK 4 2.2*10* Pa 

<b)Al nmdcpth 1.03*10' tu of*catva»cr has votume I", - Al" - O.***?.* m Tbc density ¡s 

0.9473 m' * 
EVaLuaTE: The deruiiy is incrcased because ihe volume « comprcfscd duc lo the incrcated prcsxurc. 

11.33. lOLMin MtdStii Ur: L"*c EqMl U3>and (11.14) localculaic B and *. 

Ap (3.6xltf PaHMOeni*) . « 

EXí.CL'FF-; 8 — = -- 2 - *4.H* 10 Pa 

AK/p; (-0.45 ero 1 ) 

fcalSJs|/4JUI0*FB -2.1*10 141 Pa 1 

EValiafe: A u the same a* for uiycchnc (Table 1 1.2). 

11.34. iDEvnn: Apply Eq^lLlT). 

SefUP: F .-9.0x10* A = (0.100 mXO.500* 10 a m> . h = 0.100 ni . From Table II.L £ = 7.Sxlff* Pa í or 



EJBCims (a) Shear sirain =-ÍL= (9* 10* N) K M * [q -. 

« [(O.IOOmK0.500*IO-ni}||7SyI0 11 Pa] 

<tyU*ingEc|.flU6) t < = (Shear Mofe) A = (0.024)10.100 ml = 2.4x10 "'m . 

EVALUATE: ThLs ven* large forcé produces a small drtplaccmenl; z > A ■ 2.4% * 

11.35. lofcvriFV: Tlic forceson ihe cube nwst balance. The de formal ton y is relaied to the forcé by S=——. 

A x 

F -F xioce F is appJicd pata) leí lo ihe uppcr face. 

Slí UP: h = <0 0600 m) J and A = 0.0600 m . Table 1 1.1 gjvcs 5 = 4.4x10" Pa for copper and 0.6* 10* Pa for 
lead 

lAnui: (a) Since the horizontal Ibrcei balance^ ihe uluc cxerti a torce Fin Ihe oppo&rte direction. 

F _ A*S _ (0.060Q m^O.250.10 ' «X^xltf* f) _ f ^ N 

A 00600 m 

Fk (6.6x10* NX0.0600 m> „ 
ic) .y = — -I » mm 

AS (0.0600 m>-(0.6xlür Pa) 
EVaUTaTE: Lead has a smaller S ihan copper, so ihe lead cube has a grealer deformaiHtn irían the copper cube. 

11.36. lofcYTlM andSEl Vr: L'sc Eq.(ll.l?). Same maierul m^l»ct same. S 

a *ík%* ans% FJA m _ » „ 

I.XIXL'FE: S = r so strain - and same torces imptiessame r . 



I _j it hiiur.i : ,J . ]■ .kii;. LL L.¡ 



Far ihe ¿mallcr objcct* {itrain} L - f¡ i'^S 
For ihc brgcr cbject* (s(rain)j ■ f¡ > ^5 



(itraín), 



Larccr solid ha* triple cich edge Icncih. id ^ ■ 9,f„ and 

1 ; \ vu .\ji: The bigc( ijbjcct ha* a unallcr dclbrmition. 
1 1.37. lotAim a»td Ski Vr: i:*c Ed.< I LR). 

EXECUTE: Temile «tres* = — ir" - i ■ - ■" Pa 

*r ¿(0.92 x 10'* mí* 

Jm \h ui : A mode*l foro? produce** vety large *trc** hccau*c Ib: cro**»«cciioturi arca ü *malL 
II.3& loevnFV: 11^propaníonaUiinH«dbrcAkingittv«drc valúes of lhc*trei*, . Uw Cq.M 1 IOho 

SBtfrS For*icel, Y - 20* 10*' Pa . 

<b> ¿r-^j^a(].6xlO 'H4.0m) = 6¿nni 

EVAUMTE: Ai the propon»oful limit* thc fraciional change in ib: Icngih ofthe wire i*(U6%. 
11.39. IdevíwY: Thc cla*l»: lima i* a vahic of ihc itre**, F .1 . Apply lo ibcclevaior in onícr lo find ihc 

i thc cable. 

Un — - - 2 1Q> 10" Pa) -0,80* 10' Pa.The frcc»body dugmm for ibc cfcvator i* glven m Figure 1 1 39 
Á 

I i* ihe leniton in Ibc caMe, 

Y\\\ l li: J 4(0,80) 11/ Pa) -(300*10' m J )(08OxlÜ/ Pa) : (0 - ! . N . V' -ttif. apphcdtOthe 

Hcvatorgive* F -mp-flw and — >' " ' 1 " N *> m) r.i n : - 10.2 m y- 



fcVAl.l Alfc: Hit: 



1200 kg 

in Ibc cable ¡* about iwicc thc wcighi oflhc c 



, i 



me 

FI|Dra II J9 

JO. Iwmim: Thc hreaking *trci* of (he witc i* thc valué of F A al whkh thc w¡« breakv 

Skf L'Pí FromTable 1 1.3, thc breaking sirc*» of bros< « 4*7x10* Pa. Thc arca A of thewire i* 
by J»tJV4. 



.150 \ 



» 743*10'' m J . tad ^JiA/x -0,97 mi» 



Euxi'f E: A - 

4.7x10* Pa 

EVALUATE: Thc máximum (orce a wire can wiih*iand withoul brukinv t* pi npi*ticaial (o ihe 



rdütcd tom 



nf ib 



II 14 C/Jwpirr II 



11.41. lD£vrm: Apply the condilioni nf cqmhtvmm to thcclimbcr. For the mmimim crclTicicni of friction theslalic 
IVkriHm forcé ha* Ihc valúe /, ■ // % n . 

1"p: The free bixly diagmm Ibr Ihc climber r given in Figure 11,41. f t and n jjc ihc vertical and horizontal 

titi of Ihc forcé exertedby ihc chnTaccon (he climber. Tbc moment arm Ibr the íbice Tt% {1.4 m ico* 10' 

EXEttTTE: (a) ¡Tr -Ogive* 7"(1.4 mjcoslO 0 - utl I mteo05 tr -0 

T =ÍLi^l>f^£ í 810 kgH* 80 mv)^525N 
<L4m>tt»IIT 

a-rHn25,G & -222N . -Ogiw* y>7cí»25*-i*-0and 

y>(B2J> kgH9S0 ro* 3 )-(S2S N,co*25* = 32* N . 

^ n 222N 



1 v u i a vi : To achieve thü bn-c valúe of //. 




VíntlUI 

11.42. iDtvnrs; Apply £r -0 lothcbridgc. 

Sn UP: Lct Ihc axi* of rouiioo be at ihc left end oí tbc bridge and Id countcrclockwac lorques be pomive. 
Exkcitr If lotice loi ivcrc al thccndof ihclmdgc* ihcicmion in ihe cable would be (bm laking lorques about 
(hehingeoflbebr*dge>fíbtamed Irom r»2.0N)-(600kgH9\BO rn/s ? )(12.0 m)>(200 kgX9.H0 m;Vn60m), 
so T ■ 6K60 N . Thi* cxcccd* ihe nuvimum tensión thal the cable can nave, so Lanceta i* going ¡neo ihc drink. To 
llnd Ihc diitancea Lanccloi can ti de re place Ihc 12.0 m muliiplying Lantclot'i xvcighi by v and Ihe icnsion 
T by 7"^ ~ 5,80 x 10' N aod *o*vc fox; 

^_ (1*0x10* NXl2.0m)-<20Ü kg)WW mff)(6A m) ^ ^ 
** |600kg»l9 80 m/V) ™" 

EvaUiaTE: Befare Lanccloi gocs onlo ihc bridge, ihc icmion in ihe *upporung cable i* 
16.0 n*H200 kgX^.BO mV) 



n , wcll beww the brcakmg urcmiiho! the cable. As be 



alottg the 



12.0 m 

bridge. the mercase in icnsion i* propottional to v. ihc dutance he has moved along the bridge . 
11.43. IDEVTIFY: Fot the aiq^ncto «maro rnkvcl llight.bolh £F -Oand 

Sur Uf: Tbc Irce-body diagram Ibr ihc airplane ¡* given in Figure 11.43. Leí + v be upward. 

EXf.CITTEi -F^-W+F^ - 0. Taking thccoontcrclockuncdircclionaiposiiive. And laking lorques about Ihc 

pomt where ihe lail forcé acto. ^J.« mH670Ü Nj>(3.36 m>F.^ -0. Th» gives F„ m - 7ÍO0 Nfupjand 

K¿ - '300 N - 6700 X - 600 X(do*n), 



: hriur.i : . ]■ .kii;. LL i< 



KvaJ-1 afk: Wc ¿ttumed thai ihe witig forcc wa* upward and thc tail forcc wai dou-niAin! Whcn wc volved íbr 
ibcsc forcc* wc obuincd pofitivc * jJuc* for thcm, which conftrmi that thcy do nave thcw dircctíonv Noic ihat ihc 
rcor *iabiti/cr nrovnlc* ütttmmard fosee, ti doc* nol hokl up thc tail of thc jjrcraft. but serves tocounicr thc 
iinvjuc orodoccd by thc Thu* balance* alona with wcight, u a crucial factor in dimtanc loading* 



IT 

Figure IM3 

l 1.44. lot-VtiíY: Apply thc ftrst and sccond condition* of cquilibruirn to ihc iruck* 

Si.r L'p: Thc wcight on thc froeil whceta » n L . ihc nontul forcc cxcncd hy thc cround un thc fronl whccls* Thc 

weíghl on ihc rcar whccl* i* * . thc normal Torce cxcncd by thc ground on thc rcar whccU* Whcn iht fr*mt whccls 

comcoflthc ground* « -+ 0 . Tnc frec-body dagram for thc truck without thc box isgivcn in Figure I L44a and 

with thc box in Figure 1 1 >44b* Thc center of gravily of thc truck. WYlbout thc box. i* a distance x front ihc rcar 
whceb. 

EJCECVTE: £f -0ÍnFigJU4*igÍves w=n 4 +n t -8820 N + 10,780 N - 19.600 N 

^_ r - 0 in Via i 1 4 Ja with thc axi* at thc rcar whceit and countcrclocki*uc torquei positive* givc* 



(a) V:-0 inFig.ll*44bvWilh thc ax» ai thc tcai wneci* and w™nj*:rcl*.vU%«c tor^jci pi^iiiv^. gjvc* 
H^0 00roWM300nO-Ml¿$ in)=0. 

_ -<36OüNííl.O0ml + 119.600 NHL65mj ^ 

JV, -0 gira n + * and « + -3600 N * 19.600 N -95S0 N - 13.620 N . Thcrc i*9,580N on thc 

front wncels and 13.620 N on ihc rcar wheck 

rb>ffr -*0. £r^0 B IVCS «uU 00ml-«U 65oiU0and - l^Sir- 3.23*10* N. 

EvaUiaTE: Placwg ihc box on thc tailgale in pan ibi reduce* thc normal forcc exerted al ihc front tvhcck 



* t t 



™ 1. 

!1|mlL44a, b 

1 1.45. locvtm: Incdch cate, lo achieve baUncc thc center ofgraviiy of thc xy^lcm mu*l be al thc rulcrunv Use 
Eíc><H.3| to (ocate i ,.wrth ni rcplaccdby »■ . 

Si r L'p; Lct ibeorigin be al thc leú'hand end of thc rod and tole thc +-r axi* lo liealong Ihe rod. Lct 
h;*25S N(therodi«o x t ■ 1.00 m. Jet h\-225Nm x 1 - 100 m and lct u; - H\ In pan (a) ^-O SOOm and 
in pan tbl x 4 -0.750 n. 

ar <480 N)(1J5 riH-(25SNMlWm>-<22SNM100riH | t/iv . 
0 500 m-1,25 m 

.ID v. ■ -H'-l40N«ld i. -OT.Mlni 

m ^(25SNXI-OOm)^<225NHXOOm>»(l40NM0750m) 

^ . - - LJI m . if miut be moved 



2S5X-225 NH40N 
L31 m*L25 m-6cm lo theright. 

EvaUiaTE: Movinst ir lo Ihc right mam r for thc *\ Mcm ™>ei lo ihe right 
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11,44. 



11.47. 



IL4L 



IL49. 



lots nn : Thc center of gravity of the object musí have the san»: a coordínate a* ihe hook U*c l!cj.< 1 1.3) for 
x to , . Thc nu» tifa ¿egment u proportional lo i\* Icngih. IXrinc a tobe thc ma» pcrunii IcngtK *o "i - , 

where /. ¡s ihc Icngih of a piece ihat tus ma*s m J . 

Si:f t T P: Use coordínale* with ihc origin al thc righi-hand edge of Ihc object and -i-x lothcleft. Xj.-i.Tbe 

nuKt of cach piece can be takcnat ii* cerner ofgravíty* which Uat íts gcomcirtcal ccnlcr. Leí 1 be thc horizontal 
piece of length 2 be ibe vertical piece of Icncth £ and 1 be the hon/ontal piece with kngth x. 



1-AM \ l J : 



a divides oui 4nd the cquaticat reduce* to 



ui x * fli.x. + m.x. <r¿f¿. l 2>^o i -fí.v. |, 2| 

■ — ^gives 1^ : 

m, * >w : * ■ / j ♦ v j t a\r 

x* - 2xX - 3£* - 0 . x-y(2¿l4¿>.xmuil bep<Hili>e 4 fto x = J¿. 

EVaLuatE: i _ = £ b equivalen* to saying that Ihc net lorque i* *cro for an axis al the hook. 

iDEffllfY: Appty the condiliom of ccjuilibrium to thc hon/ontal hcam Sincc Ihe l«v wirc* ore xymmcir*cat.y 

placed on eithcr side of thc mtddk of thc tign. ihe ir (crotora are cqual and ore cach cqual to T - #tg>2 = 1)7 N 

SefLtr: Tbcfrccbody diagratn Ibr ihchcam » gíven m figure 11.47. Fand F h m thc toruontal and vertical 
icrtcdby ihe dirige on the sigit Sincc the cable ii 2.00 m kmg and ihc beam » 1.5Q m ktng» 
1.50 m 



2.00 



jad 0 - 1] i . loe icramn 7 m Ihe cabk has been rcplaccd bv m horizontal and vertical 



EXEtirTE: (n> £r. -Ügive* r.(«n4L4 3 )(1.50 m)-hu.I0.7S0 m>- 7^(1.50 m>- 7^(0.60 m)-0. 

r b <IM kgK<L&0 m.^K0?50m)i-(IJ7NHl S0mtQ.60pi> = J23 s 
(I_50biXmi41J*) 

-Ogives H * TuniL^-H^ -2r, =0 and 
/;^2f +H^-rsin4L4* = 2(137 K)^ (18 0 kg.H'MD mVV(42J NM*Ío4L4*)- 171 N . The hinge musí be 
iWc tompply 4 vctlical forcé of 171 N. 

EVaLUaTE: Thc forcé Irom Ihe i™ w¡rc«coidd be rcplaced by thc 'n eighi of thc sijí.n aciing al a point 0.60 m lo 
the leñ of thc hght'hand edge ofihe sign. 

y 

Te 




iDEVtlFY: Appty r -0 lothcbammcr. 
m i Lp: Take ihc *ii of rotMion to be at point 

ExuttTE: Thc forec r. is ihrectcd along thc kngibof thc naiL and w 
Thc tnomeni arrn of ú 0 J00 nv so 



of (0*800 m)*mb(f 



[0.0H00 rnitm 60 



-i500 NM0231UI16N 



Uval 



(0300 mi 

iFt: Thc forcé F¡ Ihu muset be applicd to thc hammer handk i* mucb kiu than ihe torce thai the hamna 



ípplics lo ihe naiL hecause of thc Urce ditTcrencc tn the kngth» of ihe momcni arms. 
iDIXrttV: Appfry thc fint and sccond conditíoni of cquitibrium to ihe bar 

Si:f l'P: The Irce body diagram Ibr Ihc bar \% given in Figure 1 1.49. ir i* ihe normal forcé exened on ihe bar by 
the turfacc. Thcre U no friciion forcé al ihi* lurlacc. //, and // are rhe componente of thc forcé exenedon rhe 
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1 1*1. 




bar bv thc hingc* The componente of thc (bree of thc bar un ihc hmee will be cviujl in maeniiudc am! oprmiic in 



EXKCt TE: 

1^ 

// -ir. but we docfi k 
citbcr of thc*c forec*. 

11.49 

Xr J¿ 0 gira F(4.0Üm,-*|3Mra>*Ü 

jtM4*00nV3O0ml^-¿(120N)-lól)N and then IT, - I60N 
Forcé of bar on (unge: 
horizontal comnonent 1 20 N* to hufrt 
tcritcal componeni 160 N. upwani 

KVAUUTU -120.160-3 00. 4 «X *o ibe forcé the biage e* 

uh! have *cro torinjc atout point .4* » ihc linc of aclion of ihc hinge Ibrcc // mu*i 
il*o if ihc ncl lorquc ti (o be /ero 
iDfcvnFY: Appky -Ololbepieccofart. 

Sur t'P: The frcC'body diagram Ibr Ihc píceo oían b gívcti in figure I J 50 

EXEtirTE: Yr. -Ogire* 1^(1,25 n0-n<1.02 m>-0 . T 9 =(35H N)f { *° 2 " j- 292 N . YF, -0gi\ 



cm (he bar U dirccied alone ihc bar. n 

H TITT 



7>7;-w-0aDd r, «h-IÍ-3S8N-292N = 6ÓN 
EVALUATE: If wc comider ihc mmwl tonque* 
momcni 4tm thon T Á . and Ihü ts why 7\ < 71 . 



i .25 n 



l>1 i T rjVilV ol ihc 



of«I.T. 




i 



fÍíureH-50 

Id*a un: Apply thc condiiuxti of cinjilibrium to (he beatn 

Sur Up: Thc frec body dijgnini Cor Ihc bearn » viven in Fieurc I L5 



Lct í". and r.bc ihc temían iti the tiw 



/■■i 



:rUcaJ cisiiixir.ents 



cable*. Each temían ha* been rcpüccd by tu a 
EttiCiTt: (a) Thc cenlcr of gra viry of rhc beam » a dbiancc £ .' 2 frum cachead and ^r -0 with thc jai* al 

thtfcenicrof^iryofibcbcamgi>e* -r # **n*lV2j4r,*íiitf(I/2>.*0. i;«n>=J>Ín0 + £t> Ogiva 

r # coso .' . ■ : V rtdmg thc fin* cquabon by ihc %ccond give* tantf- un 0 and ¿ - 0 . Tbcti thc equahons abo 

Ib) Thccenicr of gravirv of ihcbcarn b a diilancc 3¿ . 4 from Ihc Iclt hand end m a diidance L '4 ífotti thc hght> 
hand cnd + ^_ r 1 ^h ihc ¿xU al ihcccnicrof gnviry oflhc bcamgi^'cs - *in¿< V. ■ 21* 7'. %míñi. -» - 0 and 

37>¡o0-7;xui0 + J)/; -Ogira r,co*¿- T r co*0 DiVKÜng thc Hrtí equaiun by ihc wtomá^m 
3und-iantf . 
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EVAUurE: 3ian^- tantf 
directa». r^-r # j^íjwid 0>p 



0 > ¿ . The caMc cUuctí lo thc center of gravily nu*i be c*o*er lo ihe vertical 

aluclcacil tothe ccnicr oí nvíty. 





figure- 11.51 

11.52. lOEVTIFY: Apply the firrt and iccond condilioni for couilibríiun lo ttabridge. 

Stí UP: Find torouci about thc h¡agc + Un L a* Ibe Icngth of Ibe ornlgc and ir, mi Ufa for ibc wcighuof thc 
truck andihc rai*cd sectionof Ihc briügc.Takc *r lo be upward and ¥x to be to ihe righl 
EttXirT E: (tt> r¿ *¡o70 & ■ «víjl )ccu J0 D *■ ufa í|£ íc«3CT * » 



2.57*10* N 



<bHloruontal rm{70*-30°)- 1.97*10* N (lo Ibe right^ Vertical: ■•t w u -7m40*» 2.46* I0 l N (Limará} 

EVALUOTE: If 4 1 ' rihchii^ío«cabo>t , ihch*vi/¿>cY„il, imitf - ^ ^ * aod o SU I ■ i l- 

hinge forte ¡& nol direclcd along ihc brtdgc- 
11.53. iD&vnrv: Apply the conchlioni of cquilihriuin tothe cyundet. 

Sir l>; Tbc frcc*body diagram Ibr Ihc cylindcr » £ivcn in Figure 11.51. Thcccntcr *tf gravity of thc cvhnder n 
al ru geometrieal cerner. Thc cylmcto ha* radiiu A. 

Exixt fkí (a) r produce* a clockivi*c torque about thc center ofgraviiy *o Ibcrc imivt be a friclion forec. ihat 
produce* a counicrvJocku i*c lorquc aboui thu axíx. 

<b) Apply iog = 0 loan axi* al thc ccnicr of gravily give* fR -0 and T = f . - 0 applicd loan 

axis al thc point of contad bctwcco thc cylindcr and thc nimp gives -T\2fi) +■ UgJtmO - U . T = * ,lfg 1 2j*in0 . 
EvaUaTE: Wc can *how ihai -ti and -0* fon and ¿< 
or for * and y axc* ibai are horizontal and vcrMI. 

r 




Figure I i .v 1 
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1 1.5-1. [ut\ im Apply thc lirst And iccond candil ion* of cquilibnutn to thc laddcr 
Skf I t p: Take lorqucs aboui Ibe pivot. Leí ♦ y be upx^ird 

H \í * 1 1 1 : tu) The forcé /■" thal Ib: ground cxcrti on thc ladcto ¡s givcn lo be vertical* so ^ r - 0 
gi\vi^<A + 0mh«i«-<25ONH4 + Om)iiDtf*|75ONHI SOmliuifl.so f v -354 N 

(b) There ore no olbcr horíxonlal forcé» oo Ibe laddcr, so the btw/ontal pivot forcé ñ xenx Tbc vertical forcé thal 
tbe pira exerts on thc laddcr must be (75DN)+(250N|-(354 N)=646N* up. *o»he bdder cxcrti j downnird 

forcé of 646 N oo Ibe pivot. 

(c) The resulte ¡n partí (a) and ib) are indepetHlcnt of A 

EVaLuaTE: All ibe forcé* on the laddcr are vertical* «o all the moment arm* are vertical And are propon tonal lo 
sm# + Thcrcfore, s¡n(J divides oulof thc toruuc cquaiions and Ihc remití are ináepcndcni ot" 0 . 
1 1.55* Idevufv * Apply the lint and sccond conditions Ibr coiiilibríum to the xlml* 
SurUp: Dcnoic the lengihof thc sirui by L. 

I!\*;c IVTKS M y ■ mi; #■ h h jnj // ■ 7" To fmd ihc itruton. lakc torques about Ibe pivol poinL 



rj-l£ jíinfl - w|^¿ jcostf * jcostf and r=^H+^üJcolfl 

[b> Solvmvr the aboye Ibr u , and using the máximum icntHin for J\ 



h = T untf-^ = <7lWN|U»55Ar , -(5 + 0l£g}í9í» m,V) = 95IN. 

<e>SolvingtheeArnwonorWnedmpdrt(atfor tan tfandlctitag — * (». lanfl-^-ÜTWX *o tf - 400*« 

KvamaFe: As thc sirut becomes eloser to the horizontal, ibe momenl arm ibr thc horizontal tensión forcé 
apprcachci /ero and Ibe Icruion approachc* inliniiy. 
1 1.56. lofcvnív: Apply the lirit andiecondconditioniof equilibriurn to cacti rod. 

SKF Uf: Apply ■ 0 with +y upwDrd and apply ^ r - 0 with the pivol at the poini of suspensión for 
rod 

Km;c i fk: (u) The Irce-body diagram for each rod u given in Figure 1 1 ,56, 
ib) ^r-OfoTibclowcrrod: (6.0 N»4 t 0 cmi - * t i*¡.0 cmi and h^-MN. 

-Dforthe lowerrod: S t = 6.0 N + vr« =9.0 N 
^r^Ofwibeimitílerod: m& » cmj = <5J> crotí, and vií =J1£J(9A N) = 15.0N. 
^F t -Ofor me nucidle rod; 5> = 9-0 N *■ S> = 24.0 N 

^r-0fcciheupperrod: £,(2.0 cmj = w t (6.0 era) and h; - ^£l^j(24.0 N) ¿RON. 

-Ofortheuppcí rod: S.^S^h; =J2.0N. 
Insummao- ^-JIN, I^-IION» n; -S.0N. 5 t =310 N. 5, = 24.0N. 5, = 9.0N. 
{t} The cerner of gravity of Ibe cntirc mobik must lie along a vertical Ime thal passci throu¡di thc poinl where 5. is 
located. 

EVah Mt ; for ihe mobi le as a whok Ibe vertical forces musí balance so S k *w A + w t +i% +6.0N. 



4 Sl f ; 

JJiuiJ ñAaa 1 1 



son ^ 



13, 



IJcPcrrvü 



IÍzureHÍ6 
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11.57. iDEvnrv: Appty ^r. -O lothebeam 

Skf Up: The frcc*bixfy diagram Ib* ihc beam u givcn in Figure 1 1,57* 

i u : Ir -O. a\a * hingc . give* /((i O mnuntó'i - mí .75 inKtcwíO : i - 0 and 

fc\Ai t \FK: Tlic tennon in ihc cable ¡& Icsts than (he wocltt of thc beam. ívinJO" ¡* Ihc componer* of Tlbai 
to thi£ 




Figure 1137 

1 1.58. Ioia iifY: Appty thc lírit And iccond condilíoro of cuuilibnum ti> thc drawbridgc. 

SkfI'p: The frec-body diagratn for Ihc drawhridge i* given in Figure 11.53. M and fi x arribe 
(he Ibice Ihc (unge cxcri* on thc bridge* 

ExeCLFe; (a) -0 wíth thc axh ai thc hinge givw -ni7.G mt*o>*-*T i - 7 i J 5 i-.m«:i.i7" \ - 0 and 
an37° t»37* 

H*M;+tt! =1.27*10* N . tai:rí IL and 0- 20 T. Thc huigc Torce ha* irogniiude 127-10* N and i. 
dlrcctcd al 20.7' above ihc horironial. 

EvaiaiaFE: Thc hinge forcé i* not dirccied along thc hridge. If il wcrc. ii wi*dd have /ero torque fue úxi axiiai 
thc cerner of gravity of ihc brtdgc and fot thal axis Ihc t crotón ¡n ibc cahte would produce a tingle, unbalanccd 
torque 



Sí 




Pifare IU8 

iDEVtiFY: Appty thc lint And iccond conditioro of cquilibrium to thebeara 
Sr.F UP: Thc frec-body diagram for Ihc beam » given in Figure 1 1 .59. 




F%aralU9 



: L.,il hciuLvi : -k1 : .jvuau LL :i 



EXECirrt: (a) ]£r "O, axil at kmcrcnd of bcam 
Leí (he Icngihof thc bcambcl. 



i-i 



- mo n 



mar 

(b)Takc +j upward. 

-0 give* n-w* r*Ín6CT -0 w A-736N 

^F.-Ogíra />rco*óO*-l372N 

EVALUATE: The floor muit he very rough for ihe beam nol lo *lip. Tbe fríction forcé exeitcd by ib: floor ti to 
(he leñ because Thaz a coniponcni thai pulb thc beam to the riuh! 

11.60. Ideytifv: Appty Yr, -0 tothebeam 

Su l p; Tbe cenlcr of ni of the beam ¡* LO ni fti>m the suspensión point 
I!\J]C i ri-i (a) Tiiktng lorcjura about ihe sujpdsíüo point, 

u(4JMnil*¡n 30^(140.0 .OOmisiníO 1 -íIOONn2,00 m>inM*< The common facior of iin30 L divide* out 
fromwhich ir- 15.0 N. 

(h) ln thb case, a conimon facior of mii4S* wciukl be faciorcd ouu and Ibe rc*ull would be (be «ame. 
EVAllUTO: All the foteci aie verikaL so thc moinenuareaUhon/u«ilalandalleoniain thc factor *m0 . i*berc 
O te thc anglc the beam makc* with the hi*i¿ontal 

11.61. iDCVtirV: Apply Tr-0 lo thc ragpolc. 

Sl'.T Up: Thc free-body diagram Ibr ihc flagpolc u gíven m Figure H 6I. Lct clockiróc torquetbe poMlive. 0 b 

the ingle Ihe cabk irakés with thc bonzonul nok^ 

Exwx i fe: (a> Taking lorque* about ihc hinged end of ihe pole 

(200NM2.5Qm>t(600N)(5 k OOm)-r<5.00rti)=0. 7 - 700 N . Tbe x-cumponcm of Ibe Icown ¡% iben 

T A - J(1000N> I -(700N> Í -7I4N Ian0- — - — . Tbe heigbt abov* the pole thai the wirc mu*l be 

5 .00 m 7^ 

atiachcd b i5.0ü m)I92 ■ j h 90 ni . 

(b) Trtf rcon^imnl of the teniion rcrmín» 700N. No«' tanfl - ^ ^ m and í ; - -l 1 ,35 

5.00 m 

T*-L—= 700 N -I060N .an increpe ofóON. 
*tn& <ín41J5 & 

EVAUUTE: A* thcuírc ñ fastened ckucrto the hinged end of Ihe pole. Ibe momenl arm for T 
incrca.se lo produce ihe «ame lort|uc 




Ffcure Mil 

11.62. lot-Min: Appty -0 tocachobject including the poinl where A Cand arejoined* Apply J]r 'O lo 
the rod 

Skf Up: To frnd and T, use a coordínate N\'Mcm wiih axci» paialkl to the eordjt. 
EuXlíTE: A and A are Mratghtfora ard, thc teniiora being thc n^uh^ wpended: 

T A -(00360 kgHMO «'»*) = 0JSJN and T v -10.0240 kg t0.0360 kgH o K0 m/»') - 0 58Jt N , Applying 

-Oand -0 ki the pouit i*bere ihe confe arejoined, T f -T^cobJÓ^-O^TON and 
T - T eoiS3.l ? -0.3S3N. To tlnd T £ , -.^kc loiquei. jbuui the poittt nhere tirittg / ^ atijehed. 
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r í (LOOm)-r i> sÍnJ6^<0 + 800m)ii; íni5J,r(0200m)í (0.120 kg«9 + K0m/**l*O500ni)and r 4 -O.K33 N 
7^ may be foliad similar ly, or fr om thc fací lint 7^ * T¡ mu*i be ibc loial wctght of (he omament. 
<0.ISQkgK9.tH>tn/^)»L76N.rRutiwbícb T t «0.931 N. 

EVALUATE: Thc vertical Imc through ihc ifihere* ¡«elener lo Fltun to£. «nvccxpect L >T t .and thñü 



11.63. iDEvnrv: Apply thccqumbriurncoruhuon* lo ihc piale, r - Frsm&. 

Sir l>: Thc frcc*body diagram Ibr ihc piale i* sketched in Figure I 1.63. For tbe forcé r( tensión in thc cable ) 4 
r f = Tf un & - 



EXECITTE: (■) «Ogivc* T*jh l - J 1 míi^ - »'_-<» . Ti* lea* for - 90" . and in ihal case tan/?- _*o 



-un — LThcn r^JT , , , 
rfJ TJJTTP 



EvaLUaTE: Thc angle « Ihat thc nct forcé everted by ihc hingc rrafces with (he horuxmtal i% given by 
a ^ j tf'<2A>^^ J )2<A^^^2^^ 

T 




11.64. iDEYnrv: Appty Eq^l LIO} and thc retalian Awi m¡, = -oAiV/. Ibat u given in thc prt*lcm 

Ser Vp: TbciieelrodinMxampk 11 Sha* V /, «9.0x10 \ For nxkel Y «2.1x10*' Pa.Thewidlh w, * 

K.i'.u. Mf Ai4'«-<r (AI/l)"fc"-<ft23H90>ílO *kj4|U30*IOW)/r «IJ/itji. 



íbt F. «¿í — -AY and F - 

í o H* 



(2.1* UP 1 Pa)r> (2.0XI0 W» 0 10x10 J m 



~ 3.1* 10* N 



0.42 2.0xl0'm 
EvaIaiatE: For nickel and itccl, er< I and (he fnxtiixvil change in widih is le** (han ihe iraciionaJ chance m lcn£tk 
11.65. lotAiin: Appty (heequihbríumcondiiionKloibecrAle. Whcn ibe crale U on (he verge of bpping ü touchet (he 
lloor only al iis tower lefl-band córner and (he normal Ibree aels Al th« poinl. Tbc minimuni cocOkicnt of «atie 
Iriclkm is given by ibc cquation f % « . 

Sur L t p: Tbc frccbtxty diagram Ibr Ibc crale when it is rcady lo lip h un en in Figure 1 1.65. 

ExeClíTE: ra) Tr «Ogive» m)sín53.0°- h<U0ro)«0. /*«»{ Lüü! ¡«1.15x10* N 

V(l .50mI%in53.O ] / 

«-*"*-^*«»W-0**0. » = H*tf > co5530 t ^1250 N + (l. 15x10' N)et»53*« 1.94x10* N 
(c> £f t «Ogrve» ^«rwnS^^il.lSxIO 1 N)*in5J.0 1> «9|g N . 

WK-á- W> ; -0.473 
^ fl 1.94x10^ 



: c.Jit hfiur.i : -i . r .ku;. LL :¡ 



t.YAll afi.: The ivnml torce a grraterthan tfoe wetgM becaute i tu* a don nuaru componen! 




thc itkfc. Dcmxcih*' 



11.66. iDBmrv: Appty Tr -0 lo the rncier ftlkk. 

Si: r l e: Thc w j)I exert* an ujward italic friclioo fbece/ and a horizontal 
lengibofthcxlkkby/. /-/iji. 

K\i:cfFt: (a)Taking lorque* about ibc right end of (he ¿uck* (he Inclina forcé » half thc wctghiof thc 
tíkkff - * ■ 2 . Taking (urques aboui ihe point where Ihe coed ¡* aitaehcd to thc tvall libelen*™ ¡n ihccordand 

(he incium (orce exert no loruuc aboul ih¡* nomtL and mning Ihai (he momeni arm of ihe normal forec i* f lantf 4 

iíian0-h.2- ThenJ/ . *r)-(antf<0 11- *o 0 <arcl** r0»)-22* 



[b) l .il íi . torouc* a* in pan íaX ' f ■ m — * n</-*) and ni tan ft ■ *■ «i. En term* of thc cocftlcK'ni «f frétion 



„ >£=iíil£lil|aní=£l^<an^ Solvingíbr*. ,>I Mmñ '^^Ml^ 
* * n- //2+* J+2* 2 *innd 

<c> In the abóte expresión* ictting x- lOcmand sotvtng fbr/f gíva /i a > ^ \ ^ s ' ' ' ' 

EVaUíaTE: Fot ó*-]5*andwithoui rhe bkiek suspended from ibc rtick. a valué of 0.268 brequited (o 

preven* *hpping* Hanging (he btoek frora iheitick rncxeaacs the valué oí //.that ¡« required. 

1 1.6?. lofcviMY: Anpty (he lint and tecond conditioro of cquilibriitfn to thc 
Si:f L t p: Thc frec-body diagratn lor ihe érale iigivcn ¡n Figure 1 1.67. 



^(0375 m|co*«* 

/ J = (l.25oi)co»45' 

Let F t »d f\ be (he vertical 

forcé* exerted by you and your 
rnend. Take ibe ongui al ihe 
kvAvr lefl-hand comer of the 
íraie ipoint A>. 
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EXEtirf E¿ -tí%a t gives I\ * / - i> 

/; + F¡ - «r- <2O0 kgr(9í0 ra V, - 1960 N 
£r,-0|praFA-<«Ü 



} s ) V l.25mcos45 : 

Theo ¿¡ -h-F 2 -1960 N -590 N-I370N 

EvaUjaTE: Tbc person bckiw (you) appbesa forcé t»f 1370 N. The perdón above ^xtur friimd) *ppl>^ a face of 

590 N. ti i*bcner lo be the per ion abnve. A» Ibc skcich show» thc mument arm for F ¡x les* than for F.. so musí 

nave / Ii> compensóle 

1 1.68. lot-MiH: Apply thc lirst andsccündcxuidítíom fbr cuuilibhum lo (he forcarm 

Sir i'v: Tbc frec-body diagram is given in Figure I l.6Sa* and when holding (he wcight io Figure 1 1,6Kb- Lct 
+y be upivard< 

i ucirTE; (■> ¡Era*. -0 givcs /;<3 + HP cm) - (I 5.0 N * 1> Ocm)and F B -59.2N. 

<b> tt £ -0 gira F^J.íOcro^ítfXl N)íl5.0an)-.(80.0N)í33.0cni)aiid F, - 754 N . The bíceps forcé bu a 
shorl lever arm. so it must be large to balarcc Ihc larquex. 

<c| 1/; -Ogira -F, + F M -IS.0N-R0.ON-Oand F t - 754N -ISO N -ÍWÜ N -659 N . 

EVALUATE: (d) Thc bieep* muxele aclx perpendicular lo ibc forcarm* *o iix lever arm xlays (he same bul thosc oi' 

(he oincr hvo Ibrccs drtr«*4vr as thc arm is rabed Tbcrcforc (he tensión in (he biceps mwclc Jt\rr<in\\ 



.111 



h » ta H 

l J .69. iDEXtirV: Appty Tr. -0 lo thc forcarm. 

Skf L t p: Tbc frec-body diagram Ibr ihc forcarm t* given in Fig. 1 110 in (be lextbook. 

Exectff.: (u) Ir, - 0, ax« at elbow gira wl-\T tm ü\D - (* - /* y — <— L 



rt A * 7" A í \ 

EVaumTE: (c) Thc rcmlt of parí ibl shows that w M ¡necease* ttben 0 mercases, since thc derivalive is positive 

w_ ri is largcr fura chimp since D ¡x largcr. 

.70. lot-Nim: Appty thc lírst and sccond conditioru Ibr cquilibrium to (he (abíe. 

Si r Up: Label thc fcgsax *kumn in Figure 1 1 70a. Legs A and C are 3 6 m apart. Leí thc weighl be placed closest 
tolcgs CandO. By s>rnmcir>\ A-Baaá C - D . Redraw the tabk as viewed fram(he.4r*¡dc r The rree-bod>' 
dlagram in ibis view is given in Figure 1 1.70b. 

EXEtirTE: ^r.(aboutnghtendt-0givc» 2AO.it tu) - l^tJ.O \)U K mi *(] M* Mid .Sil m) and 

J = lJ0N = S. J)F «0 gira ¿+S + C*£>ii590N.U*rag ^-ff-130\ and C-iJ givcs C-O-670N. 

Dy Neuiotj"* ibird lawof rnutíon. (he Ibrces A, C and O crt the lable are (he tamc magnrtudc as (he torces (he 
labic exerts on the flúor. 
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EvauiaTE: As exnccicd the leg* cioscsl 10 ibc 1 500 N wcighi ex en a g rcalcr forcé on ib: (loor 



11.71. lot.Mm: 
<i) StrtP 



A C 2A «ON 

ligare 11.704. » 

^rr > V r - 0 íirtl to Ihc roofand then lo ene wall, 

t onutkr (he Ibrcei on the roof: tee Figure ) 1,71* 
ÉÉth 

y and // are ibe vertical 
and horizontal lotee* cach 
wall exeru on the roof 
ir - 20+000 X ¡s Ihc toral 
wcightof the roof 

Flgare ll.TlÉ 

Apply ^TV -0 toonc halfofthc roof. with the a.x¡*along ihe Une ía'herc ibe nvohakes join> Leí cach hall" have 
lengih L. 

EMC t'Tt: ÍK/2)(lV2)(ce«35 0 0 )t//¿*in550 p -*X«>*J5 fr *0 
t divides out* and me P ■ h72 
//imJ5Jr = .ii**c«35.0* 




ñf 



^ 7140 N 



414035,0° 

Evamah'.: By Newton' * Jrd bw. the roof cxcni a horizontal* oulward forcé on Ihe watl. For iort|uc about 
ixn al the lowcr end of the wall» at ibe uround, thi* forcé has a larger momeni amt and henee larger torque ih 
taller ibc wrik 

[h) SKI Up: The forcé diagram forone nall i* ckcn m Figure 1 1 71b. 




( otiMdcr ihc torques 
on ihU wall. 



Figure lL7ln 

l ^ the horizontal forcé exened by the roof* a» conxidercd in pan (a). B ct the horizontal forcé exened by the 

- — ^59S9X 



hunreo Now ihe 4ng1c u 40-. *o ti - 
ExXCUTE: Tr, ■ Ü\. 



¡ii ihe gmund 

/#<40 ro>- «{JO m U 0 and B- 7900 N. 

Ev Ai-i afé: The horizontal forcé exened hy ihe roof ¡s 
torque* applied to the roof the moment arm fbr // 
higher up on the wall rh¡s forcé i* applied 
11.72. lD£vnn: Apply Tr - 0 lo the whecL 



1 i 



che roof become* more horizontal, *wce for 
B requíred from the buitre** i* les* the 



Up: Take (arque* afo»ut the uppcr comer ol the euib. 
Iaki ii: The forcé F aci*at a perpendicular dbtancc H-ft and ihe wcight acu al a perpendicular 

ffü-J 



Jr ! ~{R — A*)* ■ *¡2Rk - Setiing Ihe torques ecjual Ibr Ihc mínimum neccs*ary forcé, F ■ mg 



R-h 
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[b) Tltc ti>rquc duc t« graviry ¡* ihc 



. but ihc forec f aels al a pcrpendKMlar diMancc 2/f - A. so tlic 



I L?3< 



fom U fui? * *» ■ < 2R * A) 



EvaumfE: (c) Les* torce is required when ihc forcé i* apphcd al thc top of thc xvhccL mikc in 
largor miwnent arm + 

iDEVTifY: Appty ihc first and sccond conditions of cquilibrium tu thc gaie. 
Sur Up: Tbc free-bocta diagram Ibr ihc gale is given i» Figure 1 1.73. 



ih» case F ha* a 




wílh 



ton // 



ExuCiriE: (u) ¿V^-G gí 
rf2ón».0* + co«30A*>»i»' 

T- ü 



F%d re 11.73 

B. Leí ti , and // be thc forcea exeited by thc hinge* ai A and 1* Thc problera 
¡tas no horizontal componente Rcplacc th 



tensión t by its horizontal and vertical 
* 7" v-os.Víü T «2 .00 mi - n{2.00 mi - 0 



500 S 



^26HN 



2*m300 E *coiJ0 + ir 2anMT + ccr3I>.0° 
lb r £r\-«itf t **y* -rco*30 (P = 0 

- 7co*30.ir - (258 N">m30.O* - 232 N 

(c, «y* //^ + //^ + r«n3ao^-H-o 

* ■ *- J"«n 30 JT -500 N -(268 N)»¡o 30.0* - 366 N 

ÜVAUíaIT: Thas a horiomtal component lo ihc lefl so H n must be lo ihc righL ai these are Ibe only lwo 

horizontal lotees. Nolc Ihai wc cannoi determine and fi tr sepárate ly* on) y theirsum 

[□t\ utM Use llq.i 1 1 h J > to lócale Ihc t -coordínale of ihe center of gravity of thc block combinations* 

Sur Vvz The cenier of mas* and Ibe center of gravity are thc same poinL For Iwo idcniKal blocks.. ihc cenier of 

graviiy ¡* midway bcrwccn thc center oí thc t»o blocks. 

t Ví* i ti : (u) Thc cenier of gravity of lop block can be a* far oui a» ihc edge of thc lowcr Wock Ibe center of 
eravlly of mis combinaiion ¡s ihen 3¿/4 lo Ibe left of thc righi edge of Ihc uppcr block. so thc overbang ¡x 3¿«4* 
(b) Takc thc two»block combinaiion from pan (al* and place rt on top of thc third block *ueh Ihat thc overhangof 
3¿/4 is from ihe ríghledgc of ihc third block; that is* thc center of gravity of thc ftrst rwo blocks ¡s above Ibe 
edge of Ihc ihird bkfck. Tbc center of mass of Ibe rhrcc*block combination.. measured Irom ibe righl endof thc 
bottom block* ¡* -¿/6 and so me largest possiblc overhang is (3¿/4)*(¿/6) = 1 1 Lfl 2* Sirralarry, placing thís 
Lhrcc-block cornbinatíon with ii» cenier of gravity over thc right edge of Ibe fourth block allows an extra overhane 
af Lf& fora lotalof 25J./24. 

M \% Ihc resuli of pan i b)sho^% + wnh onlv four blocks. thc overhane can be larccr than tbc Icncih ofa single 



block. 

E\ Al i AFt: Thc seque nec of nía 
ntoic block íi added i\ ácaasinM. 



. IS¿ 321 25Í w . _ 

i* . . Thc mercase of ovcrltanc wnett ooo 

24 24 24 



: l jil tumi 1 : »1 . . i: '.iiir \ L L 1" 



1 1.75. Iolmim: Apply thc first ¿nd sccond roiuhtion* of cquitibriurn. first lo boih rrarblc* conadcrcd a composite 
objecl and then lo Ihc boitom marbk. 

<■) StT Up: The forte* an cach nurblc are shonn in Figure 1 1 .75. 




F,-2* = l.47N 
*üi0-tf 2tfw>f?-3Cr 
*aa*i*al/> 



2co%t{)< 



Kiturr IL75 

(h) Constata ihc forceson Ihe botiom nurblc. The homontal lotee* mu.%1 *um tozero, *o 



C oukl use insicad ihat ihc vertical forcé* turn to ícro 
mg-n 



F -mg-ttecaO-Q 



-0.84KN. whkhcheelt*. 
cas 30 a 

l.\ Ai i \n; If wc comidcr caen mjíbic *cparatcly* thc linc of aciion of cvery forcé pusic* thraugh thc cerner of 
the marblc so diere ñ ctauly no lorquc aboui thai noint for caco marhlc. Wc can use ihe resulta obtained to 

*how that £f t -0 and £^ -0 for tlw top irorNc 
11.76. iDtvnrv: Apply Vr -0 lo thc right-hard beam. 

Sur Up: Use Ihe hingc a* thc axis of rotalíon and lukc counicrckickwisc roution rxuilivc. \f F mw¥ ti thc tensión 
m caen wire and u - 200 X i* Ihc *ciiíht of caen hcjm. - 2w + - Oaod /" - tr . Leí L be thc kngth of cach 



EXXCITE: (■) -0 gívesf\.,£Hn— — J¡— ra— — w— iin— -0, wherer? W thc ancle hciu-cen thc bearns 
md F js ihe forcé exerted by Ihc cmw bar. Tbc Icngih drops oul and all oihcr quantiticscxccpt /-* arcknown* 
g . JU^ffOT .^4^, r^N,,^,»* 

(b) The cnusbar k unota íomptvv«on. a¿ can he seen by urtigúiúig ihc bebaxior of ihe ttto beams ¡f thc crcusbai 
wcrc removed. It ¡* Ihe croMbar that holdt thern apiri* 

(c) The unward pulí of Ihe wire oo cach hcam is balanccd by thc tkmTward nuil of gravrty, due lo Ihc symmctry 
of ihc arrangemem The hince therefoce excris no vertical Ibrcc* li rmist, hottcvcr* balance thc outward push of 
thecnusbar. Thc hince exerts a forre I30N borüonully lo thc left for ihe righ* hand heum and 130 N lo thc 
nufci (br ihc left-hand bconi. Awjin. instruciive to vtaualbc whai thc heami uould do if thc hince were 

thc tvcighi of thc beam (br 



EVALUATE: 



TT»c fi>rcc exericd on carh 



11*2* Chaptrr H 



1 1.77. loEYnry: Apply the first and sccond conditions of cojuilibríum tu thc hále- 
la) Str llr Find ibc anglc «tere the bak stans lo up. Whcn it «tan* lo lip only (he lowcr left-hand comer of the 
hale maltes conract i*nh ihecomcyor bdi. Thcreforc ib: line ofaclion oí the normal forcé Jipaste* ihrough the 
leñ hamiedgeof the tale. Con*ider £r 4 -0 mlb poínt A al the lowcr lell hatul comer Thcn r a -0 and ry-Q, 

so it nr,jM be that r h( ■ 0 also. Th¡* mcans that ibe Une of acitonof the gravity mutt pos* through poinl A. Thut 

the frec-bodv diagrarn musí be a* thown in Figure 1 L77a 



ExKfliTE: 

CU 25 




0.25O m 
■ 2? \ aniík whcfc tip* 



♦ un- 

H*ureiL77i 

SEr UP: At me anglc »*cre Ihe bale is ready lo slip down me incline / ha* ils máximum nossiMe vahic. 
L m f*JL The fr*c-tx>dy diagrarn for the bale* with the origin of coordinatci al Ihe cg t% given in Figure 11.77b 




EXMITE: 

2>, — . 

x-mgco*p ^0 

if-^gCO»^ 

i /, ha* máximum vah. 
bale ready to slip) 

/ 4 -*W*Ío>J-0 

/imuj co*/f-m¡r*in/f-0 

tanj^/j 

p give* i:.'. .■ ' ; : 



I ii;un I L?7b 



j7 ■ 27 a lo tip; /> : l e lo ■.:,[- «o Irp* :i: -i 

(b) The magnitudc of the rriclkonfotve didn'lenicrintothe cakulation of ihe lipping angle; sfill tipia* fi-2T. 

For u : Ut tiniat p - arctanlMO) - 22* 

No»* me bate will «tan to slidc down Ihe incline beforc n tips. 

EVALUATE: Wimasiraller /i Ihe stope angle p where the bale slipi iiimalkr. 

II. 7S. Ideyiot: Appty £r -0 and - Oto the bale. 

SufLp: Let tx be hori/onial lo ihe righi. Takc ihe rotalion axis lo be ai the fornard edge of Ihe bale, where it 
contacte ihe hori/onial surlacc. Whcn ihe balejuit begms to tip, Ihe only poinl of conlacl ¡s ibis poínt and the 
normal torce produces no toruuc* 

I \m i m : (■> r-/-^v-^a«-(0jqpU fcgN^-NO m/* 1 )^ 103 N 

(b)Wjthr^pcctu>ihrii^aTdedgeol ilxKilc Jhe le\erarmof me íwigbl u m -0.12$ m andthclevcr 

armjiofthe applicd forcé i* thcn A -(0.125 m)^£ = (0. 1 25 en) -L a 0 ^ m a QJ6 m 
EyajamTE: As ja mercales* F muit increase and ihe bale lips al a tmallcr h. 
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11.7*. loEviirv: Appty 

(■)Srrlír: The frec-body diauram forme 



¡ ■ r t c And sccond condit lons of cojmlibrium to Ihe door 

i Figure 11.79. 



* 






M* 




1 1» ■■ 


i 1 




Fí 


w 

pire 11.79 



C¿5 



Takc ihc origín oí coordínate* at Ihe center of thc door (ai thc cg). Lct íi t it 4 , and be thc normal and 
IriclHtn forcé* excried on ibc door at cach tvhccl. 
Ku:ct n: ^F t -wa t 

h í + ii j = h'*9S0N 

'»V fur ^d ^ u all luí ve /ero moment arrm and heneo /ero (arque aboui (hi* poinl. 
Thui t »\ 1.00 mi-«,i2.00m>-r(fti - 0 

n _ H{l.00n)-F(A), (950 N*X 1*00 m)-|494 NML6Qm) 

Á 2.00 m ' 100 m " 

Andtben it¿ -950 N ~n é «9S0 N-80 N -B70 N. 

(b)SKi Up: If h \% loolarge thc tinque offwill cause whcel A lo bvc Ibc Irack. Whcn wheel A ju*l slatu u> 
otTlhc Irack h, and both goto aero, 
r.u.í i r» : Thc cquaitons m parí (a) «lili applv 
»¿+* m -*-0 S*** » 4 -h =9S0N 

Then / u ~ p¿i M ~ 0.52(950 N) = 494 N 
hi 1.00 mi i95(J Nm 1.00 mi 



4N 



Eyai.i afk: Thc rcuih in part ib) i* hrvvr tlum ihc valué of A m pan (at. Incrcaung h inervase* Ihe eloekwnc 
torque ahout tfduc lo/** and thcrcforc decrearte* (he clockwisc torouelhal n, mustapply. 
Ideviwv: Appiy (he lint and sccond conditions fbr cquilibhum to (he boom. 
Sur Up: Take ihe roüuon j.xi*ai (heleftendof thc boom 

E \m i re: (a> The magmíudc of (he lorque exorted by ibc taMc must cqual thc magnitud: of thc torque duc to thc 
ft cighl of (he boom Tbe loique cxerled hy (he caMe aboul Ihe IcA end ¡* TL (in 0 Fot any ancle fl> 
*in{lft0 ( -o í- uní/ so thc lension rwillbe (he same forcrthcrangle. Thc bori^onUl coniponeni of thc forcé (hat 
thepivot cxerls on thc boom will be Tco*0 or í'voulMI . 



(b) Trom ibc rctull of pan (ah T ¡s pronortional to 



(e> The tención is a mínimum whcn siníí i* a maxcmuiiv c* 9CT 1 , a vertical cable. 

[d t ] hvrv are no oiher luvi/otilal forcea m for (he boom lo be tn cviinhhintm ihe pi^ol exeris /ero houzotHal forec 



1 1 H* 
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EVAUiaTE: A^llx cable ^ptixichcithchonAiniaJdjrtciKtn. rt* morocni arm for ih: í\t\ at ihc pivot approachc* zenx 
so Toiiin go lo infmiry morder for ib: torque duc lo the cable lo continué locqual ihc gravity torque. 
1 1.81. IdevTify: Apply the first and iccond condition* of cquilibrium to the pole* 
(■)Srr Ur: Thc frec-rxidy diagram for the pole i* given in Figure II XI. 

'i and/ are Ihc vertical and 
hori/onial componente of Ihc forec 
ib: ij round exerti on thc pok*. 
^*F t - «10 , 

Tb: torce exerted by thc ground 
has no horifonial componen!» 

II Jl 

*'r.; m\a ■■■ ■' -i : ' m)co*0-O 
T-#tg\4.$ nV?0mi-<4 5 ?í>h570OX>- J700X 

2»° 

/!-*í-r¿ 5700 N - 3700 N - 2000 N 

Thc Ibrcccxcricd by thc g round a venial iuow ¿i-J. and has nugtutudc 2000 N. 

EVAUM1T: Wc can verify Ihat -0 for anaxu at ihc egof thc pole í >« sinee Tacuat a point closcr to 
thc cg and ihcrcforc tus a xnullcr momcni ami for thn &W than /: doe* 

(b) In thc ^ r , ■ 0 cquation thc angle r? divided out Atl fortes on thc pole are vertical and the ir monten) arms 
¿real) pronortional to cos0. 

.82. Io*-viim: Apply thc cquihbhum condilion* lo ihc pole. Thc hortAintal componen! of thc tensión in thc wire ti 

210 X. 

Sir l."p; Thc frec-body diagram Ibr ihc pole isgiven in Figure I I.H2. Thc leni»on ¡n Ihc cordequal* thc wcight 
W* / and x\are ihc componente of Ihc forcé exerted by ihc hinge* If cither of ibcsc f ore es a aclually in thc 
opposilc dircction to whal wc have a&tumctL *c will get a negalive valúe *hcn wc lolvc Ibr ti. 
i Am i m : (*) r*in3?0°-22ON«o F-36.6N. £i\ -Ogive* iTüntftf){i.lS roj-H'(i J5m) = 0 + 

(22 0NH1^5m 



.1 - 



2* > N 



<í ir. 



W X F * r\-rc«37,0 ft -»*-0 and x\ -<Jfró X)co*37.0** 55.0N - H4.2 N JV- -Ogive* 

H' - 7md37.i1* - f¡ - 0 and F K - 215 N - 220 N - 6 5 N Thc magnitude of thc hinge forcé \% 
F = ^F¿*F; =S4.5N. 

EvaUtaTE: If wc comider lorquc* about anaxis al Ib: lop of ihc píate, wc «ce that /* imist be lo Ihc left in order 
Ibr i ti lorque toopoosc Ihc (oraue produced by ihc forcé W. 




SON 



i i-:ui £ 1 1 s: 



: _j it tuiur.i : >.J I Lu*:idl> LL M 



11.83. iDEvnn-: Apply £r -Ololheslab 

Sur l.'p: The frec hody diaerafn isgivcn m l'iuurc I 



1.75 n 
UTm 



5.0' ■ The diMarxc trom Ihc 



ofihcblocfc i* 



J^ 3.75m J T ^ L75ro 



107 



EXEtlíTE: (&> n<2.07 m)*¡a5.0*-r(3J5 m)*in52>0 D ± 0. f-OOGh* Each worker must exen a forcé oí 
0-01 2 ir, where w (i Ib; wcight of ihc dab> 

(b) A* tfirtcrcftsc*. (be tnomcnl arm for w ¿cercases and thc moment arm for f mercase*, so thc worker nccdsia 
c\crt less forcé. 

tet 7" > 0 when h pa¿*cs ihrough thc support poini. This utuation it sketched m Figure 1 ].83b> 
(1.75 mi 1 2 



tmer 



and f ■ 250 . If <J cxcccd* this valúe ihc gnvitv toruuc cause* thc slab to iipovcr 



(3.75 m>/2 

EVALUATE: Thc momtm arm for T t% much grcaicr than thc moroco! arm Ibr w, «o thc forec thc workcn appty 
thc wcíghl oflheriab 





Fizare ILH3*. b 



W. lOEvnn: Foraspring, F~kx. Y 

AA1 



Vfz F.-F-W and A/ - * For copper. f-llxlf^ Pa 



EXE< i vi : 



formof F-tt. with i -— . 



-1.9 -10' N m 



0.750 m 

<c> rT-t*-<l-9*lO* NmKl 25x10 * ml-24QN 

Evaja AFt: for thc wirc thc forcé constani is very largc much larger than for a typical ipring. 
1 1.85. iDBfnPK Apply Newtorf* 2ml law lo thc mam to lind thc teruion m thc wirc. Tbcn apply Eq.(l UOt lo thc «irc 
to find ihc clongalion thi* ten*» 1c íotec produces. 

(a) Sfc r t>: Calcúlate thc lenskm ¡n thc wffc as thc mam rustes through thc loivcsi pomt. Thc frec-body diauram 
Ibr Ihc mass is given ¡n Figure 1 1 .S5a. 

y 



m 

npKiLssi 

Kxixtn: -uw ( 
r-nw^mfcü' sothat TmmáM+tUf) 



Thc mas* moves in an are of a circlc 
vtith radius R- 0.50 m. ttbai 
accclcraüon direcicd ¡n loward 
Ihc center of thc circlc. so ai this poini 

0 ' ■■ ■ ' 
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Bul ra mu* be in rai n 

«M120 rr\ biuiH^T nd 1 rcvHl iran.60*)- 12.57 rad* 

II'.:. T -412.0 I. ■ * ' * ' ' mV ^ 10» mHl¿57 rad«>^ ■ 1066 N 

\mv calcúlale the ekmcai™ A/ of ihc i*irc ihat thU tcnsilc (bree produces: 

v- F ''»„»i r ¿- 0066NK050II» 

/) A/ W (7.0*10" Pa«ftOI4*IO* mT) 

(b) Ski Up: Thc accclcraixm ¿r^, ix inrocted ¡n lowardh ibc eenter of thc envinar paih* and al ihi* point in thc 
mol»» ihi* direction « downnard, Thc frec-nody diacram ¡* itivcn ¡n Figure 1 L s5h 



-4 J KxKcrn:: 



A 

Fí*ur* 

i" = (12.0 kgN(050m>l2 57radir -9.S0 n*V)-K30 N 
|H3QNHft5üni| 

\i — - 0.42 em 

YA <7 + Ok10/ 1 PaH<>014-10 m*) 



EVALUATE: Al thc lowcvl point Tand u are in oppoulc dircclioni and at Ihc highcxi point ihcy ate in Ihe «ame 
direction. mi ri* grcaicrat thc loi*e*i potnl And ihc elongación » grcatcit ibcre. The elongación i* at mi»i 1% 01* Ihc 
Icngih 

IDDCTFY: F - 1 — |A/ soche «tope of Ihc graph in parí (a)dcpcnd* 00 \oung 1 moduluv 

SO UP: F ¿ » thc total toad, 20 N plw the adrfed load 
EXECirf E; (a) The granh u jzivcn in Figure 1 1,86, 

(ttlTherdopc i* ííüí , — - 2-0x10* N-m . 

(3J2-3J)2>if I0' 1 m 



[2.0*10* NihnM 3 50 m . r 1(20*10* N/m)*LJxl0" Pa 

^0 35*10 ' ir^I 1 ' 



1(0.35*10 ' mf 

(e> The sUe** ti F. ^ , Thc lolal load at Ihc proporcional limil i* 60 N * 20 N - 80 N 



N 



-2.1* 10* Pa 



.7(0,35*10 ' m) J 

Eyaji afk: Thc valúe of ywccalculaicd ¡* cióse to thc valué foriroa nickel and iteclinTaMe 1 1 t 



Fin 




Equilihrium and EüAiciiy 1 1 -33 



1 1.87. Id&yiifY: Uw Ihe sccond condilíon of cquílírxium to reble Ihe tctioon ín the rwo wíre* (o Ihe dutance if is from 
(he leftend Uve Ecp.(i1.S)andf IU0) lo relate Ihe icnsion m cach wirclo iti sItch and *irain. 
W ^ i l ? : ni» - F A i 1 ¿. %o equal tíreu irnplic* T t A lame ibr encb wkc 

r^/lOOmm-'-r^MOOmm* «> 7^-2.00^ 

The qucMion i* where along the rod k> hang ibe ttcight m order lo produce lh¡* rclation bctwccn ihe lensíons m Ihe 
fwo wirei. Leí the wcíght be suspended at poini C, a di*lancc.Y lo the righi ofwirc .4. The ircebody diagram for 
ihe rod i% itiven ín Figure 1 1 .87. 









li»m- i * 



<T t <i.05m-*)-7\x 



r 

re 1137 



Bul r # -2,00r ( *o 2.00r < (L05m- í r)-7>=0 
2.l0m-2.0CU = * and *-2.10 nV3XKU0 70ra ... rr.-., i 
(fo) Sr.T Up: Y ■ ilrc*b«lratn give* (hat sirain ■ tirc^ Y~F^f AY. 
EuXlTF-: Equal «traín lbu% ¡mpliex 

h m T* 

f2-ÜOimo J V] .80x10" Pa) H 00 mm 1(1.20* 10" Pa> 



L3337 



The ^r, -0 cquamn *n)l grtc* 7jl.05m-x>- 7 ( **0. 

H. 7, = 1.3337, »(1.3337,*1.05oi-.r)-r,* i 0 

I. 40 ni -2.33* and *- 1.40 nV2-33- 0.60 m irne^uredfrooi^) 

EVALUATE: Wire £ ha* lince the diameter «o il takc* Iwicc the lemwn lo produce (he same stnu For equal 
slreu the rnoment orm for T¿ (035 ra} ¡* half Ihat for 7, (0.70 ra), nnce the torque* mus t he equal. Tbc «rtiallcr Y 

Ibr B partí al rv compénsale* for the largcr arca in deterraining ihe itrain and Ibr equal *iruin (he momcni arm* are 
clmcr lo bemg equal. 
II .88. iDBnVK Appty [-q^lI JOlandcakulate M 

SKFUp: Whcn the cSdc U at rest Ihe leniWn F á in Ihe rod b the wcigbi 1900X of (hecarandoecupanu. When 

(he ride i* operatíng. (he (envión F in (he rod \% obtained by apptyñg -mí (o a car and ¡teoccupani*. Tbc 
Ircc-bodY diagram ii ihown ¡n Figure 1 1.88. The car travcU in a ore le of radius e -i*\n0 , mlicrc f ¡* Ihe lengih of 
(he rod and O a theanglethe rod makei with the vertical. Forileel 2,0x10" Pa * 
m> 8.00 Kv mm m 0 838 r..! 

M (2.0xl0 tl Pa«8.00Kl0* m') 
<b) J]'* give» F^tinO ~ mrtt* -mixintito' and 

F -mittf -f-!2ÜÜ2Í_ [fl 5.0 mKO.838 radftV - 2.04* I0 l N . dj^f 104 * 10 N \oJ8iran) = 0 I9mm 
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EyaliaFe: ^ f\ - uui givc* /' co%0 - mg and eo%0-mgfF^ . A% toincicaAei / iiwrca*cs and ca*G 
bccomci *mall Snullcr cmff tiwum 0 incrca&cs. n> thc raás roo^ (CAvard thc hori;xmtal ja ¿»j incrcaic&. 



¿ ¿,Hft 




Pifare II JB 

11.89. lo&Yrm andSETUr: Thc temion b thc sime at all poinl* ¿long ihe oampccüte rod Apply IJq^.i 1 18) and 
<1 LIO) torcíale thc cfongalíoni.. *irc«e%, and ítraim foreach red tn thc compound. 
I \m n; Eachptcccof thc compoaitc rod nib^pctcd 10a icnúlc forcé of 4 0(1- HT N\ 

Aí t - Ai, givei ihai ^ * - ^ Ib Ibr bnm and o for nickel); t p m m L 
Bul thc F ¡s ihc %¿mc far boih, w 

'"-kT^ 



í 21x10" Pa \íl OOcnV \ 



1.40 m)-Któm 



br*« : »tlc«-^'^-^4MxlO*NH2«xlO"*m , ^-2«xlO , P* 

nickel : *inr»=rM = <4 + 00xl0* N)|L00xl0* 01*1-400*10* Pa 

(c) K-*irc«*itam and *train -iirctv)' 

bnu* : «rain -(2.00x1o 1 PaXfcOxlO" Pa)-2*22xJ0' 

nickel: ilrain -(4.00x1o 1 PaK^lxIO" Pal-l.WxUr* 

EVAUUTtl Urgcr > mejm* lera and sirolicr.* mean* greaicr Ai\ n ibc mocITcc* Urgely cancel and ihc 
Icngth* don't diiTcr grcatly* Equal A/ and ncarly equal / mean* thc *itaim are ncarly Ihe «ame. But cqual tensión* 
ind A difícrim: by a lactor of 2 mcam thc sircnci dlITcr by a lactor of 2. 



F í Al 
11.90. lD£\rifi: Apply -^-n — |. 

accckration a* he *iop* depends un thc forcé exened *m het kg* hy ihe ground, 
Skf Up: ín comitkrim-* hn motum takc »i downivard Aisume 



a* be ¡* sloppcd by thc llixjr. 
EXKCimc: (■> F Á -KJ^j=(3.0xlO* m'xi4x]0* PaHOOIO)-4.2x|0* N 

(b) A* he ti slopped by thc ground*. thc ncl (bree un him i* — F — mg 1 , where ^ i* ihe torce exerted on him by 
iheground Fromp*rt<aK #1 -2(42x10* N)-MxlO* N and F -*U* 10* N -<70 kgH9.M> m o s 1 *» ity \ 

— itM gi>e* *J - l.l9x 10" nVi* . ir & -1.19x10' m'%" unce thc acccleration i% üpi*ard v « i* a +0,f gi^e* 
v« r »-d 1 f -<-],WxlO k m>'K0.030»}-35.7 ll¡*q>eedat ihe ground therefore b m 1 * + Thb «fieed i% 

reUlcd 10 h» mino! heighi A above thc licor by -¿mv 1 *Mgk nd k 65 m . 



: ljÍI hciULVi : ,5 . ]■ .iur;. LL \< 



Evali afe: Our estímale i* ba*ed solcty on comprewnc itre**; other miurx* are likcly it a rouch lo*er hcighi 
11.91. lot.vrm andSETUr: Y^FJ^tA St <lvq.ll lOhe+d* sanee the problem «ale*, iltat (he rtres* w proportional lo 

the ¿Irain* > Thu« AJ-FJ t ¿AY. Use pruportionahiy lo *ec how changiag the wire propettic* afteets Af\ 

Euxi FKi (u) (Itange bul F i*»mc lltiodlamp)* -I 1 mine di&mcter *ircí, and )*(&unc material 1 all Hay ihc 



— ■ — cooitinL %o 

A/, - dJ ( (/ c ) « 2Ai; » 2(0. 1 S mro> ■ 036 mm 

A/, i' i' i -<0.1fEmm)(r2)' -0 045 mrn 

;o #1, 4, ¿ all ittv the ., %t> AfT - FA ' ^ ■ ccnuiant 

ft£ HCUfU HwflCHIiilO" Pal 1*10" P*>-0JJiwn 

EVaja'aFe: Grcatcr /meam greater A/, greater diamctcr meara leí* Af. and una lie t )'rtican> greater A/. 
lofcvnFv; Appty L^¿lU3>andcakuUte AK. 
Si r L-p: Tbc prcuure inervan* i* wtA , where »*Í* the weight of the briclct and .4 ¡* Ibe orea rr of the písion 

mera -y- - 1,420 k %* 9 S * rn,i ''- i o?,in* d- 
riO 150 my 

^ r # * ¿ 9,0**10*1* 

EVALUATE: The fraciionil cbange in volurne « onh- 0 + G22%. io lh¡s aucmpi (* not nonti Ihc cfloci* 
11.93. IdeyikY and SET Ur: Apply n<p.(l 1.8>and (1 1 15). Tbe icr»»lc are** ikr^end^ on Ihc componenl of F 

perpendicular to the piar*: and ib: ihcar slrcu dependí on (he component of F parallel (o (he plañe. The forte* 
arexhown in Figure 11.93a 




lilitire 11.93a 

(a) EXICIII: The componente oí Fue ¿boira io Figure 1 1 <93tx 

F - F unf 




rhe orea of ihe diaconal 

i* A¿co%&. 



leiinfc ibcn - 



fien re 1 1.93b 



[41 C0%O) 
F 



[nj shcar «rc« r iintfi'M. cosflj - - *u«nt; a inc Kleitdty}- 

(^/ctuííi ^ 2.4 

EVALUATE : <e) From (he repulí of (a) me leneile «Irera b a rnaximum for cmü-U ^ -<l e '. 

(d>FromincrciullofMn(b)ibeihearitrc^i ih a máximum for iki2tf «L «ofor 20-90* and thu* 



íí.45* 



Il-Jé Chtptrr 11 



11.94. lo* vim; Appty the first and sccond conditions of cquilibríuni lo the rod Thcn arjply Eq*(l 1 JO) to reble me 
cornpressive forte on the rod to ib change m krngth. 

SEI ÜPt Fot coppe*. Y m 1.1*10' Pn . 

Exjxitk: (a) Taking lorque* about ihc pivol. the tensión f in the cable ti rdaicd lo Ibc wctght by 
r(*in0)/ t -mgrY/2* so T - ^ bocúwnul cornponeni of the forcé iba* the cable exeru on the rod and 

henee the boctzontal compixtcni of the forcé ib&t the pivol exerts on Ihe rod* u — — coi0 and Ihc slrcss b ¡ü¿Lc*ii# 

2 2h4 

■ ID i!. '.' tlJ \. 'i wn ^ jodiió «dccteawinlengih. 

(O In tcrmxof thcdtnsity aml kngth. {m/A}-^ «o the srres» ti {pí^g/2)coi& and ihc change iti length ü 

{d)Usíng Ibc numcrtcal valúes* the sircss is 14 -10 Pa and Ihc change in length ¡* 2.2* 10* ra 

it) The slrcu b pmporiional to the length and ihe change in length u propon tonal to the squarc of the length, and 

so the quanhúes chance by factor* of 2 and 4. 

EvaUaTE: Tnc compreso ve forcé and Ihcrcforc ihcdecrcaic in lenglh incrcasc a* tfdccrcaies and ihe cable 
bccomci more nearly borúontiL 

1 1.95. Idevíi*^: Apply the ftrst and sccond conditions Ibr cuuilibrium to the bookcasc. 

Skf Up: Whcn the bookcaic U on the verge of lipping, il contacta the lloor only al ils knver lefl'handedge and 
the normal forcé aels al this point* Whcn the bookcasc i* on ibe verge of sljiping* the stalic friction forcé has il.s 
largest possiblc valué, fiji . 

EJBCims r» Takíng lorques about Ihc left edge of the leñ leg, ihe bookcasc would tip whcn 

F - (t5ÚílXH090rt " - 750 N and «xrnld shp whcn F ■ {u H 1 500 N) ■ 600 N. so the bookcasc slicfc* before 
pjDni) 

típptng 

41*1 If F is vertical. Ihcrc mil be no nci horizontal Ibice and the hookcase could not slidc* Again uking lorqucs 
aboul the edge of Ihc left lcg t me forcé necessary to t¡p Ibc case ii ^^^fl*^ m * = l3.S kN . 



íc ) [ o ti ule, ibe friction forcé is / - ¿j m { m * F eo%0}* and sctling ibis cqual to F*in& and solving Ibr gives 

F* . lie* slidc). To tip, Ihe condrlKm is tbai the normal forcé excried by Ihc right leg is zenx and 

sintf */í. coif 

taking torques about Ihe left edge of the leñ leg* F sinr?(LR0m>tFcos/?10J0m>-hí0,90mK and solving Ibr 

/■' gives F - (to tipt Scttinit the li*o cxprc&snxu coual lo each other givei 

(l.-^eot/y t 2sinf 

^«l/9|Cosr7t 2*nO)^%mO- /t,ca*0*n¿ solving foc Ogiva 0 - arelan | j j BBfi j = 66^. 

tVAJ i afu: The rcsult in ici ikpenóS nol only on ibe nutncncal valué of ^ bul also on the width and hcight of 
the bookcasc* 

11.96. Iolmim: ApplyJV -0 lo Ihe post t for various choicesof the locai»onof the roiation axiv 
Skf V?z Whcn the pos* is on the verge of slipping, i\ has its largesi po«ible valué, /. ■ ¡tn . 
K\i:c i il : (n) Taking lorques about ihe point whetv iherope is rjsicncd tome ground. the leverarmof iheapplíed 
Ibrce is Ai'2 and Ihe leveranmof boib ihc i*cight and the normal forcé is hiMÜ. and *o / r ~- I" - n '.i 1 uní*. 

Taking lorques about ibc upper poinl (where the rope u atiached lo Ihe post), fh — Using f & p n and solving 

i i Y ( i i 



(b) Theabo\*e relalions bcltt'cen F.n jtkI / beeomc F—k — (n - tt )h tañí?./ * and clinunaling/and n and 

«dvmg for F gives F S >i + f , and substirution ofnumencal zulúes gives 750 X lo rwo ñgurct. 

^ lantfj 



(c) IT ib: forcé b applicd a dixiancc y abovc ihc ground* theahovc rclations bccomc 

Fy - \n - h" )/i iati í?. t'\k- ri - fh. tthjch hícomc* on climinaiing « and /* wkF - I. A* ihc 

X tantf j 

tcrm in squarc brickcts approachc* /ero. thc ncccxsary forec beeomex unboundcdly largc. The linuling valué of v 
i* round by serting thc tcrm in tquarc brackels equal lo /ero. Soiving íbry givex 

* /j.*tin0 0.30 -t un 36.9* 

EvaIAiaTE: Fot ib: poxl loslip* for an axis al Ihc lopof thc jmx thc tarque doc lo /'must balance ihc lorouc duc 
lo thc rricuon forcé. A* (he point i>f applicaiion of r^ «ipproachcx ihc lopof thc chhi. itx moment arm for thn axis 



11.97. Iüdium Apply ^r, -0 lothcgirdcr. 

Si;r Up: Assumc that ibc cerner ofgravjty of thc loaded girdcr « at £/2* and that thc cable ix aitacheda 

v lo ihc rightofthe pivoL Ihc sane of uV aiigle belween Ihc lever arm and ihc cable i* ihen *((L/2)~ xf . 

Exi;ctte¿ Thc icmion is obrained írom balancnu* toruuci aboui thc pivol; 



whcfc h ix thc t«ial k*ad . Thc mínimum tensión w iH uceur wfaca thc tcrm út 



tquarc brackcti w a máximum. dilTcrcniiaumi. and scitin? thc demative equal to /ero gives a máximum, and henee 
a mínimum icmknuai x^ = (k'fL)+(Lf2y Howcver, if x fm > £* whieh oceurx if A >L/JS, Ibe cable must be 
atlachcd at L, thc fanhcit point to thc righi. 

EVauiaFE: Xole that x mm ix greater Ihan L . 2 bul approachcx L . 2 as k ->0 . The tensión i* a mínimum uncu 

thc cable o atiached somcwhcrc on the righi*hand halfof thc ginicr. 

1 1.98. lot-MiM: Apply thc cquilibrium conditions lo ihc lacklcr combination and abo lo each laddcr 

SKF LTP: Tbe gcomcuy of Ibe 3-4 5 right mangle «mplifici somc ofihe intermediate algebra. Denote Ihc forcé* 
on theendNofthe laddcnby S\ and F, <1cfi and righO. The contad forcé* al the ground mil be vcnical. lince ihe 
floor ix asxumcd to be fnctionicssL 

EXCCITTE: (tt) Taking lorquex about Ibe ríght end ^(5.00 m) ■ (480 NM3.40 m)^ (360 NK090 m) , xa 
/; - 39 1 N t\ may be found in a similar manner. or Irom F t ■ X40 N - F 4 - 449 N. 

(h) The tcn*Íon in the roñe may be found by fmding ihc lorque on cach laddcr. uxin^ Ihc poinl A as the origín. The 
lever arm of ihc tope i* L50m For thc leñ ladder. T\\.S0 m}-F t O¿Q m)-(4K0 N :■:!.«) nu so 7" - 322.1 N 

<322 Nlothrcefigurc*l AsdchccL unnv Ihc Ii^ks on ihc nghl laddcr. r<l.50m) - F A [l .80m)-(360 N«0.90 m) 

giva thc ¿ame rcxulL 

<e>The horizontal eomponentof the forcé al .( muxi be cuual to thc tcnxion found in pan <b>. Tbe vertical torce 
muxl be equal in iragrúludc to the diflerence bciween thc *eight of each hddcr and the Ibrce on Ibe boitom of 
caco laddcr. 4K0 N -391 N-449 N-360 N - *9 N. Tbe magmiudc of ibe forec at^ is then 

J|322JN)V(K9N)- - 334 N. 

U\) Theeaxicxt %vay todo thú is totee thai the added load will be dniribuicd al thc íloor in such a way that 

FlmFt 4(a36KR00 NI - 679 N. and F¿ - F, mO-MhHixi Ni -961 S Usng these forcex m the rorm tbrthe 

tenxion found in pan <b) gives 

r r v ;<3.20m>-<480\HL60mi F¡{\M m)-(360 X«090 m) ^ ^ 

ilM mi (1.50 m) 

EvaLuaTE: Thc preHcncc of ibe pacnler incrcasex ihc tenswn in ibe ntpc* cven Ibough hix wighi is venial and 
the tensión forcé is hori/onial. 

11.99. lorvnrt : Apply Iqt. H U| to each malcriáis thc oil and ihc lodmm. For each maleral &p-FíA. 

Stt l e: Tbelolal volunte cbange. AI' M , ¡s relaled lo Ihc distance the pistón movex by AK M - Ax . 
EuitirrE: The change in the volunte of the oil tt t,\ ir ^p and ihc chance in the votume of the xodium is k,*\Ap. 
Setnng ibe loial volume change equal lo Ax {x is poxitive) and uxing Sp-FfA+ Ax^ik^y^^ky^FlA^ and 

=1 4^-' > \y 



( hupirr H 



Kyaji ati .; Xcgkcdng Ihc raltin»: chance of th* oil ccxrapond* lo ictling -O.and it\ ihat cjuc * -^-l,In 



* i* torpe* ulicn A; ix larircr 

IL 100. locvn»Y: Wrítc A(jvJ'>ar -V;>r i mtímuí 6V and use ihc fací ihat ftf'or pK'ac 

SKI i y B 11 si ven by Ü I I J>, 

EXfXirTE: (^Forcon^nticmpcraturc ( A7 - 01. MpV)-<Ap)V * pW)-0*nd 8-- A 



W)' F 



[I ll l i, WT+^Ar)^-» (^j^^^l^lXandfi^-^ll^^ 



EvaUaTE: Wc wilUcc tacrthal ■ - 1 . *o A u Urge r m parí ib). 
ILIIL iDEVtlFY: Appíy Eq,<lM0)ii> calcúlate A/. 

Srrt*: FomceL r-2íixio" Pa. 

EXECUTK: (u)From lütlIKM. ^ (4.50 kg»*> SO m* XI j6 ^2x|Q h m. or 0 66 mm u> two ñgurtt 

<l>) (iJOkgH^HOm/i^fOAlSOQxIO 1 oi,-0a122 1 

<f)Thcmagnitudc F wíD >aty with itatance: theaverage force h K4(OAl250cm// t )-16.7 N, and «i the work 
done by Ihc applKdfcmi» il6.TNKf].05<Xi-- 10 ■" m) -8J5xL0 1 J. 

(d)Thc average forec ihc wirc cxcrl* i* <450 k$)g » 167 N - Ó0.K N. The work done ¡* negalive. and cqual (o 
-<608N)i0 0500xlO ; m) --3.04*10 "* f, 

^ -6.62*10 * m and g¡ ~ 0.500* 10 1 m * x, = 11.62x10 * m.Thecnange m clame poteniial cncrgy i* 

(20*10 Pa)C5.00wlO ro> „ U62 xlO^ «i* -(6.62x10"* in^J-JXMxIO' J. Ibc negalive atibe rcauli of 
2(1.50 ni) 

pan <d). 

EVajxafe: The tcnule Ibrcc ¡n Ibc wire i* eoruitvjtiw and obcvi ihc rclaimn W - ~AU . 



Gravitation 



12 



12.1. lotAim and S*:fLp: Use rhclawof gravitaiion* Fq.(L2.1). lo determine F r 



r (ta ,the nidius of ibc moon'i orbit around ihc canb i* givcn in Appcndix F a* 3HJ * 10* tti + The moon u much 
closcr (o ihc canb than (I b to ihc sun. «o takc (he di*iancc r J4( of the rnoon from ihc «un tobe i^, Ibc radium of 
(he cartlT* orbil ¿round (he *un. 

_ í 1.99*10» kg V 3J4xltf« V = 2 ^ 
f t „ u 15.98x10** fcgj) 1.50*10" mj 

EVAHUTE: The forcé exerted by ibc «un i* largcr than ibe forcé exerted by (he carth. The moon'% rnotion i* ú 
combinaiton of orbrting (he sun and orbit ine the catín > 

12.2* lot-vnrt: The gravíty forcé bcrwccn «pbcricalry syrnmciric «phere* i* S\ - ^'" i,tr!: v <**hcre t ¡& ibe separation 

bciwccn thcirccnicrv 

Mr i p: G- 667x10 " N ■ m' U' . The rnomcat arm for ihe lorque due tocacb forcé u 0.150 nv 
WXEOinz UfForcachpaixof^, F m #***W» A0 MK25.0 kg) = , 

Figure 12 4 in (he textbook wc *cc irut the forcé* forcocb rxiir are in oppoMtc dircciHirrt. so / _ ■ 0. 
<b.Thcneitorqueii r m - 2FJ - 2(1.27 x 10 T N)(0 150 m>- JJtUIO ' N m , 

<c| The (orque ti very símil And (he apparatn* rmwt be very *cftN¡tivc. Ibc lorquc could be mercased by ¡ncrca*ing 
(he maju of Ibc «phere* or by dccrcaMng their scparation. 

Eyau \i i : The quari/ fíher musí ww^t ihtouuh a mensurable anglc when a ururil toruiic is appbcd to it. 
12 J. lDE.vnn: The forcé exerted on ibc partióle by thccanh n >» - , where m is the rna** ofthe panklc. The 

Ibrcc exened by the 100 kg hall i* F - £üL^i , where r ¡* the distincc of the panklc froiu Ihcccnlcrof ihcball 



S0l*S G -6^7x10 " N-ro^g 3 , í-9»0iuV 

1-AKi u: J ■ WglTC* n; - and 



_ 

100 ball uuild ha\c a radium much larger than 0.0261 mm. 

EVALiiATt: The gravitalknul forcé bel 4 A i cen ocdiovy objecti i* veryxmalL The gravitalvorul forcé exerted by 
(hecjrth on obyeer* near i\x surftice i% large ettough lo be in^kortani becau&e Ibc mis* ofthe canh a v<ry Urge. 
12.4* IdevTifY: AppJy I^q (12 2i t gcneralbtcd toany pair of «phcncally ismitxtric obfect^ 
StJ i y nionof ibc centersof ihc ipncrei i%2R. 

EXCCITTE: The magniludc of Ihe gnvitational altraction i* OM'.t2R\ ¿ ■ GM*MtK 

EvaLuaTE: Eq.(12.2)apphcx lo any pair of iphcrically i) h nunetric object*; oncof the object*. docxn*i ha>c tobe 
(he cjrth. 
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12,5* iDevnn: LnefEq.fl 2. 1)u> calcúlale F t cxcrtcd by Ihc earth ¡ind b> Ibe «in and add ihc«í forcé* * vector* 
(a) StT ITp: The Ibrcc* and dittance* are iboi*n in figure 12,5. 

^) [> — í ( J Lct F t and /^ be thc 

_ gra^lationalforcc*c*cncd 

* '-^ * tn Ibe qiaceship by thc 

^ ^ carlh and by Ihc un. 

ligare 12.5 

Exkc i rt ; fhcdiHanee fnwnthc carth to ihc suata r -1.50*10*' m. Leí Ihc ihip be a dtaiancc * frorn thc 
carth; it ta ihcn a dtaiancc r-x ftuin ihc «un. 
f^*/;*ay*lhal Gmm^ ^Cmmj[r-xf 

m^tx* * nwíjr-xi* and tr^xy^^x'im^tMf) 

r- * = Xyjmjm^ and r¿¿ xitt^mjm^) 

x* 1 50Bl ° Jm ^""'tf- (frcmcctiicrofcanh) 

1+,/*, % 1+JlJtxH" kg'5.97*10* kg 



EXKCirrE: U> #^ -(6673*10 *' N W/kg'JfOJOO kg] 



(h) fcVAll ATt: Al ihc jiM,]r/ « htn ±< í¡\n;<vhLp [*n*o thiouyh :h:* p.>:nt iu j^Utjikcj .v 

m i * " b <hta equalforcc puittt ta much clcncr lo thc canh ihan to thc *un* 

12 Jl iDfAiin: Appty fcq{ 12.1) lo calcúlate ihc magmludc ofihc graviiational lorcc cxcrtcd by eacb «phere. Each 
(arre ta altractivc. Thc ncl forcé ta Ibe vector *um of ihc individual forcé*. 
Svi Up: Let *x be 10 ihc righl. 

_ («ofc,> A 1 _,„, 1IV „ V ,,„.„ 

(0.400 m)" (0.600 m)"J 
nutiui *ign mdicaiing a nct íoree to thc IclV 

<b) Ibe torce found in pan (a) ta thc «ta foice duc li> ihc other two tphcrev 

EVALUATE: Thc forcé fiara ihc 5.00 kg *phcrc i* greater ihan for ihc lOOkgxpbcrccvcn though (teman ta leía, 
hecau- . ■ a mallo for ihta man. 

12.7. iDCvnrV: Tbe forcé exerted by ihc mono ta Ihc gravitalional forcé, F M - ítm » m . Thc forcé cxcrtcd on thc 

penon by thc carth ta «iy . 

Milr: : ■ vofthcmoon » iff u - 7.35*10" kg . G- 6.67x10" Nni^fcg*. 
Ivn ni; W ,,;„ i r.M6*.7.IO''N.m'^ 1 iZ^^^ i 2.4.IO'N. 
(b> f pfc -w^í70kg)í9.80na f Si 3 ) = 690N. F^IF^ -3.5*10*. 

tv\u uc Thc forcé cxcrlcd by ihc canh i* much grcaicr (han ihc forcé exerted by thc mootv Thc manof thc 
moon ta le» than ihc man of ihc catih and ihc center of thc canh n much closcr to thc person than i* ihc ccnicr of 



I2.& IDEVTIFY: UxcEq.(l2.2)to luid thc forec eacb poinl mavt exeru on thc pan k le. ftnd Ibe nct íbrec. and uic 
Ncwton's «cond law lo calcúlale thc acccleration. 

Si:f Up: liach forec ñ atiraclivc. Thc particle <rna» m>taa dwtince í; - 0,200 m froio m -S.OÜkgand 
ihcrcforeadBiancc r s - 0.300 m from m -15 0 . Ui vbc tow ardthc 15.0 kg man. 

EXECim ^-^^.^(6.67*10 " N- ip'Ag-)* 8 ' 00 tg ^? - (1.334* 10 ' Niegan . tn the ~x direclior*. 

|0 200 my 

f.-^- f6.67*10 " N -m J ^kg J ) <í5 Qkg> "i'-<L1 12*10^ M\n\m . in ihc +.t -direction. Thc ncl forcé ta 
r¡ (0.300 my 

F t *F u +^,=(-1334*10 1 N.lcg-l. 112*10' N.l£gV«-<-2.2* 10^ H\g)m . a t - - -2.2* 10 * naV . The 

m 

acccleration u 2-2x10 mi , toward ihc H.OOkg HA 

l*i Al t "atu: Thc Nmaller man exertt thc greater fotce^ bccauNc ihc paniclc t% clcocr 10 ihc unallcr man. 
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12*9. EoEvntY: AppJy Fq<12)l lo calcúlate ibe magruiudc of caen gravitainmal forcé Laeh torce is altraclivc. 

SEf LP: rcossesare * v ^7J5-irr J Ly , u t *o i*>' kgjuid m t = 5.97*10** kg Denote Ine conh sun 

scparaiion asi: and ihc carth nmm separa t ion as. a. 



Execlte: <a)(Gw w | ^_^_ r + ^.j^6,30xtír N. loward ihc sun. 

Ib) The corth»moon disiancc i* lufltcicntly unall compared to thc carth*sun disiancc ■*< r%) that ibe vector from 
thc carth ti> (he moon can be lakcn to be pcrjvnibcutar tu ihc veclor from thc sun lo ibe moon* Thc grovitaitotnl 

forecs ore then ÍIÜ^I - 4 14 - 10 ' N and j 99* «y \ , ¿na ™ thc torce lusirosmrudc J .77* Id' 1 N 



¿lid iidMCCtad 24í> : from ihc tiiíeclmti twurd lite sun 



|C ) (C-.J 



-2.37*10*" X.towaidthc nun 



EyaixaFe: Thc net forcé is very dilVercm ¡n each of thc*c ihree positions* cven tbough thc magnitudes of ihc 
Ibice* from thc sim and catín chance very little. 
12.10. IdeviifY: Apply Ia| < 12 li lo calcúlate ihc tmciuiudc ofeach gravitaiwnal forec Each forec is altracüve. 

Sir Up: Thc forecs ort orte of thc rnasses are sketched in Figure 12 J0 + Thc figure shows ibal thc vector ium of 

thc thiee forecs is uward ihc center of thc sujuarc. 

EXECUTE: g w - * = i Cm^ eos 45» A ffoi^ 

F g 2|6.67*« 10 " N -m^fcg'KSOOkg^iwt 45» ^ (6.67x10 " N-re^fcg'MBOPfcg» 1 = fl ,„ llt -i M lrtt „^,i^ 
(O.IOm) J íaTomF " 

cerner of me squatv . 

EvauiaFE: We haxc atsumed each mau can he trcaicd a* a uniform sphere* Lach mas* musí bave an umivually 
toree densitv in order to have mas* HOOke and still tit ¡moa squarc of *h!c knuth ID.Ocm* 



K 



F¡*ure I2.JG 

12.1 1. loEVTlIY: Use Eq.í 12.2) lo calcúlale thc gravitaiional forcé each partiele cxcris on Ibe third nu». Thc 

cquilibrium is stablc when for a displaccmcni from cquilibrium ihc net forcé \* directed towanJ me equitíbriuai 
ponition and rt « unsiablc when thc nel (orce ¡x directed away rrom ibe equilihnum pouiHin. 
Si: r l."p: Fot thc nel forcé lo be zeto. thc two Ibices on M musí be in opnoiitc dircciions. Thtt is thc case only 
u hen A/ 1% on ihe linc conncclin^ thc Iwopariklcs and hciwcen them. Thc frec-body diacram for .i/ 1* givvn in 
Figure 12.1 1. ni, - .W and m : - m r tf A/isadiilancer from m t , it is a disiancc LOO m - x from *w . 

EjrKUTBS (n> F =-GÍ^»a --O. ^LODm-x)*^. ÍMm-x = ±xíV5.Sincc 

i/ ts betwecn Ibe lwo paniclcs. .y musí be Icss than 1 .00 m and x ■ ^ | j ™ ^ m ■ ™ rt ^ P**»"^l il1 J 

ponit mal 11 0.634 m Irom Ibe panícle of mas* iui and 0.366 m from thc panick of masi m. 
<b}(Í) Iflí is displaced slighity to thc righi in Figure 12.1 1, thc atiraclivc Ibrce fromui is larger than ibe fbrec 
from }*n and Ihc net forcé is to ibe righl. KM is displaced xlightly lo thc left in Figure 12.11, rbe aitractive 
Irom 3w is larger iban thc forcé from m and thc nel Ibrce ís lo Ihc IcR. In each case Ibe net forcé » awoy from 
cquihhnum and ibeequilibnum u unstabte. 

(ü) H 'Afis displaced a \ery smatl düiance along thc r axis in Figure 12.11, Ibe net forve ü direcled oppcuitc to 
direction of ibe d»ptacemcm and therefore the cqinlibrium is staMe. 
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EYaijiaTE: The poini xvherc thc nci forec on A/ ii /ero ü cltucr \a thc smallc* 



íl)ni 

5 — 



QDm 



Figure 12.11 

12.12. iDEvnrV: Thc forec F excried by m on M and thc forec /■ exerted b> 2m i*t Alare caen given b\ -Eq 1 12 2i ai 
thc riel íbice b thc vector surtí of ihcsc rwo íbtvc*. 

St:r I r: Each forec ñatnacbvc Thc Ibrcci on Al in caeh región are ¿kclchcd in Figure 12.12a. Let Al be al 
coordinare x on thc r-axii. 

ExeCife; (a) For thc nct forec lo he /ero, f t and F s micti be in onpcuile dirceliortt and thb ñ thc caja: uní y for 
0<x<L. |É film r r -lili ■■■^■■■■■W ^«{I-^wd L-**i^.*raurtbclc: 



I + 



^0.4I4¿ 



ft> r For F ( >0. F t -+0m x -» -t and * -*0 . For x> L , F ( <0. F^ -tOa <-* r and 

f t -» -3Mi . Fot 0 < t "i h ■ F t <Oand F t tncrcaic* íroen -r m Oai .t goe* frorn 0 lo D.4|4¿ t For 

04UL<x <£, /■* >0and F t ímh fromDto *+r as i goc* from 0,4|4¿ lo ¿* Thc graph oí F, vcrai* v i* 
tketched ¡n Figure l2T2b 

EVAUiAfE: Anv real object is nol cxactly a poínt *o it ii not potable lo tuve boíh m and Al cxacllvat i — Oor 
-ni and A/ bolh exactly al .v - ¿ , Bul thc magnitud: of thc gravitalioral forec bciwccn two objcci* approachc* 
¡nUniry ai thc ohteets ecl very elote logether. 
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12.13. IDEVTOY: U¡teEq*(l2.l)u>find thc forcé cxerlcd by cach larec *phcrc. Add these forra as vectora togcl (he nct 
Torce and ihcn ute Ncwlon** 2od law to calcúlate Ihc accclcralioa 
Skf Up: Tbc forcé* «c ihown in Figure 12, 13. 



MUÍ 
-0,60 

Takc thc origin tif coordínale 
poinl P\ 



npM 12.13 

EXECRE: f .C^.C'^W'O^.I^S.IO-N 
* r (0,100 mV 

F é = GÜl^L- 1-735*10 41 N 

f A --^«ntfs-íLTJSWO " N)(0 + &0|- -IJ9xlO *' N 
f^B-^nwtf-^l J35* 10 "NKd60)--»L04xlO " N 
f*.-+F**n0 = *l .39*10 N 
F A = *F t co*<?= *L04x 10" N 
£H ^ ( g.vc* F^+^-^ 
0-*ü i so tf =0 

2(1.04x10 " N)-(0OLOItgk> t 

t ; M ' lo nVs ! . dirccicd émnMd midway betacen A and B 

EVALUaFE: l'or «niinafy *" c objccis thc graviulnnaJ f*wvc 11 very *malU *o Ihc mitial acccIcraiHHi ¡s very 
Mtiall By symmclty ihcrc i* no Komroncnt of ncl forcé and thc v-componcni tí in thcdircction of ibc iwo Urge 
spbcrcs. *iftcc ihcv atiracl thc *tna|] fphere» 

12.14. IDEVTOY: Appty Eq í 12 M ta Pkilo. 

SrttJr: PluohairruM ar-I.SxIQr* Icgindradui* A-I.ISx]0* m. 

(6.763x10 "N rn'kg^ll.SxIO^kg) , . 

E«;cl ií: Eqiai¡on(12.4)givc> jf =i -1 - = 0.757 cnV. 

(USxIlTni) 

EYaUiaFE: y ai thc surfaccof Pluto i* much Icis than g al thc luxface of Eatth. I4 1 124) applic* to any 
*phcrica)ly symnicuSc objecl. 

12.15. iDEvnrv: F - G^2l , *o j - íi—^whm > is thc ditfancc of ihc obicct frorn thc center ol 'thccuih. 

r r 

Sur Ir: A * jV r where A* i* thc diit&ncc of ibcobjccl above thc mi r face of thc catih and ■ 638x10* m 
thc radiui of Ihc canh* 

E\*;c 1 fe: To decrca&c ibc accclcraiion áuc 10 eravity by onc-IcnuY ihc duiancc from thccctiicrof thc canh 
must he tncrcased by a factor of J\0. and *o ihc di%tancc atxjvc thc *urfacc of ibccaith ¡s 

(JTO-lta =1.38*10 V 

EvaLiiaFE: Thü teighi ti aboul twicc ibc radniürf thc canh 

12.16. Id*-Mim: Apply Eq k (12.4) lo thc carth and lo Venia. w=mg. 

sm 1 1' i: lili- su r.i-, *» v = 0JlSm t «id 1^ n - i-;.' H| mí ( =75.DN. 
(b) m v - = OWm ^ IOW5K75.0 Ni - 67.9 N . 
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EVALUATE: The mas* of thc rock i* indcpcndcnt oítt% kicalwn bul ¡ti wcight coaiaIs ibc gravitational forcé on * 
and t!ut dcpcnd* «n it* locatioiK 
12.17. (a) ImiMiKY ..■ M.iUr: Apply t!q.f I2.4)to thc carth and to Tiuna The accclcrarion duc lo gravily atibe 

¿iiríace ol . ur ■■ U given by - OmjJfí , wherr m t i* ib mas* and R v a ils radius. 

Forihccanh. «Oit^. 

ExKCt'rr.: For Titania, "i - m,. 1700 and A, «J^fl, so g, _£^i__^V^W _ |£¿¡!jLi0.0377g ( ¡. 

A*; f*V§) 11700/ Jt 

Sinee g t -9R0m*\ -(0.0377X9 + 80m^)-0J7 mV. 

EVaUAI £: # oo Titania re much vnallcr ihanoncarth. The * malla" nuu reduce* # and is a grcaicr cArci 
(he smallcr radiu**which Ulereases g* 

{b) lD&vnri jjh! Skf Up: Use dctteiiy ■ maMi' volunte. Assumc Titania ñ a snbefe, 
EXECUTE: FromScction 12.2 wc know thal (he average dcnsily oí thc catm ¡s SSOOkgm 1 . For Titania 

¿rt; ¿^ift si 1 iTxio i?oo ^ * 



Evaja AFt: Thc average dcn%ity of Titania i* aboul a tactor of 3 smaltcr Iban fot carth Wecan vmlc £q(\2A) 
for Titania a* tf, -t*G*i/V g t bothbecausc /*. <a andJJ,<AV 

12.18. Ideyiify: Apply ISq.< 12.4) lo Rhca. 

Ser L t p: p*mfV . Tbe TOlumc ofa snhete i* PwyjrJtV 

EXJtuTE; A/ -^5- * 2.44x10 a kgand — — -.-1.30x10' kgW. 

u (4t/3)£ 

EvaujaTE: The average dcniity of Rhea ¡* aboul onc*fourth thal of thc canh. 

12.19. IdEVTIFY: Apply Lq {12 2i lo thc ustrunaut. 
Svttfe jw 4 »5-f7n!t* 1 kgand A\ -6.38*10* m. 

ExECITE: F ^5-, r-ÓOÜxlO'm**, so F = 610N . Al ihc wrtaccof thc carih. v» -*rgí735N. Thc 



grav»iy forec i* ont /ero in orbit. The saicllitc and thc astronaul have thc same accclcraikm u> ihe atironaur* 
apnarent wcighi i* /ero. 

EVAUATE: ta Eq.(l2.2K'- b thcdbianccof thcotycct ftoen theccnlcrof ihccarth. 

12.20. lotAiu^: -6-t. where thc «ubtcripl n refen lo thc neutrón Max. u - Wíí * 

Stf Lp: * ^100-10' m. m - 1 99;- 10* ka Vour maxsB m» — * 67JN ,»6»9kg 

B g 9.80 mv ^ 

(Í0.0xl0 l my 

Vouri*cight on thc ncuiron itar «-ouldbc t*, -mg t -{68.9 kgKl J3xl0 ,J tn ^. ) - *> lf> * 10 N . 

KVaja afe: Sincc R vt much Icm than ihc radius of thc £iirv ihc gra\ ítational fotec exerted by thc neutrón *t 

on an object al iix surface U ünnicn»e + 

12.21. (üt-vn*\ and Sur L'P: Use ihe mcosurcá cnivitatíonal Ibrce lo calcúlale thc gravitaliotud consiant i», usíng 
Eq.< \ 2 h Then use Cq (l2.4} tocakruUtc ihc mais of thc cojth: 

EXECiriE: F n G ** 0 ^ 

* r J -iii (IU'KjUh-V'W-. 10 kgt 

* 1 C 6.667*10" N m.kg- 8 

EvaJaiaTE: Our rcsult agrecs witlt ihe valué given in Appcndu F + 

12.22. loEvtlfY: Use Eq.(L2.4> lo calcúlale g for Hurona. Thc acccleraiion of a p&rticlc moving m a circular paih is 

su L t p: ln » riu" . Aimust be m rads. For Huropo. R- 1.5*8* 10' m. 



¡.-i, <ó.67*10 l * Nmkg'lHlUlír" kg) t ^ 

7^ (1.569x10* m>' * 

60% Y I rcv \ 
— — I I- 5.2R rpm . 

I min A 2js rad / 



1 ^(0.553 rad*) 



KiAH Ui : The radiu* ol Luxopj ii aboui onc*fourih ihai of the carih And i mau i* about onc*hundxcdth ihat oí 
cjrtth sojfon Europa U much Icm thanjf on carth. The lander woukl have Mime ¿palia! extent *o diffcrcnl point* 
on ¡I would bcdilletent di*tance* from ihc rotaiton ax» and d tW would have difieren! valúe*. For the 

cakubtcd, - g al a poini ihat n precuety 4*25 m froen the roiation axiv 

12.23. iDCvnFV and Ser Example 115 gtve* ihccieape *pecd a* v-JUi.tfR. w hete M and fiare the mu» and 
radiu* of i he aitronomical objcei. 

Exr.CUTE: i; - ^2(6.673*10*' N nT'kg^^xIO 1 * kgl'TOOm - 0.83 m*. 

EvaIaiaTE: At thrs *pccda peruw con i*alk 100 m in I20s; ca*ity achieved for the a vera ec pmm. Wecan 
write ibe cicape *pccd ai v, - yj^xpCR' + úñete i* ihe average den* ¡ty of Dactyl. It* radiu* i* much ¿rnaller 

trun canh'% and ii* dcn*ity i* about the ¿ame, io ihe escape «peed i* much les* on Dactyl than on cirih 

12.24. lOE-VTIFY: In part (a> u*c ihe exprc*tkm tor the e*cape ipeed thal ¡¿derived ¡n Exarnple 12.5. In pan ibj appk 
con*crvalion of encrwy. 

Si:f Vwz R -4.5x10* m . In part (b) kt pouit I be ai the surfacc of Ibc corneL 

WW £,=0.100*,. u,-——;U,——~. k.-.u^k^u^^ 

- J-!í^^^0 IOOKT^n — Solvmg íbr rgivei 
Jí r 

I I 0.45íh; I 0.450(1X1 mNf A . t 

— — ■ i and j - 45 Lm . hOlhc debrii. «cw 

r R GM 4.5-10' m (6.67*10" N m h y ni^diy kg> 

lose* allof iteinitial kinelic cncrgy. bul A\ ->0a* r-+x. The tarther the debré are from the come*'* center. ihe 
¿mallcr t* ibcir kinetic eneruy. 

EvaUiaTE: The ácbtis wí\í ha\c loit 90.0% i>f iheir íniiíal kinetic enet^>' when (hey are al a d»unce ftum the 
cometí cerner of about icn Itme* the radiu* of the comet. 

12.25. lotvnn : The encape ipeed, from ihe rc*uli* of Lxarnplc 12.5. a JlGMR. 

SLflPz Mi V*6.42-10 :i kg and í-3 40xlCT m> Fot Júpiter. M -1.90*10' kg and 
R-6.9\*\0' id. 

EXKUTts M v = 1 /2(6\673xl0 tL N m^^^xIO 31 kg)/(3.40xir/ m> a 5.02x1o 1 m* 
<b)v^^2(6.673xlO +l1 N m J Ag J (l.90xlO' T kg>\6.91xlO T m)-6Xl6x|0 4 

(c) Dolh me kinetic energy and the graviialional potenlial ene rey are proportional lo ihc iruMof ibc qtaeecrañ. 
EvautaTE: Example 12.5 cakulatci the escape ¿peed forcarlh tobe 1.12*10* m*.Thb ti largcr than our 
rctuli for Niar* and le** ihan our remlt fot Júpiter. 

12.26. IDKCTIFY: The kinetic eoergy Í*A' = yivn^ nd Ihe polential energy ■(/■ <t1j "' 

SiifLp: Ibenauofthcearlhi* M t - 5,97* |fr* kg . 

ExiCims <a> A-V629kgH333xlQ k o*) 1 «149x10* J 

(h\U- GU * m - ^^xlO"N m->l:g ; K5 J 97xl0^kgM629kg> , 

1 r 2S7xl0 ¥ m ~ ' 

EVALUATE: The tola I enersy k r+í/ ».poMtivc 



12-* Owptrr U 



12.27. Ioiaiim: AppJy Ncwkm *2nd law to thc molkm of thc ¿airltitc and obiwn and cquaixm ihtf rcUtc* thc orbital 
*|vcd i ti> thc orbital radxu* r. 
Sur Up: Tbc dütincci are shown ¡n Figure L2.27a. 




Thcr^iiwofihcorbu k r-h + f{. 
r- 7.80x10' mT6.3fi*IÜ* mml. 



Ftywv I2.27u 

Thc frcc-body diagnim for (he laicllilc ¡sgiven ín Figure 12.27b. 



3f 

i 

Figure J2.27b 



TJ r \ 7.16*10* m 



EvaUiaTE: Xolcüui isihc radiu* of Ihc orbít, rncaiurcd from thc cerner of thecarth. For thii 

¿aicllitc r ¡* greater (Km for (he *aiclliic in Fxamplc ! 2.6. io iti orbital ¿peed b le» 

12.28. loiMin: Thc lime lo complete onc orbil ú thc period F. given by Eq4l2J2> Thc qiccd vof Ihc mcliitc ¡* 

givcn by v - ^ . 

Si:f UP: If A i* thc heijht of thc orbil Ame ihc canh*% surfacc. Ihc radius of (he orbtli* r-*t/f t . 

-6 a ■ !'i mmá m k =5.97x10* kg 

„ 2^' v 2ff<7.05-Í0 s m*5 t J8xir/mV' , rt- , , „ . 
EXICUTK: (u) r — - , -S.frlxio' ^W) mm 

J<¿*>t ^<6.67xl0 '* X nv\kg ; H5,97*ICr* kgi 
(b) •""^"gf" "' ^ "^■tf ^-7^91^ 

EvautaTE: Thc jatcl lite Ín Exairftlc 12.6 n at a lowrr aJntudc and ihcrcíorc ha* a onallcr orbit radiu* iban thc 
satcllttc tn thu problcm. Thcrcforc. thc laicllitc in thu problcm ha* a larger períod md a imalkr orbital «peed. Uui 
a large pcrccniagc chance in h corrc*pond* lo i símil pcrccntagc chance in r and thc valué* of Tand \ for ihc iwo 
*atcllitct do not difTcr vcty much. 

12.29. iDEvnrv: AppJy - malo thc mononof thc canh atound ihc mn 

StfUP: Forthceanh. M»5.3 1 lay* 3 I56x 10 i vid r-L50*IO" ra T-lfl. 

2t/* :-.[ 50> 10 :m t _ ^ m.Jn, r* 

EXíXtíE: v= ■ ■ i 2.99x10 *♦ F. -flw. gira 6 ■ - m. — . 

T 3.156x10 s í" r 

, J ^ B <^ 9 » >< »' ^ K5Ox ' tf '. in U2.01xlQ > ' kg 
C 6.673kI0 M N m'V 

EVAUiArE: AppendÁ Fgí™ itr^ -1.99*10^ kg. in good ¿greemenl with our cakuUtion. 

12.30. Ioí^iim: We can calcúlate IheorbiUl peñod Tftam thc numberof rcvolution^ perday. Tben thc period and Ihc 
orbil radiui ate rebted by I q 1 1 : 1 2 ). 

mi Vfz M t -5.97x1o 1 * kgMid R i -6.38x10* m . Thc taeíght h ofihe ocbil abo\e ihc Mribsi of thc eatth » 
rebted (o thc orbit radim/ by r -ft - K I day -8.64x10* % . 



Gnvítitian 12-9 



EXECUTE: The at el lite irwvrx 15.65 rerolution* ín R.64x|0* * , na the time for LOOrevohilMmi* 

yj'^ 1 " 7 *^ r-MSxltfmmid 
J^-J.7xl0*roO70km 

EVALUATE: ThcperiodortKkxaldliiciixlightly brger Iban thc períod for ibc lalcllrk tn Kxamplc 12.6 and thc 
alulude of ih¡* ¿atetille t* ibcrefore *omcnhai ercaler. 

12.31. iDEvnrv: Appty ^F -ma ti> Ib; mobooof thc baietall i ^-11 
SEI LÍp: /í.-óxIO 1 ra. 



r á , „ „ui v 1 tam tt <o.673x10 1 X m WhIOj-IQ 11 ka) . 
EJBCI ffj (u) / ™ . uive* 6— i^— - m — . v- 1 — - - j- — — -4 / ms 

#¿ r e 1) ^ V 6x10 m 

4 7 ni - 1 1 mph . «tiieb u ■ ■■■ lo aehieve. 
2rr 2Wfix1D*ml 

(h) r ■ ■ — S020 s - I te mrn The aimc uwld ton ■ Urna time. 

y 4.7 mta 

EVALUATE: The «peed vúndatívc ft> the cerner of Deirno** The baseball tvoiiki already havr *peed hefore 
wc ihrow it, bccauie of Ihc rotai tona I motion of Deinxu. 

12.32. iDtvnrv: T^^L. and F. bal^. 

v 

Sur Ue: nú» m, -1.99*10" kg.The radiut of Mercury** erbít i* 5.79x10" m , w> ihe nlM of 

VukarT* orbil ii 3.H6* 10" ra . 

_iH t m _ . (iiw. 

Exixufe; F -md^ eivci G—¡-~m — and - — — . 

r r r 



V<^% jCnr t J(6.673»I0~" N m vkg Xl.99xl0 kg) 
EVALUATE: The orbital per ¡od of Mcrcury i* 88.0 d t *t> «y ctmld calciáaie Tfor Vulcan a.t 
T - <88.0 dM2* 3)* 1 - 47 9 da>* t 

12.33. Idevfift: The orbital *peed ¡¿givcnby v- *¡Gm7r , wherc -w i* the mas* of ihc ilar, The orbital period b givcti 
Skf Up: Tbc son ma*a «i ■ L99* I0 1 * kfi . The orbii radiu* of ibccarth n 1.50x1o 1 ' m 



EJOKims 00 v-JGm l r, 

v=^(&67SxlO -u Nni 3 /kg-X0.85xL.99xlO l * ^«1^0x10" mX0.M))-S27x|Cr io'sl 
<b) 2««/r« t J5x ICT x = 14 5 da^ (about m^o 

EVALUATE: The orbital period ü \a* iban the SK day orbital per iod of Niercury; thb planet vt orbíting ven- cki«c 
to ¡ta ¿lar, eoirftared lo the orbiial radiut of Mercury. 
12.34. Id*-MHy: The period ofeaebrateHile iiyhenby ^ (12. 12) Sel up a ralio involving Tandr 



= (6,39 da>^)¡ 4S * Q0 ° ^ I ^24,5day*. Fot 
19.600 km * 



EVALUATE: rinereaie% *bcn r increasc*. 
12.35. Jiti m \\ \ : In pan (bi apply rite rcuilti ftom pan U> 

Settts - I ■ ■. r-024Sand a- 5.**2^llf m. ForXcplune. * - 0 (lid mid j 4 50« ICr ; ro The orbital 
period for Pluto \%T - 247.9 y . 
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tMici FF-i (a) The rc*uh foltow* dirccily from Figure 12,19 in thc tcxtbook 

í>)TI*cliwidisiaJwcíorPiutott 11-0 248H5.92*l0 ,, ro> = 4.45* lO^m . The grcaicrt Um for Ner*ur*e fci 

ti * I.HIHIM 50- IÜ nil - Á U- ni 

(O The time ii ihe orbital period of Piulo, T ■ 24S y . 

Evali aff.: r^to* clo*c*t dbtaiKC cakuhicd ¡npart{a)i* 0.10*10'* m 1 0* JO' km . so Pluto i* ahout 
1Ü0 millkrn km closcr to ihe *un (han Ncptunc a* is *ratcd in ihe problcm. The ccccntricity of N"cpiunc*s orbil is 
srralL *o it* dblancc from thc mu i* afirwoxEmatcly con*lani 

IU6. iDEfnm r - M ; ' tk Jtir ' kj '*" r«^^. 



Srr I 3.09d*y* = 2,67* I0 l * .Tbe orbil radiu* oí Mmy i* 5.79*10*' m . Tbe nwof our*un i* 
1.99*10* kg. 

Emcitf-: (u> f= 2.67*10* *. r = (5.79*10" mX*> = 643*10* m . r ^ 

4vrV 4* I (MJ*10' mV - nt.. . M . 

IB a — - — ■ ■ ■ - 2-21 k 10 klí . — -l.ll.io at m ] . 

* (2,67*10' *)'r647*IO-"N mMcg> 

„ 2.rr lff(6.43*IO* m> . lfl t t 

OH ' ■ --1.51*10 

T 2.67*10** 

KvAJ i íaTE: Thc orbital period of Mcrcury i* HROd. The period for thi* pUnel rcmuch leí* pnmanly bccaiMC Ihc 
orbil radiu* ú rnuch leu and abo bccau*c Ihc mas* of thc *tar is greater than ihe maM of our sun. 
12.37. (a) Joimikv: If thc orbil i* circular. Newton **2rxllaw t^irc*apjfikularn:latÍonbctweenitiorhii radius and 
orbital specd. 

Stí 1 i': Tbc / i . ' 'íonal torce exedned on ibe spaeccrafk b) ibe sun u ^ - Gm^mjr 1 4 whcic ni, n ihe man 
of tbe mnand m ít i* thc ma*s.of thc Helios D ¿paeccrafl, 

For a c rentar orbil* <? r— ■ and -rtr t ,r"'>. tí wc ncglcci all forcé* on thc *pocecrac1 except rbr tbe forcé 
e*ertcd by ibe *un. J¡ m £r - «V'V. «o Gm,^ - «^/r 

EXUCUTE: i > = ^O^r =^6.673x10'' N-m'ftg'Hl^lO 10 kgV«* 10* m =5.6*10* ir»*=S6knv* 
Evaihii: Thc aclual *pecd ¡* 71 km t. *o ihc orbil carinol ta circular. 

<n) lotvnM ojhISkf Lp: Tbe orbil ¡* a cirek oran cllipie if itiiclos;daparaboborh>perbolaifopen. Thc 
orbil i*clo*cd if ihc lolal cncrgy (kinetic t poteniial) b negaiivc, *o that thc object cannol reach r-+*. 

I*\*:c i ff: For Helio* B* 

JC = ;<i^r =^,(71*10' m*)'=(2.S2*l0*mVH» 

rV--Cni^/r-« w iHfA6n*IO 11 N m^g^l-W-lO^kg) ^* 10 V ro)) = HJ.09*10* roV)m M 
f mK trV "(2.52*10* roV>« H -|3.09*10* m J V)in^ =-(5.7*10 l nfV)m H 

EVaLUaTE: Thc toul cncrgy £ b oegalive. so ihe orbil i% closed. Wc know frorn pan ral thal it b nol circular. *o 
II muiibeellipticaL 

IUi. loiA iirv: Seciion 12.6 tlatei thal íor a pi):nt nu^outsnlc a sphertcal *hcll thc gravitaitoral forcé n ihc saine ai 
if all thc mas* of thc *hdl wcre coorenlratcd al it* cerner. It aUo*laics that for a point ins»dc a spbcncal *hdl thc 
forcé i* /ero. 

Sr.r Lip: For r-5.01 mthe poinl ñau i* outstde thc *hetl and for r-4.99mand r - 2 12 m thc point nu** t* 
iruide thc sbcll . 

EXECUIE: W(i > F iB ^-íM7 M IO-"HWV) tf ^^ 2 - Wlt »' a 5J1x»-'M.(li) F. 
r (5.01 m}' 

<b) For y < 5.00 m thc forcé is /ero and for r > 5.00 m thc forcé i* proporciona! lo I V Thc graph of F r ^r*u* r 
i% iketched in Figure 12.3H. 
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Alt ".\rt: Imidc ihc ihcll ihc graviutional potcntial eneniy u contfant and ibc forcé on a potnt mAi ¡naide ihc 
thell i» 




12.39. lot-MiH: Sccixm 12.6 *latc* th.it for a pomt irta** outüdc j unifbrm iphcrc thc gravitaiumaJ forcé i* thc *aroc as 
if all thc ma** of thc sphcrc wcrc conccntratcd at it* ccnlcr, ti abo «tale* ihat for a point mai» a dirtancc r from thc 
ccnlcr of a uní lorm ¿phcrc* whcic r i* le» than thc radiw of Ihc «phcrc. thc gravitaltorul forcé on thc point nuu is 
thc xamc ai thou&h i*c removed all (he nu« at poinfc farther than r from ihc ccnlcr and conccniraicd all ihc 
rcmaining man al ihc ccnlcr. 

Sur Cp: Tbc derteity of the*phcre i* p~— ^-.írficreM i* thc man of Ihc «phere arri ¡& iti radiirc. Thc mau 



ftadius r<Ji 



r - 2,50 m i* incide Ihc sfihcrc 



II «1 ll J 



[6.67x10 N ♦nV.'kg* ) 



«SÍ mV 



5JI*I0* N. 



F, -(6.67*10" N-m J V) (125kgK2JK ! kg> B 167x |Q* N. 
1 ^ (2.50 mr 



12.19. 



EVAUUTE: At poinL* oubide ihc i phere Ihc forcé on a point m&t* i* Ihc sunca* fora *hcU of ihc «me mas& and 
rjdiu*. Kor r < R thc torce b diftcrcnl in ihc hvocasc* of unifomi &phcrc vereu* boíl™ «hcll. 




12, JO, [DcvtiFV: Thc gravítational polcntial cncrgy of a poinl of poini mavtc* i* V = -G — ¡ — - . Divide Ibe rod into 

r 

mliniicitmal piecciand intégrale lo tlnd tí. 

Si.r Up: DivvJc thc rod mío diffcrcniial mauc* d/n at rmifron/* mcjsurvd from ihc right end of thc rod. 



EJBCims (U) u =- 



£ Ni 



InicgratiniL tr - GmM (* dS = S ,mSt t»{ i + L | Fot a: >> £ . me rwiural touanihm i* -(tól.nnd 
£ *• /♦* £ l a:í 



Ej-Wmc.i/'i 
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- „ . . t - SU GmM i-Ltx 1 ) GmM 

ih) íbc vcompfrem oí thc giavitaijocu forcea» (he sphcrci* F a- ■ a- — . with 

thc rrunu» *ign indicaiuig an atiracrtve forec A* * » £ » thc denominau* in thc above exprcuian approacbcs x" , 

Má F t > -Om\t * ■ . ttCXpccied 

Evajaafe: Whcn x ¡s much larger than ¿ Ibc rod can be rrcaicd a* a poini nu*. and our repulí* fot 1/ and F t do 
reduce lo thc corred expresión whcn x»L. 
12.4). lOEVtltY: Find thc potcntial duc lúa *ma)l «egment of Üic ring and intcc,ratc «ver ibccntirc ring tu fínd tbc 
total [/. 
<a) SrrUF: 

im \ m 

Divide thc ring up iniu irnall 
¿cgmenfci d\t* a« ¡ndicated in 
Figure 1X41. 



ExEC'l-f E¿ Thc gravitahoiuj potcntut ertcrgy ot'iM/ attd m i* JV - -GmJM't*. 

Thc iduI gravitaltonal potcnlial cncrgy oí ihcnngandpofticlc» U « jdU --GmjdWr 

Bul r - Jx' +■ ií' u thc «ante Ibr j) I scgmenLs of ihc linc, tu 

Gm # GiilI/ i ■ ■ ■ . ' ; 

— * - / * 5 

^X^ +JT 




(b) EyaUtaTE: Whcn x»a* Jx*Ta* - x and B-Gmift*. Thii i* ihc gravnational potcntial 

cncrgy of two point maste* «cparaicd by a diitanccx* Thii i« thccxpcctcd rcmlt. 
;olntMin '..iScr Up: Use F^-dUfdx wíih t r (.v) fnxn pait (a) u> cakuUtc 

rfl/ di GmM S 



f - -írtwAíx'(x" td'l* 1 ; ibc minu* *ign mear» thc forcé i* atrractive- 
EVAíxafe: (d)For x»d* (a'+tfV 1 -*!.**)* 1 *** 

Thcn F A ■ -(ímA/x.'x* ■ -OaA£'x\ Thii ti thc forec belween two point m;iwi «cparaicd by a ditfancc r and U thc 
cxpccied rcmlt. 

{el Por x - 0, U - -GStm a. Each irnall ¿cgmcni of thc ring i* ihc «ame dbtancc from thc ccnlcr and thc potcnlial 
tii thc *amc ai that duc lo a poinl charle of man M locaicd al adüiancca. 

Por x - 0* F a - 0 + Whcn ihc panick i* anhcccntcrorihc hnjí A i)trmicirKalK'placcd%cgmcnuofthcringcxcri 
cqual and opptwitc forec* and thc loial forec exerted by thc ring is /ero. 

12.42. lot.N iu^: At thc cquaior ihc i4>jcci ha» ¡nuard accclcraiton — and Ihc rcatbn^ w of thc balance tv rclaled lo the 

truc wcíghl h', ithc eraviuuional forec exerted by thc earthk by % - w- Al thc N'onb Polc + - 0 and 
w-ir r 

nj i l r :i inSection IM, i - 465 rn i . A\ -6JS»LCT m. 

EXECUTB: ^-*75Nand m - - H9.29 kg . w-ik,- — - 875 N - (89.29 ku> <46S m% * - 872 N 

y 6\3Ky]ITm 

Hx aii \n : Thc rotanonof the earth catate» the scalc readíng to be slightly \c%s iban the truc wcíghl* «¡nec there 
nuut he a ncl ¡nward forcé on ihc objccL 

12.43. liit\nt\ jtjíI S#;r Lp: Ate Ibc north pule, ^-H^-rtig,. where g, i*, viven b> Iq i 12 4j applied t*> Ncptunc. 
Al thcequator. theapparent wighi iigivcn by I!q{12-28K Tbc orbílal qiccd v U obiaincd from the 
penod uting Eo/12-12). 
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IAimii: <•> ,:■■■/.' -(6,673x10 " N-m^kg^l-OxlO* kgV<2.5xlO' mi* -107 en*' Th» agrec* wíih 
ihe valúe ofg gíveo üi thc probkm 

F- n t -mg t . -{5.0kgXi07mV>-5.* S ibis U thc truc «eighiof thc object. 

■lü i ■= . i ■ ■ :h tf=n;-«^ 

- 2*r 2xr 2x\2.$* JO 1 mi lrt i . 

T- gire* v- — -2.í27x|0 mii 

ftyt- (2.727x1o 1 »^O5«l0- m =0,297 mtf 
Then K*S3NH5.0kgH0*297roV) = 52N. 

EVALUATE: Thc apparcnl wcight a tes* t!tm thc tme wcigbt. ThU clTcc! ¡* brger on Neptunc ihan on carth 

KOI 



12.J4. lOEVTOY: Hicradiu*ofahlack holcand lUmav aie rclaicd b> # 

Ser Ur: = 0.50x10 m. 667x10 " N < m'ftg* md * ■ .Hn>- hV nVi. 

EXULTE: " - ^ , P JOKtf m^<0.50xl0 " m) 

2G 2(6.67x10 - NnTkg') * 
E VALIATE: The avetage deroity of thc black hülc muid be 

p- . - . i = 6.49 x 10** kfiW . Wecan combine and /t ■ I lo uive 

T*J¡# 4^(0,50x10 mV ÍTit er 

Je* 

** ™— The average dcmity of a bbck hole hmMI wbet» it* nu« dccreajci. Tbe average dcn*iry 



of thb miní black hole ti much fpvatcr than thc average den* tí y oíthc much more mawvc black hole ¡o 
líxamplc 12,11, 

12.45. IDEVTOY and Ser L'p: A black hole w¡lh Ihe catih'i man Af ha* (he Schwanr*ch¡ld radium R i gíven by 

Exici ft; A fc -2(6.673x10 " N'm J . r kg J K5,97xlO*' kgH2.99Hx 10* mú)* =NJE65h I0' 1 m 

The mío of A, lo the cunea radium R \% ^/A-S.H65*10 * nv6.3KxKT m= L39xl0\ 

EVALUATE: A black hole with thc canb's radiu* ¡* very «rnall. 

12.46. iDfAiin: Appty Eq>{!2>1) lo calcúlate ibc uraviiational forcé, l'or a black hofc, ihc mai* */and Schxvarochild 
radiui^arerehicdby 1 12 30^ 

SKI L p: Thc ipeed oflighf he* 3.00x 10* ra * . 

■«era » ^■ S= 7- i -^? i 

(S.OOkgl|3.0Ü*IO* mfe)*ll.4xlQ'*m| 

<b) ! ^f*— " ! , 350 N. 

2(3.00x10* m) 

Pf' (14.00x10 1 oí) ÍMOxlV m*)' ta 

<c) Solvinc Euf 12 30} íbr M -1 , Ll ( — L_944xiry' kg. 

X ' 2G 2(6.673x10 " N*tn .'kg ) * 

fcvAi i aff_: The rnai* of the black hole ú about twíce the nuu of ihe eanb 

12*47. IdevT1F\ : Thc orbital &pccd fbr an objccl ad»i4iKc r from an obfect oriDJLti.i/ix v - . The man of a 

r 

black hole and iU Schwar^schild radium A^are rcblcd by 12.30). 

Srr ^^3 00x10" nV*. 1 ly = 9.46lxiry* m 

EXf.CtTE: 00 

G (6.673x1o 1 N m'kg ) & * 

(b) No, the «bjcci ha« a du» very much greater iban 50 

(c> jV. ■ - ll_ ■ 6 J2 ' 1 0 " m. whkh do» úi 



EvauiaFE: Thc SchuarAcruId radium of a black hole » appruximaicly thc same as thc nidius orKletcury*i orbit 
utiurd thc *un 
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Inr 

MAS. Ji>i The clumph «ibn (hebbck Me. Thcir speod. orbil radiu* and orhrta) pcriod jjv rdattd hv v- 



Thcir croit radiuiand period are rcbtfcd (o ib: nu« .l/of ihc blaek holc by T 
holc"* cwml borüon i* rclaied lo ihc im» ofthe black holebv p _ 



TTk- i:idiu*of thc U&cfc 



Skt Ve: r-3M* I0 ? ra*. T- 27 6-9.72x10* *. e = 3.00*10' ra* 
EXECRE: Q P— lflf ') ,4^4x10" m . 

^gaT Tít 5 ^ (667x10' N.n ¡JrniTSÍía 1 *r 



2G*W 2(6.67*10 11 N*m : kg 3 H626>ílO i * kgl 



EvaujaTE: The black hok ha* a mus that i* about 3* 10' 
IU9. IdcVTIFY: Use Eq,f 1 2, 1 > Id find cach graviiattanal Torce. Kaeh forte i* aúneme ta part |h» apply 

of CDCTgV- 



Sk? L t p: Fx>r a pairofmaiscs ui and m, uitb *epami»on r, G_LJ 



-9.67*10°N 



Exf.CI tk: (u) From lYmmctry* ihe nci era viiat tunal lotee wll be ta ihc dircction J5~ from (he v a¿¡» fhUccting 
thc * and y axc*)* wiih raagraiudc 

F.(6.673.l0"N m J *g i H0-0150k 8l [ |10 * B> . +2°****. *n4S 
B " 6 -<2(0.S0m| J ) (O50n)' 

(b) Tbc miiial di aplacente tu ü sa Urge thal (be tailtid potcniial may be takcn lo be /ero. From (he w**k'Cncrey 
ihcorcm. —m^ ■ (7«! Jf^^ ) 4 " (q sq^) ' ' 



numérica I ta luc* une* \ -í.02'10 nvv 

EVAUMTE: Thc rcMilt in rart ib) i* ¡ndependent oflbc mmof ihc rurtick. ll would lake ihc particle* lona lime 



12.50. iDEvnrv: U*e£q.(l2.L>u>CAlcubieeachgravilat¡onal (orce and add inc forcé* a* vector* 
ÓOSetUp: The localice of Ihc nui*e* are ¿kckbed tn Fiuure II.SCü. 



Section 1 2.6 provea ihaft any t«o tphcrically 
lymcictnc rtun*ci inlcracl z¿ though Ibey 
wcre pomi ma»ct with all (r 



^ m 



Ufar* I2.50u 

The Ibrce diauiam fot m t a given in Figure 12.50b 

-i 




costf-O.KOC 
iintf-O.MÍQ 



r, t (4.00 m) 

1 TIT (SJUmV 



f¡,* -1.251 "I0' M n. /; ^0 
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F u fc-FjCíwtf- -OMnIT 1 NMOSOO)- -8544x10 " N 
F u »+F*«n0= 1(1.068x10 " NxO.600); +6,40Rx lo N 
F t s F lt + = -1.251x10 " N -8.544x10"" N - -2.105x10" N 
= 0+6.408x10" N = »* + 40S*IO" N 

/■"iiiil ils componente are «kclchcd in figure 12.50c. 

F = Jf-L105xl0 *' N) í t(46J08xlO" M NJ 1 
F = 2*20x|0 ** N 

F -2J05xlO* v N 

Ffcure 12.50c 

Ev.ut \ n ; Bo(h ¿pheret atiraci thc third *phere and thc nci forcé is in thc «ccond tnjadrant* 
(b) Su l.'P: fot thc nci Ibrcc lo be zeto Ihe frtec* from thc rwo ¿phere* musí he iqual ta magnitud? and **ppositc 
in directíon* For the forcé» oo ii lo be oppo*Ítc ¡ndircction (he ihird ^pbere muit beon thc r a* i* And bciwccn thc 
aihcr vwv xphere*. The forcea on ihc third sphere are *hown in Figure L2.S0tL 

C\tíHTt: F^ = 0 if F t = F i 

/ <3.oooi- ? y 

60.0 80.0 
~7""<3.O0m -r) ! 



ti. 



JSoDr - ^600(3 ,00 m-y) 

(^SOO^ J^Oh -O «0 m)^/6O0 and i ^ I 39 m 

Thui thc tpbere would luvc lo be placed al (he pomt f = 0. ^ - 1 .39 id 

i i s \t y \ff.: Fot ihe lotee* (o have (he same iragtUiudc the third lahcrc musí be cloicr to (he *pbcrc ibai 



12.51. lo*A'n*\: r - Fr%in+. Thcncl torque w ttaunitof ihciorqiraduc tocach forcé. 

Skf Up: From Fxample 12.3. u*ing Ncttion's Ihird bw t the forcé* of thc «malí oaroneachlaruc Mar are 

¿¡ a 6.67x10" Nnd F¡ =1.33x10* N . Leí coiinicrclocki™: lorojc* be r**ilrve, 

Exixite: (ti) The directíon from (he origin lo me poini nudttay betwcen Ibe iwn large tfari i* 

a»ctan< a ' ontn ) = 26.6* whtch t% rwl Ihe angle i 1 4 6 P > found in ihe exampk 
0.200 m 

{!>) The common lever arm ii 0. 1 00 nv and (he (bree on ihc ufiper ma» » at an anglc of 

45 a from the lewarm. Thenel torque u - Wil 00» lú m)stn45 D - f^(l.00x ir/ 7 ro) = -S.SSxl0' 1 N m, 
with the minus siun indtealing a clockwüc totimc. 

Eyaii afk: (c) Thcre can be no nct torque dvie lo gravitai tonal fickl* with retpcct lo me center of graviry, and *o 
(he cerner of gravity in thUcasc t* nol at thc center of marc* For ihe center of gra vi ty lo be the *amc poínt ai ihe 
cerner of ma**. ihe gravity forcé on eaeh mat% rmiit be proponiunal to (he ma-vt. with (he %amc conslani of 
propon ionahry. and Ihal i*no( the cartherc. 

12.52. lOEvnn-: Thc gravity forcé for each pairofobjecu i* ijrvcnby* Eq4l2.l>. The work done i* PF—At/, 

Sn Up: The limpien way lo apnroach Ihb probkm i% lo fmd thc forcé bcl*wn me ^acecraft and thc cemer of 
man of ihe eanh moon «ysicrn. whkh ii 4.67x 10* m from the center of the earth. Tbe dUtance from the 
*picecrafl (o ihe cenlcr of maiiof (heearth'moon%y«(cmu(3,R2x]0 > m(F$ure 1152K ot t -5.97x10/* kg» 
m H ■735x19^ ka. 
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£\t:c iTt : (a> Uiing ihc Law ofGraviialion* thc forcé on ilw ipicccratr ¡*3>4N*an amrlcof 0.6 1" 3 (rom ihc 
cjrth-*fiacccraft tinc. 

(b> V »-g " jM * . t r j -0 nd r, i 124x1o 1 m fí>r ihc rcpacecrafl and thc cartb .and (he « pacccrafl and thc mot*i 
r 

J * r ( 3 *J-1tf m ' 





«2* Wm 



\ |t H IT I 



Fípire IU1 

12.53. lotAiin; AppJy conscrvai™ of cncrgy and coracrvalion of linear momenium lo thc metían of rhc lwo 
Stí Up: Dcnolcihc25 ku %phcrc by a vubscript I and thc i00»kg«phcre by a *ufacript2. 
Iahi ii; (a) Linear momenium \% cortterved because *e are ígnorme all oihcr forcé*, ihai iv Ihc nct external 
forcé on the ¿yitcm i* /ero. I lence, m t t t a m t v J 

(h) l'rom (be *ork»cncrgy theorem «i the form A* +6* "JC t f ■'. . wílh the imial kinctíc cncruy K -0 and 



elimínale * * Ui favor of v¿ and ¿implifying yielcfr v¡ - J j — ~ — L tth i ,n a sirmlar expre**¡ori for v> , 

Sutftiitution of numerical valué* gives v É ■ LÓ3*I0 4 jit i r = 4.08 » 10 J m* Thc magnitudc of the re Ulive 
vclocily t* the »um of ibe ipccd*. 2.01x10"* mfc 

<c>Thcdi*iancc ihe cerner* of the spbcrc* travcl (t and y,) i* prooortional to thciraccclcraiion.and 
— — — . 'Ti Ji, Whcn the tfihere* fioally makc eontact* their ccnier* willbc aditrance of 

Ir apart* or^ ■* x t + 2r ¿40 mu or r. ^ 2a - 40 m. Thuv y. - 8 m -0.4/-. and x t - 32 m - Lor. The poini of 
eontact of ihe surfacci b 32 m - 0 6r -319 m fnwn the iruiial po*iliori of thc eenlcrof ihc 25.0 kg tpherc. 

Evalúate: Theremlt X|/xj - 4 cao abra be obiaincd Irom ihc corucrvatiori of momenlum reiull ibai — ■— , 

y, m t 

at cvery poini in the molktn. 
12.54. lotvnrs; Appry Eq{]2.]2} 
SCTUF: m t -5.97xlO J * kg 



EuxrrE; Solving Zq. (12.14) for A. R 



rromwbich r«3J)xl# m. 

El Al l AFt: Thc rcmlt we cakulatcd i* m very eood acrccmcn) wiib the orbit mdiux given in Appcrxli\ V 



12.55. locvnn and Ser L'p: <a)To*iay abovc thc same point oo tbe Airfacc ofthc eaith thc orbital periodo!' rhe 
xalclllfc musí cqual ibc orbital period of thc carth: 
r«l d<24 M dX3600 * 1 bl ^ 8.64* 10* i 

I iu. < 1 1 1 41 givci thc rctalion he iwccn thc or bit radiu* and ibe period: 

, to* . ^ *rV 
EXECITTE: r - and T 

' r*GM t J° _ 1 (8.64x10* rt^MB^IO'^N ■ip'jIeg'K&Wx 10^ fcg) j^ _ 4 ^ [qI ^ 

Thti ii thc radiui of ihc orfait; ii i* rclaicd (o ihc hciwht A abóte thc carÜTi suHatfc and ihtf taditut tf k oírhccarth 
by r-ft+JTfc Tbu* A -r- ^ - 4.23x 10 T m-6.J8* 10* m -3.59x1o 1 m. 

Eyamafe: The orbital ¿peed ofthc gco*ynchronou* utclliic \% 2xr T - J0K0 m v Tbe altiludc i* much laretrr 
uhI ihc *pccd t% muc h L'm than rbr thtf uttf Hite ¡n lixamplc 1 2.6. 

G *H ■ rn 
T 423*10 rn 



Frpire IU9 

Atine ftom rne ratcllilc i* langent lo a poini on thc cortil that u al an anglc of SIJ f above ihc ct|uaior- Tbe iketch 
show* ihat ptimH al hrcher laliiudc* are blockcd hy thc canh Irom viciMng inc tatclliic . 
12.56. iD&vnn: Appty Eq4]2> 12) torcíale ihc orbital period Tmá .1/, . ihe planeas mas*, and ihcnutc Eq.(12.2) 
¿pplitfd lo ihc plantfi lo calcnlaic (he iMronaut \ ttciuht. 

SkfUp: 7bcradiu**rfthcorbitoíibclandcrb 5.75x10* m*4.H0*l0* m. 




l-uuij; FnMi&i.{12.l4k 7 o * 4 



9 OT (6.673x10" N'mVkg 3 H5.8*lO l i) 1 

orabout half ihc canh* ma» Now necean fínd thc a*lronaut'* wcight on ihc uirfacc Irom Eq.|l2.2y libe landirtg 
on thc nonh pokr removí any need lo aocounl for ccntrípcial avcclcration ) 

GM,m A (6.673x10 " N*m i >kg , )(2.7Jlxl0 J * kg}|S5.6kg) 

H - — -r ■ — j - W . 

r , (4K0x]r/ai) 

EvauiaTE: At thc «urfatc oí thc carth thc wcight of thc rairunaut woukl be 839 N. 

12.57. iDEvnn : Frorn Mxampk 12.5. Ibcctcapc %pccdis v= J- . U*c p^MiV to nTÍtc Ib» exprcutoo in Icmii 

of p. 

Stí UP: Fot j Kpbcrc Y ■ IxR* . 

EXCCUTE: Inlcmiiof thc ifaii)ly/Mhe ralio SijR U Í4x;3ipR\ and 10 ibc cicapc rtpccd i* 

v - J)8^'3)( 6673x10 " N^kg^SOOkg'ra'JllSOalO' m) J = 1 77 mfr. 
EvaUiaTE: Tbb tt rnucb lc?u than Ibc etcape *pccd for thc carth. lUOOrn^c. 
I2.5S. iDcvntY: Frooi Exampk 12 5 .tbe escape %pccd i% v - ^^¡f - U»c - A/ / T to ttiite \hi% exprcuwo in temí* 

of p . On carlh. thc beighl h yon on Jump i* rclaicd lo your jump ipeed by v- ^g¡ For pan <bV apply Kqi \2A) 
to üuropa. 

SEFLip: Foraspbcre r = ¿rf l 
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l \m i 1 1 : r i *- ■.-.'■! ' » . m> thc e*cape i^iced can be wrítien iyi ^&xGpR ^ ' '4 UJtm S- e*pre**icm 

for* and*tiuaring iíivc* 2*A - —pGR\ « J: . whcre p -9.H0 i* for thc lurface oflbccanh* nol 

3 Ast pG 

thca*icro¡d. ILsiimatc A ■ L m {variable Ibr differcnl peoplc* of cour*cK A —3.7 km. For Europa, 

fttf 4yK 3g 34133 ra* : , ^-3 03x10* ten* 

¡F~~ 3 " " 4«Jrr7 ~ 4t{í 57 * 10* mM&6?J* ID " N irT.feg*) " 
EVaUíaTE: The canh lux arerage dcnsity 5500 kgm 1 . Tbe average dcnMiy of Europa i* aboui half that of ihc 

carth bul a liltlc larger thaa Ihc average density of mt «* a%tcr oid*. 
12.59. lotvnn andScr L'p: Tbe ofocradpcrodaHovrcyou t o calcúlate thc angular velocity of Ihc «ucllite relativo 
toyou. You kntw your angular veKieity as yoo rotatc wiih ihc canh* o you can fmd ilu: angular vclociiy of ihc 
¿alcllitc in a ¿pttcc-fixcd rcfcrencc frarne. v ■ y& gives (he orbital *pccd of ihc laldliic and Ncwlon** iccoad law 
relate* lh¡x lo ihc orbit radiuiofthc xaieltitc. 

Exixcr ti: (u) The *aiclhic i* rcvolving wcit lo cait* in thc same dircel ion Ihc catih b rotaiing. If thc angular 
Kpccdof (he Kaicllitc n and (he angular specdof thc canh a ru, . Ihc angular ¿peed ta tJ oí ihc tatcllilc rclahvc 

li> you D G( 4 ■ «». - ftV 

«y*(l rcvHl2h) = ^)wWli 



^ OT d wl ,b ttmm ihbgiwi r 1 ^2.03*10* m 

r <u" 

Km ii thc radiui of me *attl tilo'* orbit. Jb hcighl A above tric.Mfffaccofihc carth ih A - ffj - 1.39* I0 : ra 

EvaUiaTE: In parí (a) thc latellilc i* rcvolvwg faticr iban ihc carth's rotaiion and in pan Ib) il \% rcvolvmg 
tlowcr. Slower i r and &> mean* larger «bit radiu* r. 

(b)Now Ihc ¿aicllilc i* revohmg opp»*itc lo Ihc rotaitonof thc carth. If weit to cait is poiirivc* then 
nvh 

<o A m + £*\ - revti = -7^7 % 10 1 rad* 



k _ Gn^ giVM ,.-4 22x10^ m and *-3J9»IO' m 



12.60. iDBfTlPK Appty thc lawof gravitation (i>(hc jnlronaut at ibcnorlh pole toeakulate ihc ma»of planct . Thcn 

appry ^_ / ■ j Ii> ihc airronaut with a íat tmaid thc center ofihc pUnci^ lo calcúlale thc period T. 

Apply ÜO..M2.I2) lo thc atcllitc ¡n crxfcr lo calcúlale ib orbital period. 

BTTtto Cictradmiof X: ;Ur/í I - K.Mi kmand A-L2D^I0' ra . Auronaul ma»; 

g 9,H0»V 

EOCIT» £^k, H( whcrc W ,9IS.0N.« (915 NMi^lO' m>^ 205-IO^kg 

fc (6.67x10 "N rn J kg J H962 kg) * 

Apply Ncttion' t xccond bw lo aitronaul oo a wale al thc cquaior of X. F 9tM - ■ . *o 



(bH^the^icmte, r- j£V to'tf^lQ ra,20*l(r t ^ 

Evajxafe: Thc acccleralion nf gravily al thesurface ofrac plancl i* g x - — 1— — - 9 H 5I mV , similar lo Ihc 

valúe on canh. Thc radiu* oftlic plancl i^aboui t*Kc Ibat of canh. Thc planct rfitato. more raptJly thancanh and 
lite leng ih«f aday n ahoui one-third whal íl t% do canh. 
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12.61. IdGVTOY: Use g - ■/ and fbllow ihc procedure ¿pccificd in thc problcm* 
Milr A, -6.38*10* ni 

Uang£q4l2,4)ror£ib:rrjctionddinmoMÍ> I -i/í, * Ai ^ = -A.'ff, . wifthe Iractional «0HI i* -1%. 
*-<0*0l)/*,-6*4*l0*ni. 

l-uiun; For A ■ I km , ib: fractional error » onry 0*016%. K«m".2i i* very aecurate for ib: nnúm of obwci* 



ncar Ihc canh'% 

12.62. lot-vnFY: Use Ihc nKa«ttxrncnt* of thc me* ion of Ibc rock lo calcule # M , Ibc vahic of #on Mongo* Thcn unc 
thb to calcúlate thc mas* i>f Mongo* For Ihc %hip. *T -mü u and F ■ 

v 

Si.r l."p: Tako *y unward Whcn Ib: itonc rctums to ihc ground ¡tt vclixhy ta 12*0 ira 1 *, dowmtard ■: , ■ G — - 

Thc radiu* of Mongo ta R# - - — - 3,18x10 oí . Tbcibip move* to anorbrl of radium 

3.18x10' m*3*00xia' m-6*18xl0' ni. 
I \n i 1 1 : (■> y #i :0m*, v t --!2.0nVs, j - -v: V( jtx! i -8,00*, r = a/ givei 



f S.OÜ * * M 

, jB ^ M (3.0D^lhltf m4S5Kl0d 
G 6,673x10 N raV 

W F^ma^ give* O^L *m— and v 3 ^ 

.r r r 

m Irr , (~7~~ 2*r i4 2^6*18x10' ra)* 4 

F- "2*r ! r— - ■ 

v fMy JC*^ J(6,673* 10 " N < m^g*M4.55 « 10* kg> 

r^5*S4xl0' *-15.4b 

EY A1X.UE: \0í ( and m w = 7*6^ * > g„ i; = 0*30ft . which agiec* wtih Ibc valúe calculatcd 

m pan (a), 

12*63. lotviuv jná S**r L"p: U« Eq<(IX2)tocaku!atcmcgm¡ty Torce al cach locación for thc topoí Mount Evcreil 
write r - A ■+ and use thc fací inat A « Jf t lo oblain an cxpreu.on for thc dlllcrcncc ¡n ibc lwo forecs* 

l,\*;ci Ft; At Sacramento* thc gravity Ibrcc oo yon ta *F¡ ■ t« " ' ' 

«i 

Al thc top of Mounl Everest, a height of A - SSÜ0 m above *cal levei* thc gravity Ibrcc do yon ta 
1 («,.*)■ ff;(l-A'*,r 



KvaI-I afe: Thc chance ir. thc gravllalional Ibrcc ta very ima!1. so Ibr objccls ncar Ihc «urfacc of Ihc canh u ta a 
good apnroximaiion lo trcat it a* a comtanl. 
12*64* lot.Muv: Appiy I^q.<l2.9> lo thc partickearth and panklc-moon i\Mcim t 

Skf Up: XVbcn thc particlc ta a diMancc r from thc center ofihc eartk ¡t ta a distance Jf k j i from thc center of 
thc 
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fcXlXim (u) Tltc toi.il ci;is:t:iU4™i puteniiai enere) in ihi* modcl n U ■ H*m\ — 



oí 



p 

41») Scc tacrcctc 12,5. The poini where thc net gravitalional forec vanithc* is r a ~ 1.46 - 10* m 

Unng ihU vahic for rin thc expresión in pan (aliad (he work'Cficrgy ihcorcm* wcluding Ibc ¡nilial notcntia) 

(c) Thc final dbunce from thc carth ii ikh A u , bul ibc Earth-moon dtitancc minu* Ihc radium of thc moon, or 

1X2 A* 10' m. I'rom Ihc wtrfc-cncrgy theorem, thc rocket ¡nipactt thc moon \w:hj ipccd of 2.9 km'*. 
EValiaIx: Thc ipacccraft ha* a gre&tcr gravitational poicntial cncrgy at ir^urráccof thernoon (han al thc 
»uríacc of thc canh. *o it rtachc& ibciurraccof thc moon with a *pccd ihat » leí* iban it* launch «peed on canh* 
12.65. lotAnn andS»;FL"P: Fim use thc radiu» of ihc orbü ti> fínd thc initial otbiul sfKciMrom í *j H2 IOi apoUcd »o 



i:\lcrTt: i* - JGmr and r - ÍÍ M * A - 1,74*10* hi + 5<M)»IaV ra- 1.79*10* ra 

fhui t | ( 6.67 3 .,0 - H.rf^ WJSxItf» ka, a|A55)|[0 , ^ 

¥ 1.79*10* m 

Afkr thc ipeed dccrcaic* by 20.0 nV* il becoriic* 1 655*10' m.*-200nV»- I.635*I0Wjl 
Ideviim and S#;r L'p: Use cotwcrvation of cncrey lo fiod thc ipeed wben thc ipacccraft rcachc& ihc lunar 
turface. 

Gravüy i* ibc only forcé thal don work so H'^ -O and K¡ ■ X, +Ü, 
EXKCtTE: £/, --Gm^m r; V t ■ -Gm^m / 



And thc nu» di divide* oul togive ». ■ yi;* * 2í/iw, j <1'ff í -li>) 

i - -l -- : L km.]O0OmX360O % I bl -6060 km-h 

EVaLUaTE: Aftcr ihc ihruiicr fue* thc «nacecraft h moving too ¿lotvly lo be in a itablc orfau ihc uraviiational 
lotee is larger than whai ¡& needed lo mainiam a circular orbit* Thc ipacccrafl ¡rain* cncrgy as il ti accclcratcd 
toward thc lurfacc* 

12.66. iDCVílfY: g - 0 mear» thc apparent i*ciithi turro, %o -9.R0 m'% 3 . tf 4— - — ^ — . 
SkfUp: Tbc radium of thc carlh b R v -6.JS*IO"m. 

ExcCirTEi r - 2*t I— ■ 5.07 * LO 1 1, v/bjeh ¡« K4.5 nún. or about an hour and a balf 

EvauiaTE: Ai thc pote». % would Mili be 9. Sil m. s' * 

12.67. |pf.\ iim jjh! S#;f L'p: Apply conicrvation of encrgy. Mun une Eq.(l2.9) for Ihc gravitational poicntial cncrgy 
lince A not unall compared to Jt . 



^0 



. - ? 




Ai «ídicalcd in Figure 12.67. 
lakc poínl 1 lo be tt here thc 
hanutier i» nrlcaied and poini 2 
lo be juit above thc mrfacc of 
thc carlb* «o>;-^ fA and 



MgBK 1M7 

OnJy gravity doci ->*\n k. to ■ 0^ 

1 A** 'í ^ 
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Thu*. -G !_s_m>< -G - 

A*A, 2 R t 



K t «i'*; A (A *A| Allí.* Al 



(2W 



EVALUATE: If A — * v* -* JlGm^ \R t , v>h¡ch cquab thc escape «peed. In thu ümit Ihb cvcni ii thc reverse of an 

objecl being projected upuard from thc surfacc wílb Ibc escape «peed, íf A ^ . then v, ■ ^jliin^h ¿í' ■ ^2¡fA» thc 
%amc rcsull if used Eq-(7.2) for IT, 

I2.6S. iiHMin: .::!-.■'. total wmámktámmgy of ihc latclliic i* £^ - ^"^ t/ c^üi-ü ff's £¿ - f^. 
Ser LTp: £/ -»0 aí r->«. 

lAuui; (a) Thc cncruy lnc*atclhlc ha*»ils¡t*on thc *urfacc of thc l:anh is£. — . Tbe cncrgy ii tus 

when it ta in orbit al a radru* A * A L ta £ ( - ^ * _ Thc work needed lo put it in orbit » thc difference belweco 



[b) Thc total crtctüy of thc salcllitc far av»ay ftom thc fcarth ¡* /ero. so thc addirional vvork needed is 



2^ } 2R, 

Ev Al t ¡AFfc: (c) Thc ivork needed lo pul thc salcllitc inin orbit v*as thc ame as Ibc vn»rL needed to put thc 
ftülclliic fromorbil to theedge of Ihc uní ve tic. 
12.69. Id*.mih: At thc escape ipccd. E-K + U -0« 

Skf UP: At Ihc surfacc of thc carth thc satcUitc ¡* a dbaance A ( -6_38xir/ mfrom thccctilcrof Ibc carth and a 
distante A & - 1.50*10" m ftom Ihc *un. Ibcorbittlspccdofmccarthta . tvhcrc J 1.156x10 1 * ta thc 

orbital period lite speed of a poinl on thesurface of ihc caríbal on anglc ^ Irom ibc cquator i* v ■ 1 ^ 
tvhcrc r - 86,400 * h thc rotational pettod of thc carth. 



EJOKVTI: (a) Thc escape ipeed wjII be (26 



— — ±-|s4J5xl0 m*. Making ihc ntnplitying 
A, R ti 

thai thc dircelion oflaunch n thc dircelion of thc caruVs moiion in iu orbiL Ihc «peed re Ulive lo ihc 

T (3.156x10») 
(b) Thc roiational *pccd al Cape Cañaveral i* - T < 6JK!<I "*K<tt2&5 _ 4Mx{0 ; M Ü|C spcC(¡ to 

a6 k 400 % 

thcKurfaecof inccarlh ¡* 1J3^ID 4 mi 

(e)lnFrewhGuUma t iherotaiionaUpecdi» 4.63 vio 1 m.^ lothc *pecd rchiive to Ibc iutfacc of ihc carth w 
1.32x10* mk. 

EvAl.t \ fi.: Thc orbital tpecdof thc carth i* a targe (njetíon of ihc cteapc ipecd, bul thc roiational tpeed of a 
point on tbe oír face of thc carth ii tnueh lew. 
12.70. lotvn*\: From thc discuníon of ScciKtn 12 6. thc Ibree on a poini man al a dutance r (rom the center of a 
sf^erieally symniciric mi** dürnbution i% thc xame ai though \\v removed a\] (he ñus* at poinis fanher iban r 
Irom inc eenler and eonccnttaicd all ihc rcmaining mat* at thc center 

Si.r V?z Ihc ma«.l/of a hollow «fihcrcofdcnMiy p. inner radios R i andoutcrniiuui R 1 ii M ■ ^*¿.?t /í 1 - Jí " * . 
Front Figure 12.9 in ibc icxtbook, thc innereorc has oulcr radius L2xlQ ¥ m . ¡imer radñii wro and demily 
IJvlO' kc/m'. Tlke ouicr core has inner radius 1.2 x1o 4 m , oulcr radiui 3.6x10* m anddensíry 11x10* k^'m' 
Thc toul manof ibeejrth b m t -5.WW0 14 leu and ibradiusis A t -6JKxlO b rn. 
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(fc) The mas* of Ihc inner core i* s^p^^Af -A^)s(|Jxl0 4 kgW)4*íl.2x 10* m) 1 =9.4*10^ kg . The 
ma«of thc ouier core ¡s m^ m - 0 1*10* k$m'i¿np 6* 10 4 mf m| t - 2 L - LO ' kg. Only ihc inner 

whI outer core* contríbute (o Ihc forcé. / -16 67-10 11 NWjkg V^ 1 * W kg + **l*IQ k^XlOO ^ 

• (3 + 6*l0rm v 



[c) Onlv thc inner core contribuid (o ihc forcé aml / r 



8 (1.2x11? mV 



<d)AI r-0, F ( =0. 

EVAUUTE: ln ira* nwdci thc canh i* «phcrWilly *\mmctrie bul not umlbmx *o thc re tul t of lixjrnplc 12,10 
doe*n*t apptv. tn particular, (he forcé al thc «urlacc of ihc ouier core h grcalcr tlun Ihc forec al Ihc uirfacc of thc 

Clrth 

12.71. iDEVTirV: Eq.(l2.l2i relaten orbital period jjh) orbital radiu* Por j circular orbü 
SCI n Ihc ttu«of thc «m i* ií - i LO 4 ku . 



I \m i m : (■) The period of thc a*terod u J 1— 1 — . unetting 3x10" m foca gira 2. *M y and 5*10" m 

G\i 

gi ve* a períod of & 1 1 y. 

<b> Ifibc penod ta 5 93 y. thcod -4,90*10" nt 

(c> TI-.» happcn* hecauw 0 4- 2**5* anotber ralxi of mtcgerv So otkc cvery S orbit* of thc aMcrwd and 2 orbit* of 

Júpiter, ihc atfcroid bal iu pcn>ovc dblancc. Sotving v/hen T = 4.74 v. a = 422*10" m 

EvaUaTE: Thc orbit radius for Júpiter i& 7.78*10" m and for Ktan ii i* 2*21*10" ra .The a*ien>id bclt he* 
bciwccti Mari and Júpiter Thc nui* of Júpiter ¡*¿hout 3000 time* that of Mor** *o thc elTcci of Jupilcron ihc 
uicroid* k rnuch largcr 

12.72. IDEVTIFY: Apply thc work-cneruy re latían m thc form II ' - \L . where E-KtU . The ipecd v i* rcbled loihe 
orbtl radiuiby Eq.()2.]0>. 
SEI Vtz m i = 5.97*10" kg 

K\i:c tu; (a) ln imvmg to a lowcr orbit by whaicvcr mean**. graviiy doc* pomIivc wuric and *o ihc *pccd doet incrcasc 
Mv-mf^.N Ar»(Cw ( ^ -2Íljr i J ^^j^L* Note that a powtive ¿rugjvtnui 

decrc»e ra radium Sirauarty. thc kincitc energy ñ X -(M)an ■ il 2tfim t m'r, «id so 
AÁT (l<2)(Crfli ( At's )Ar nd Aü - |Cm>, «t r*)&r. 
W - AL f + AJC --(Cift^w2r*) 

<c> y*JGm¿t = 7.72*10* rn/0« Ai-fAr^J^C^^T 1 =28.9 m< f-^m ^'vln HtMmlqdMMi 

AA - {C^mL^r'HArl-feTOxlO" J, Ai/ = -2Aff --L34* I0 V J . and W~ -AJT =-6.70x10" J. 

(d) \% thc icrm "burns up* iugge^lx + ihc cncrgv » conxerted toheal ot i* divtipatcti in ifv coltinioni of thc debn* 



EVauiaTE: Whcn r dccrca&ci. K inercaws and f dmeato thecome^ more nc^tivc.i. 
12.73. iDEVfiFY: U%cEq.lJ 2.2) lo calcúlale F r Apply Nc^lim^ 2nd bw lo circular motion ofeach ^lar tollndihc 

orbital ipced and period. Apply thc consmatumof erwrgy cxprcuioik l;q + |7 r 13K lo calcúlale thc encrey ínput 
<work> required to sepárate Ib: mxi %iar% lo ¡nlmity. 

(a) StJ l> : Thc era » nudw j) betueen ihc Iwxt Man xince rhey have cqual irunc*.. Lct R be thc orbit radnt» for 
k tketched in figure 12.73. 



Ihc m-o *ut\ ue icrwated by i duiance 2í, 




npn 12,73 
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UH ExfXirTE: F K ■ mo^ 

GAt'tAR* *M{\¿*R) so v-jGWAR 

And T = 2rJtfr = IsRjARiGSt ~ Ax^R GAt 

¡om i I r. Appty J£, +fi + ■ Jt 3 >I/] lo ibc ivitctn of thc two ttarv Sepárate lo mfinity impbe* K¡ -0 
and i 1 ' 

Thunhccncrgyrtqüirtdii l^ fc ^^A: ( +t; | )-^CA/ í /«-CW i 2JÍ^ GlfV4JL 

EVALUATE: The closer thc slar* are ¡md ibc grcalcr their mai*. ihc larger Ibcir orbital xpecd. Ibc «horter ibcir 
orblial period and thc grealcr thc cocrgy required to sepárate ihcnv 
12.74. loEYnrv: In ihc cenlcr of ma«* coordínale %y*iem + r ±0. Apply F ■ md lo cach *iar.. wben /"is thc 

graviiat tonal forcé of one liaron thc oiber and ü -o^ - — ^ — « 
Si:r Up; r - w jJknv* ti t« be calcubicd fnxn v and T. 

r 

iDBflIPR (n)Thcradii R % and ff ; are mcaaircd with rapccl lo ihc cerner of ma*t t and» Ai\/f; = A/Jfj* and 

AYJ?,=¿fy.irv 

0>) Thc Ibrcci on cach *tar arcct|ual in magnitudes *o ihc product of thc mas* and thc radial acederation* are 
cqual; ^ x ^ t R t _ 4t ^f"^ J * From Ibc res ull of parí (a), thc numcraion of ibcsc exprc**ioo* are cqual. and ¡ra thc 

dcnominatoiv are cqual and thc pcriixh are thc same. Tu find thc period in thc *ymmciric torm dc*ircü\ Ibc re are 
many poniblc routci* Anclccant mcinod* u*inc a bit of hmdsighL i* lo use thc above cxprc*»¡on* lo reíale Ihc 

period* lo ibe forcé F ■ ^M** , mj thjl ^¡v^m cxpresiíuos Ibr Ibc permd are X4 T *' and 

= ■ Addingthccxprc»ion*givc* (Aí^Aí^r = or — — — 

O Í7 Jf¿<«. 



(c> I nii bc mutt find thc radii of cach otbil viven thc *pccd and penod dala. In a circular ocbiL 

„-2** ^.,.(36..IO'HÜi>|l37dWM0Orf > . ^, MW . 

^ ,01,10' ^. K »7d)llM0»^ aaj>| , |(r ^ Nm f(niJ ^ of|hc ^ Uia UJt _ a u flj jm| 

4t ; <* +JIJ 1 

Lhcractlhal ^■lAT/il^+lf^)- in;úerting thc valúes ofT. and Ihc mdii Ihbgivn 

^•i/íl- *Af\-J.I2*IG*ktf Srncc 

' [(137 dHK6<400a i1 d)J (6.67Jw 10 N m-'kg') ' 

Ufi*AÍJtJM,m3U„ AMÍ a mXnní^^,tm M. «7.80» lo" kg and ^2J4xl0* kg . 

(d> Leí ir nrlcr h> thc tur and^ rcfcrtoihc Nack holc. Uic thc re]atkKKhjn« demed in parí* (al and ib)* 



^'—LJ—l! . For Mfltmctoiih. imerting Ibc vJud 

IbrMMid Tand R t gives ^-l.yxIO'nvt n krosand for ibcbUck hole R A -M -10* m, v, - 77 km\ 

EvaLuaTE: Süicc * r s* thc same, v U onallcr when A u íonallcr 
12.75. lDf-Yim r and S»;r L'p: Use conservation orencrg>% K t +U t » = A\ *6\. The gravity íbice exerted by thc 

lun úc thc only forec that doci w«ck on ibc conici* *o í i ( , ■ 0. 

ExuCITTEi JtT, -t wv i Í ' »i =2.0x10* m* 

i.-!,., . / ti-, 

t 1 " m.r r =5.0x10*^ 
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^68x10* rn* 



EVALUATE: The comet Híjn grcalcr speed ttfaen ii i* chwer lo ihe wn 
12.76. lot-Mifi: Appty con&crvaiion of energy. 

Sir Up; Leí »t u he ihc mau *>í M¿m and \f. he the nuu of the sun The subscripta a and p denote iphchoti and 



EXECUTE: - au * m » * - CA/ * m " , or ^« L; -2CmJ-L-1 1=2.650* 10* mfc 

EVALUATE: Wccould iruicud use contcnation of angular momemum Note thai 41 ihe extreme* of diitAncc 
(prrihclcion and aphelion). Man' velocity vector muit be perpendicular lo li* radium vector* and *o the maenitudc 
nf the angular momentum is L ■ »irr . Since £ i* constan!-, the product n* mutl be a constante and mi 

ii 

v t =v a — ♦= (2.198x10* mi'Vi- — --2*650*10' mx.Mar* ha* larucr *pecd when ii u ckncr lo Ine 



■ =^-=(2.198x10* nAK— -í 21-2.650*10* m*. Mar* ha* 

p V (2.06Tx|o l m) 



12.77. (a) Iokmiiv and Su L'r: Uic fc| ( 12.17}. Applied lo lhe«ateküie% otbhing the earlh ralber Itun the sun 
Exf.ru FE; fuid (he \alue of a for the elliptical «bit: 

Li^r whcrr A And /? are Ihe heiehta al apiree And perigee* respective!)*. 

a =6.38*10* m*(400*lO l m + 4000x10' 2 -8.58x10* m 

r- WMO- m.» i79|>|0 , „ 

JGifY ^(6.673x10 " N*m^g*M5.97^(r* kg) 



(foíConscrvaiKinof aneufar momentum gires r,v^ =r fr v, 

6.38x10* m*4 00x10* m ( ^ 
v~ ™~ 6.38x10* mt 4.00*10* m~ 

(f)Con*ervaiK>nof encrgy Applied lo apogee and perigee .■ ■ í ■ .\ *L r a - AT p t6' ( 

Bul v;-1.532vv so IJ47^ a26X«-JjWyi 

^ = 5,51*10' m.*. >; -8.43x10' m* 
(d) Nccd noüui £-0 4 where £ = JC + fJ. 
*r*ritfcc. >v¿-Gw,wV,«Ü 

>;- J5cw^>; - ^2(6.673x10 " N m'^g'KS.^xKr** kg)/6.78*l0* m =1.084* 10* mVs 
Thas meara an inerenieof 1 .084x10* m i -8*43* 10' ros -2.41x10* m*. 

■n arttiucc: v ( -J2Cm ( .V ( - ^2(6,673 x 10 * 1 N * ni^kg 1 X5-97 x 10** kg).1.038xlü T m = 8.761x10' m. 1 * 
Thü mean* an merettacof 8. 761* 10* m*-5.Sl* 10* m* = 3.25xlO l mb. 

EVALUATE: Perigee is more eHleicnt. At thin poitii r n Mraller *o v i* larger ind (he tatcllitc ha» more kinelie 
enerey And more loUl cnergy. 

IDEVTIFY: z - , vtbm M aod R are Ihe itua* And radm* of the planet. 

Si:r UP: Let m í And R t be (he ma» and mdiu& of UrAnw and leí ?, be Ibc AceclerAlkkn due lo gravir>* al ib 
polci. Tbe «bil rAdiu* of Miranda w r-At«,,wberc A - 1 tMxItf m ii the Alhiude of Miranda above the 
surfacc of Uramit 

EXKCi;rE: (u> From ihe vilue of g at the pole*. 

v A J lll.lm^l |2.556x|0 : mV ^ 



Q 16673x10 N ■ m i'kg* ) 
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Eyai i u i : (d) No* ttoih thc objcct and Miranda are in orbit togcthcr around l'nnu», duc lo thc gravitaitonal 
íaiíc of Uranut* The objcct has ackhtional forcé towattf Miranda* 

12.79. Io*\iim íjhISifLp: A|^lvcDfi9;n^íonofciKfgy<Eq.?.L3)andwKYfor W± r Only r-At ^ tigíven.so 
ti se Ea^ < 1 2* 1 0) lo re hite /■ and r. 

í/ ( = -Cm rt «t¡ . where m u u thc nuw ofMar* and i; -lf % , where /¿ H is thc radian of Mar* and 
¿r- 2000x10' ni 

t/j - if'M^m *-_. wtiert '. i^thc nci*orbil ■.!, ■■ 

^--(^■Q-N-^) tM2X '°" '^ i00P y — ■Wfltf'j 
^ '3.40x10' m»4000*10' m 

For a circular orbtl v - ^Gm v *r tl'q i ,10), with <hf mas* of Mar* rather (huí Ihc mas* i>f thccarthl* 

u«ig ibi* givt» k ^ J = ;-HCm hl ;r) = ^ » Jt ■ - 

Jf.a-^a+l.littxltf* J and Jt^*~4t/,>+MI$xHf J 
Then AT ( * tf, * - JCj <■ tf| gira 

»^-(JCj-M + (Wi-I/,)*(*-6S5xl0 - J- 1.190*10" J) + <-2.380* I0*' J -H.737xI0" J) 
«'^ = -3.215x10* J + 6,43«xl0* J = 3.22x10* J 

Evajiafe: Whcn Ihc «rblt radius mcrcatc* thc k me tic cncrgy dccfcosci and ihc gravitalktnal poicnbal cncrgy 
increaicv K ■ -U/2 so E - K + U = —V/2 and thc total cncrgy alu* mercase; fbecome* leo negauvet Pomivc 
work mutí be done to mercase thc total cncrgy of thc saiclhfc. 

12.80. IDEVTO\ ¿nd Ser L'P: Use üq<{ 12.17) lo calculan? a. r-30,000 y<3, 156x10' s/l y) -9.468x10** * 

exuckte: Eq + (12.17): r-**¿ r J =Í^1 

<H 



LO ' 



EvauaIT: Thc average orbit radiu* of Piulo b 5.9x10'* m f Appcndu F); ihc *cmi»ma)or axii for Ihi* corad i* 
larycr by a tactor of 24. 

4 J lightyun-43faghisvAn49 + 461xl0 L ' m i ughi)car) = 4.l*l<r m 
Thc dülanccof Alpha Ccntauri ¡* largcrb} -a factor of 300. 

Thc otbiiof ihc coran curad* i*cll pail Plutobut i* «cH uithtn ihc diMance lo Alpha Ccniauri 
12.81. iDf-vnrv: Intégrate dm ■ pdV lo tlnd thc mas* of thc planei. Outstdc thc planeta thc planct behave* likc a point 

man. %oai thc «iffacc g - GAttl? . 

Sv.x Up: A thtn nphcrtcal %M\ wtth thkkncu dr hai ^ume dV ■ Axrdr . Ihc canh ha» radiui 

=6.38x10* m. 

J'\m i m : Get >• - f dm -í pdV -í plxr'dr. Thc fcnntynp = p-br, where 



=15.0*10' kgm'aithcccracrandal ihciurfacc. ^=2.0x10' kg^m' . » b - Pv . 
y (6.38xl0 t m)(6^7xl0 tJ Nni J V)[ l5 ° X '^ ^"^2.0x10^ k^nA 



g = 9J6 rnV 
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EVAUWTE ThcawMcdtfmityofthcpbiKtu* /? ^ — ^-^L^ 3(571» 10"* fcg) a52Sx|0 i ^ i N 
that ihi* u nol (j^, + /p,)/2. 

12,82. lot.Min and£«:TL"P: Use l:q t 12 I) tocakubtc Ihc forcc bciwcen Ihc poini mas* and a símil *cgmcnt of ihc 
scmicirck» 

EXECUTE: Thcradiusof trie scmicück i* R-Ux 

Divide Ibc scrnktrck un inlo símil segnicnti of kngth .? ./tí, isshown in Figure 12 ,82, 

y 





Figure 12X2 

dM m {M L)& dO ■ (Mjr) ¿0 

i//' ¡s Ibc gravirv forcé on exerted by ¿ÍAf 

| J/'. - <h lhey-a>nipuncrjt* from ihc unper half of Ibc sermeirek cancel ihc v^ornponcnt* Irnm thc lowcrtudf, 
Thc -v*c0ir*Hwni* ate al I m thc » v -dircelion and olí add* 



éF*G 
4F =G 
F 



mO-O^mOdO 



EVaijiaFE: If thc semicirek wcre rcplaccd by a point rrais W ai r- ff. ihc gnvity Torce* would tv 

CrtwA/ í ; - ^CmM L\ Thu » *2 time* larger trun Ihc focee exened by ihc icmicoclar wirc. For ihc icm¡c«ck 
il ¡s thc t eomponcntt ihat add, and ihc mnt is les* than if thc Ibrcc imgiuiudc* ivere addcd* 
12,83, IdcXTIFY: Thc direcl cakulanon of thc forcé thai ibc *phcrc cxcrti on thc ring is stightly more inrolvcd th* 
cakutition of Ihc forcé that thc ringcxcrt* ttn ibciphcrc» Thc*e torces are cqual in imgniiudc bul oppo&itc in 
direction. so it will tulBcc lo do thc UncrcatcuUtion, Uy symmctry* Ibc fot ce on ihc sphere will be along Ibc 
of thc ring in Figure 12,35 in thc texibook* loward thc ring. 

l.'P: DivkIc the ring mto Kilmitcvniul ckments uith nu« JSÍ. 



on ibc inhcrc. and 



EuXL'f E; Facb nu» clcmcni JM of ihc ringcxeris a forcé of macmiiHk 
_ GmdXt x CmdMx 

" p 777 j777 (TTTf 7 

Therefore, ibc forcc on the sphere u (a* + *■ tn the - i di i ■ i . 1- . ip « n . iti -. ■ I . ::■ ¿ wnh a 

Ibrcc of the same nuenilude, 

EVALUATE: \ hedenommator approaches and F -+ ^^ > * . a* expected. 

12,84. iDEvnrv: UxcEq,(l2,L> tbrrhe forcé bcluYcn a símil ^cttment of ihc rod and ibc pamclc. tnlcgrale over thc 
kusthof thc rod tofínd Ihc loUl forcé. 



GrjvitaiLon 12-2? 



SKFlip: U*c a coordínale sy*icm with ihc original thc left-hand end of ihc rod and ihe y-ndi along (be rod, 
*hown in Figure 12.S4. Divide Ibe rod ¡nio *rnall *cgmcnl* of Icngih ár\ |U« y for Ibc coordínate *o r*oi lo 
¿onfinc with Ihc diitancex from ihc ctid of thc rod to thc paruele >l 



L - i* 



íam i ii: Thc :■ ■ . * of cacb icgmcni i* i/.l/ ■ dx\M\L >. Each scgmcni i* a dittancc L-x' + x (rom itav /«♦ so 
. B . , „ Gmdkí OKSm d¿ 



f = * - 1 i- 



GAfmf I ] ^ .-.ii 1 - ■ ■ . i CMm 



L \x L + x) L x\L + x) xiL+x) 
EvaUiaTE: ¥oxx»L Ihí* rciull become F — GMWx w * ihciarncailbrarjaírofpoininiavtcf* 

12.85. Io*.mih: Compare /, lo llookc** b*\ 

Ser L T P Ibecarth ha* itom .'■ : ■ I" fcfl and raifau* /?, ~f.3H*10* m 

I \k t'f E: For ■ -Ar , (/ =^4t j . Thc torce hete i* in ihc tamcfomi. soby analogy ? [n "'^ '" . Thb i 
alio givcn by tne integral of /* from 0 lo r i*iih rcspcci lo ditfancc. 

(b) Frorn pin la), thc inihul gravitaixmal potcniial cnergy i* ^ . Fqjualing ¡nilial poicntial cnergy and final 
kinciic cnergy (inicial kinclic cnergy and final poicntial cnergy are both /ero) give* 
v 1 » 5íL. *> v - 7.90 x 10' mi 1 *. 

f \ ah mi; Whcn r - 0. f i/| - 0, as tpecifted m thc problcnr 

12.86. iDBnuv: In t^*(l2.12| and (I2.1ó| rcplacc Tby T*£T andrbv r - .\i * . Use thc exprenion in thchinl to 
*iniph fyinu thc rcMifting c*¡uation*. 

mi I r Ibccarth hai ■ .«í 1 * kg and Jt -t> - rn + + % , where A i* ibc altitud? éVM ibc 

turfacc of ibc canh. 

Since v^^^^ATsSsJL. y- ^cTÜT^r ^ and ihcrcforc 

r-o>»^B¡?7(r+Ar)****^iÍ7r ^(u^) ^ and rv^^r^l^j-v-^LAr. Since 



ihi 



^laningwith T~ 2 j*\ (^.(12.12)), r«2* i>V,aod v- <l-qX12 ID>K find thc «locir>* and 



pcriod of Ihc initíal orbil: v 

T-2t fív = 5549» -92.S nun + Wc (henean iwc Ihc modem^cd cquaiioru lo approvimatc Arand Ai 1 



J(6.673.IO "N -n,'.Vx5-W. l Q-| i e) . 7 . 672 , , & ^ 
V 6.776 tfirTrn 



12-2* í hjpirr U 



ihuitlc willhavc travclcd a ihttancc d~J{\2$ m >-UOO m') - 75 ni . 

r ■ (75 m)/(0Al5ó62 m/x) ■ I J24.7 ■ -22 nw . Il wíll take 22 minute* for the caMe lo break, 

Ut The ¡SS h moving faxlcr iban iht* «pace «huttlc, io ihe (ola) anglc ti caven in an orbit muxi be 2,r radian* more 

iban the anglc thal (be «pace ¿luiltlc coverx before they are onecagain in line. Malhcmatically. ~ - ^ ^ - 2~ 
U*»ngibernnc«nialth^^ (v-Av)f {|+^J «j |ÍL-t _ 2¡t 



Thcreforc. ■ Xt '. »' r . . Since 2x r ^ iT andiV - VÁT — 



-r 2 



was tobeshown r»li«Ij?***' ■ 2-5*10* s ^ 2900 d - 7,9 y. Il n highlv ekmbiful the *huiilc cicu would 
jíí (0,l22Sx) 

fturvivc ib: congrenional hcaring* if they mtn! 

Fvai i afk: Whcn ihe orbil radiw mercase*, tbc orbital period mércate* and ihe orbital *pccd dccTea^e*. 
12,87. lo&vnn: AppJy fc|.f 12. 19) lo ibe Ininxfcr orbit, 

Ser l p: Theorbil radiu* for Earthi* r % ■ 1.50x10/' di and for Man it i» r H -2 + 2H*10 M m, From Figure 12,19 
in ihe lextbook. d » -(r, + r v > 

K\i:c t Tt : (a) To wei from Ihe circular orbrt of Ibc earih (o ibc iramfcr orbit, the *pacccralVt cncrey muxt 
incrcaxc, and ibc rocket* are fircd in ibe direction oppcuilc that of the motion.. ihat it, in Ihe direction thal inaeagea 
the repced. Once al theorbil of Man ihe cncrgy nccdi tobe ¡nercaxed agaiiu and *o ihe rocket* need lo be fíted in 
the directíon oppoxiic that of the motion From Figure 12.3K in the tcxthook. ibc icmimajor axi* of the tran*fer 
orbil i* the ariihmctic average of ihcorbii radil of ihccanhand Man, and no from Htií 12J3X, ihe cncrgy ofihe 
*pacccr afl whilc in the tranxfer orbil ¡x iniermcdiatc bctwccn the energía of Ihe circular orbit*, Rctuming from 
Man lo ihe carth, ihe procedure i* reverted, and Ihe nvKnt are fircda^airut ihe direction of motion, 
(h) The time willbchalf ihe pemnl aigiven m (12J7> 4 with the ¿emírnajor ax» eejual lo 

ff-4(K^r M )-IJC9yiry' m mj-— « . ^ M -2,24xl0' s>261dm. 

2 J(ó.673k10 " N'm'.'kg'Hl.WxIO 1 * kgt 



ivrúch » more ihan X- m »:ith> 



[2.24^10' %) 



{*} Duhng ihiMrme, Man will rttwthrough anangle of (36P*j mrjpj -135,9 a . and the %paceerall 



un angleof Isir , so the anule fíciuccn the earth-fain hnc and Ihe Mar&^vun Une muM be 44 J, 
EvaLUaTE: The period T for ihe iraiufer orbit ¡* 526 days, the average of the orbital periodx fot l^anh and Man 
12,83, iDBmm Anpty -mato cachear, 

Si r l>; Dcrwlc theorbil radim a% r and the duiance (rom ihU radiu» lo eíthcr car ax 6, Lach car. «f masa m , 
can be modcled as tubject lo lwo lbree«. the graviiaiional forcé (rom Ihe black bole and ihe lenxion Ibrce { aciuaJIy 
the Ibrce from the body ttuuex), denoted by /''. 

FxjriTE: The forcé equation for eilherearix ^^ 0I , -f ¿i>w*(rt¿') t where ifcanbeofeiiher 
Replacc the produci with ihe valué W 1 - GMm>' , and lolve for 

'■«->[ i ? £ -^]-7 ii [»'-'0^n- 

U«ng ihe hmomial theorem lo expand the term in tquarc bmckets in powen of ¿Vr, 



Th" tenxion u much lar^er ihan thal ^hichcoukl be xwiaincd b> human ttuue. and the a*ironaut u m trixibfc 
(b) The cerner of graviiy « ™>t rbe center of man, The gravity torce on Ihe lwoean ix nol ihe lame, 
F v Alt 1 atk: Tbc tcnxHto octaveen her can \* nroponional to their ¿cparatioiv 
12,89, lofAim: Ax xuggexted in the problenv di»de the disk inlo ringx of radiux rand th¡ckne*x dr* 

1/ 2\f 

SKI Up: liach ring hn an área d4 ■ 2xr ér and matx d\i - K dA ■ ■ ^ . 



[G m JMKvir' + x*)* 1 ) * Th« Hliirti* <" lo ibe forcé u rf/* 



I aki n: The mairniiudc of Ibe forte that ihis tmaW nngcxcri* on ihc mau ui » then 

2CAita* rdr 

-P-J777W 

The total torce F i* then Ihc integral over the range of/; 

The intcural tciihcr by lookínu in a tafc*c or making the aiHhiuiion u - í ' 1 1 ;' ) i\ 



1 1 


l 







Subslitution yield* Ibe resull F ■ 2C; * fa |i - ^ * |. 
The sccond term in hiackcft can be wriitcn a% 



if-i » a. where the biiuimbl expmuon hj* been u*ed* Subxtrtution of ihU inlo ihc above formgivei F * 



o» it should* 

EVALUATE: Ai v*0.ihc foree apfiroacbex a contfant. 
12.90. lotAim: Di»dc the tod into iniDiitctitmJ «cgmenb* Calcúlate ibe forcé caen icgtncnt cxcrti anm and intégrate 
over the rod (o find Ihe lolal forcé - 

Sr.r. Up: From *ymtnetry t ibe componen* of the uravilational forec parallcl lo ibe rod is /ero. Te» tlnd the 
perpendicular compoacnL divide the rod inlo segmenta of lenglh dx and mas* dm ■ poiitioncd al a di-iiuncc 

x from ibe eenter of ihe rod. 

t'xcc t tk: The mayniludc of Ihe grAYÍtational foree from cach icgmenl ¡i 

- ^* - ^™*^ ^ The eompooetilof i//* perpendicular lolherodb if f ' ^ ^ indio Ibe nct 



gravitaiional lorce i* r 7 - f 



2¿ 



The inte eral can be found in a lablc. or found by maLing the mbiiitution x ■ a tanft Tlicn* 
.fr = <i *ec J 0 4#, (x 1 ^ ■» 



f dr wotee 3 0d0 I f„ AM 1 - A * 




PKEtlODlC MOTION 



13 



13.1. lokvjlM andSt:r L'P: The target variabta are thc period 7* and angular Ircqucnvy t&> \Ye arv givcti thc frequeney 
/wwe tan luid ihcic uung Ecp.(13.1) *ndí 132) 

EXECirTE: <«> /-2201b 

r = l/ -1.220111-4.54x10^ * 
o»f : t - 2jt(220 Ib) - 1380 rad* 
<b> / -2(220 11/ } - 440 11/ 

r = l./ -1.440 Ib- 2.27x10 1 s («naller by a factor *r2) 
m - Istf - ! I .- ■ ■ 2760 rad * (factor nf 2 largcr> 

EVAUMTE: Thc angular ftct|ucncy i* dircctly ptononional lo thc frct|ucncy and Uic period n wvcrscly proportional 
lo ihc frequeney. 

13.2. lot-viiH and S*:f L'p: The amnlrtude ii thc máximum duplaccmcni from cuuilibrium. In onc penad ihc »b)cci 
goe* ftom x - +A ta x ■ —A and rctumv 

EXECirTE: (a) /J - 0 J 20 m 

41») OBOOs- J72 wlherwiod íx \Ms 

M /-i- 0.625 Ib 

EVAUtaTE: Whcncvcr Ibcobjecl is rclea*ed from rtst. ii* initial dnptotcmtni cqualx thc ampñtudcof il* SIIM. 

13.3. IdevTOY: Thc period is thc lime Corone vibration and i - 
Si: r O; Thc unitt of angular Ircquctwy are rad'v 

Excrirrt: Thc pcnodti °J4q' - 1.14x10 * * and Ibc angular Ircqucncy u ™ - - 5.5?* 10" rad/i. 
EVAUixTE: Thcrc are K30 vibratora üi 1.0 *. so /-H80 Ib . Tlu* i*cquallo IT. 

13.4. loEVflIY: Thc penad ¡* thc lime foronc eyele and thc amplitudc \% ihe máximum düplacetncnt from cquihbríum 
lloih ihctc valúes can be read (rom Ibc graph. 

Su l>: Ibc máximum x is lO.Ocnx The time Ibr onc eyek* is 16.0 i. 
I M í i n : MNIUm /al-00625 11/ 

<b r .1 líHítm. 

<c) r = J6.0* 

<dí** = 2ff/ = 0J93rad* 

KvAi.t xn ; Aftcr onc eyeie tbe motion repcatt. 

13.5. Ideyiify: Thü dihpbccmcnt is 4 ufa period. 
SefUp: r-1'7 -0.200». 

KxixtTt:: t ■ 0.0500 1 

i \ vu xn : Thc time ta me «ame Ibr x-^to x-0.for*-0to x - . for x--A lo x-Oand for x-Oio 

x=A. 

13.6. lot-siin: Apply Ei{.(13 I2í 

Si:r LÍP: Tbe period will be rwicc thc infernal bcrucen thc time* at which thc gtider is al the cquahorium poulion. 

EXKCITTC: k » <*m » \ m = ^ — J (0200 kg> -0292 N/nv 

EVAU AFE: IN- I k; m t k SO 1 \ ni - I k% < . 

13-1 



13-2 < hjpirr U 



IJ.7. lof-sim xt>JS#;fLp: U*e 1 I 1 10 cdcubtc T> l¿\ ( tí 2tto calcúlate and Eq + (I3.10| forui 
EXECirre: <u) Falf ■l/M0Ifa«fl.M7-i 
<b) m ■ : t f ■ ; t.ív-'í Ib) ■ 377 rad* 

<c> m-Jtim implica m =fcV =(120 NVml'(37.7 red*)' -0.OH44 kg 
Uvauah.: WecanYcrify itut aVaT hj* uníts of tuttv 

13 A iDfcVtlFY: Tbc ma» and frtqumy are rebf ed by / - J-^^. 
ftTlte fifmm^Lw MW y tt f^mf k ^. 

Kuciu: (a> m -0.750 ke. /, = L33lb*nd ot, -0.750 kg» 0.220 ku - 0970 ka . 



' J y, V Wí >.970kg 

33lb)p*JÉ, 
1Í0530 k F 



*70kg 
kg = 0 530 



EYajxaff.; Whrn ihc nuu ¡ncrcaicf thc ftcqucncy tkcicatct and whcn thc iras* dccrav* ihc Ihrqixncv 
I3JL iDBfnm Appty Eü*.(l3.ll)and|l3.l2). 
Uf: f = i/r 



<b) /- ^=16611/, (c* w-2jí = 16Jrad'i. 

EVALUATE: Wc can vcnfy lint I kg <N. m) = 1 1* , 
IX». lD*.vn*\*ndS»;FL'P: UttE<jMl3l3MI3.l5>. and (13.16). 
I \n i n : ,4-3 Omni. ¿=0 

w-2,xf = 2jr(440b/l = 2.76*10' radi 
x = <3J>xlO 1 ■ I" 

(b) r, ■ - :a\fíM + ¿) 

v H = ju4 = (¿76x10' n»liX3J>xlO ' rol - U nt» {muroium magnitudcof vdocitvi 
0 = -1 \ ■ \- • 01 

=« J ^-(2 76i-IO l rad*y<3J)*IO 1 011 = 2.3x10* roV (máximum maimiuiüc nf accclcraiionl 

díi t . l dr = *^«o<w = |2jr(«0H/H J (3.0-10 1 m)ttní|176* I0 1 rad*JD = <6.3*10' m>')ün(|276-10 l ml«V) 
Maximimi magnitud: thc jerk ti r»' 4 - 6.3* 10 mi' 

Eyaii aff.: Thc ptriod oí thc moiton ¡simall* mi thc máximum accclcraikro andjctk are brge 
13.11. IdeviwY: Use Eq,(l3,l9| lo calcúlate Thc inilial praition and vclocilyofthcblockdctcnninc rf. v(í)t*giv«i 

by*&Ml3J3>. 

SiifLp: ¿0%/Vi* ¿ero whcn 0 = ±<?2and *iiU^i'2)-l 



KXFltl FFJ ía)rromEq (13.19K 4 - tU Ull- - D9X 



*H°b¡M* 



<b)Smce *i0,=O.E*<13.14)re<iutrei¿ = ±¿ + Smcc me block 11 mitully nwing lo ihc left, f t . t «0 ■■ ..i L .¡ . ■ " 1 
rcqutrti mal %m £>0. no ^ = 1-** 

W ci* lo* > (tf2,) = -«n^tó^ <-0.98 mi tfafl 12 2 red**). 

EvaUtaTE: Thc jff}rc*uli rorxirtfcldocigivc j-0al s-Oand x < 0 for / ilighH) grcaicr (han /cro + 
13.12. lotAiin omlSiiFL'P: Wc ore givcn k. m. v,. and v.. U%c Eoi t <I3I9K (13. IKK and 1 13,1 

EUCOTC UíBqíl3J9): ^ = Jx¿ + v;V^ = Jj¿ *«i¿ * 



J - J(0.200 mi" * (100 kgK-4 00 ro *y . (300 N. rol = 0JS3 



PcnmSc Motion IJ } 



(b> \M 13. IK>: p - arelar* -i.-aw,. ) 



Jifa - WM> N m> 2 <)ü kg ■ \225 rad* 

<*=aretan - HflO mM L»ctan|,l 633>-5S.5 = iw 1.02 rad) 

{ (12.25 rad *X0.200m)J 

<C> Y-Hco*(fff glVC* ■ H ra3m>C<W i: 2rad*) * . i : :.. , 

EVALUATE: Al i = 0 Ihe block i* displaced 0 + 2<M> m from cquilibriurn but i* moving» «>J> 0.200 m. Accmding 
to I q I P 15). a phmc jni'x *> ín thc rangc 0<^<W givc* v tt <0. 

13.13. iDBnVK FtarSHH, tt t ■ -ai^-^t/'j 1 * ■ Appty üq*i\lMl (13.15) and (13.16), w¡* .4 and ¿ fnrai l-qMU.líí) 
and(l3J«. 

mi Un ; \ ero, c -15 era*. w-2.T/\with / = 2.5 11/ . 
i \m i n : <•) <j ( --{2*tl5lh>) J (U*IO J ra) = -2.71 mV. 

(b) Froro Eq. (13.19) me amplitudc ¡* L46cm.and ftom Eq. (13,1$) thc phaic angk i* 0.715 rad Tbe angular 
rrequene* i* 2xf = 15.7rad*.*i> * = <l.46 emicca «15.7 rad*y 1-0.715 rad). 

v,»(-22.9 cm/*)*m((l5.7rad*)f 1-0.715 rad) and ú t = (-359cmV) cc« «15,7 rad*)f * 0,715 rad> . 
EvaLUaTE: Wc cjiii verify tKit c*ir cqualrara for x, ir a and a t give ihc «pecified taluc* al 1 = 0. 
1X14. lotvnn 4jhIS»;fL'p: Calcúlale x usng Eq.fl3.l3). Use 7* ra calcúlate ^ and v, lo calcúlale o 
EXCC1TTE: i-0 al í - 0 cmplict that ¿ - 1t.'2 rad 
Thui i l i ^ . .' - .? 

r-2ftV«i ra tf = 2*T = 2jrl JO **5.236rad* 

j»<06Ü0 ro)cxn([5 236 rad*IO.4K0 *]tx 2>- ; 0.153 ro 

Thc di*iancc oí thc objcei from ihc cquilibríum pcaition i* 0.353 m. 

EVamafe: Thc prablcm docra'i tpcolv whcihcr ihc object i* nra\ iiw in thc t-.v or — x directora al t - i* 



' T ' 

S^rlip: Whcn m=42,5kg, r = 1.30*. 

EXECITTE: toplychror: 7=2*^ * = -^!- = ^MO^ '^ 3 ^ 
With peraon ín chain 7" = 2^gK« , (2J4«)y NW a l62 kgafld 

fft f ir r = 162 kg -415 kg - 120 kg 

EVAlAMFE: I'or ib; «ame *finng. whcn ibe ma** increaw*. thc period mcreatc*. 
1X16. lotvnrs jjhIS»;fL"p: U*c Eq(l3 12) fot frad liq < L 3,4) ra rebte a. and*. 

Exr.tirTE: r - Ixjm'k , 0.400 kg 

U*« ,-2.70 ckul^fc c— - <ftJ0OI »"- 2 - 7O ' llf '*> -»«»^ 

x 0.300 m 

7 = 2tJ5I = 10»» 

EvaUaTE: a A ii negatnc wbcn.T u ptHJiivc. ™, v ha* unttiof N.m and *Jmk hrauniuof*. 

13.17. IDEVTIFY: r = 2vr a |— . ir ^-—xso a ^—A. F = -kt. 

V* m n 

Si:f Up: íJ. « prttpdtlHraal tox so goci thtrragh crac eyek wHcn thc di^placcmcnt goci thirragh crac cyckr. Fnxti 
thc grapb. C4tc eyek or^ CAicod*frirai } =0.10$ ra 0,30*. Mithcpcnudü r-0 + 20v A = 2,50Ncm = 250N m 
from thc craph ihc maxiimiro accclcrairan ¡* 12,0 m'» 1 . 



Exicirra (ui r-2^J— cu'Ci m 



k 250 M'm 

|c> /* =¿4 = <25Q MrjiKO.0121 m> = 3.03 N 



i ' J Chaptrr 13 



J\ vu.ui: Wc can aUn calcúlate thc máximum finvc (rom (he nuximum 
Km -«wr dw = (D^3ksHl20ms 3 )-3 + lMN\ **icb agrec* w*h our pee™*! rciultv 

13.18. lo*~viuv The general expresión fot v L (i)i* \ - -f J^nii-t ^ ^1 Wc can determine <vand H bv comrurutg 

ihc cquation in the problcm lo ihc general form 
SCVWt *w-4.71rad*. »¿ = 3.60 cm* -0.0360 m.* . 

EXfXtTt: (al T ~* ™^ = 1.33 * 

a» 4 71 rail '* 

M _ 0.0360 m* 00360 m* , 4Í 

(b) J -7.64x10 7.64 mm 

ta 4.71 rad* 

M - m*A - (4.71 nd*)'(7.64x Uf 4 i.tl^nu 

(d> /— u» i - -II) 500kgX4 "I mUf'ÍÍA N m 



K\ Ai i xrh: The en eral I poiiiivc *ign in the expresión loe i.<í Mud thc factor of -x 2 both are rclaled lo Ihc 
pha&c faclor o 1 in thc general expresión. 
13.19. lo*~viuv Comeare thc *nccilic MMgiven in ihc problcm to thc ccncral form of üqj 13.13). 
Up: .4-740cm. *w-4.l6 racW , and -2.42 rad 



ExECLTi: <a> f- — - — — -1.SI*. 

tt» i .r r.J . 

ib) mmj¡*mk - (150 kgh4.l6rad*)' - 26.0 N.TO 

<c> r H a«l ■ (4.16 . ... m " ]■ ' crnl ■ 30 H cm'i 

(d) F + = -ir» F - U ~ (26.0 N. mHO.0740 m) - 1.92 N . 

M ílOevaluatcdat j = 1.00 «gira x = -0X1125 m. v É = -í t "■ 1 J . n i 

a t > -kefm B -<* J * ■ t0.2 1 6 id ■- . 

EVamaFe: The máximum ¿peed occuri when .y - 0 and Ihc máximum torce r* when x ■ ±>f . 

13.20. IDEVTIFV: Apnly *(r) = Accn{ta++} 

Hí)-<6.00 cmiccf4|20.9rad h s|O< 

J'vmiii; • Da: * - 600 cm . * - -1.50 cmwhen -1.50 ern - (6.00 cm)co4[20.9 rad 1 *)?) . 

t =( ! Imcccc/-'' 50 CP1 1 = 0.0372 % . It üfcei 0.0872 *. 

\20.9radfcJ V 6WanJ 

luiun: Itlakcs i -T 4 = 0075*togoírom t ~ 6 00 cm to .Y-0and0.150*iogoftom x- «n.OOcmto 
í — -6.00 cm . Our rcnilt a K-tuven ihcsc valué*, ai ¡i ihould be. 

13.21. lofcvruY: v^mmAmTxfá. K 9m , =t w >1* 

Sn LTP: Thc n>^ ha* thc %amc .tnced a* ihc tip ofihc luning fork. 
Exic t u: M v M =2^/H = 1t(392EI/X0.6O0xI0 1 m)-1.4Sm^ 

<bj AT W -t*»*Í- »t«>^0"10 fc kgKl'4*m*j J = 2.96x10 ' J 

EvauiaFE: b dirccily pronori»onal to thc frequeney and lo Ihc amptiludc of ihc motion. 

1X22. iDCVTin uhIS»:fLp: Use Eq<{ 13.21) lo relate A r and b\ ^dependí on * and A' depend* on v,. 

I \m i l l : u!í .'. /..wl'-A' uy^tlut 2( - /. 

2(4¿r') = ^- and x-±A- j2> magtutudc \% A:J¿ 
llui C ■ A' alm impl»ei thal 2K~E 

Z\±nw and r - -JFmA ^1 - I ^2, magnitudcU mA J2 

flir ta one eyele Jgoci ítvmA toOto - A toO to hl Tht» M*+A*fi tiríceand x--A\fl twiccincacbc>cle. 
Thcrcforc, U" Jt four limes cach cycic. Tbc lime belween V ■ A' occurrcncc» i* the lime Ai íbr *¡ , = +Atjl tn 
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r, *-¿j2. time Ai t for x t = -Af^2 lo X}*+A'j2+ lime Ai. fot r, -tA'Jl to r¿ -»H J2. oribe lime Ai 4 for 

a\ thown in IJcuie 13.22. 



ii 





liEurc 13.22 

ETakulatian of -V . : 

Spcviíy v in x & Ac&*6X [choo*c o - 11 wx - J al j - 0 > and lolve íbr f. 

\^2 implie* -K 1 ^ l yflí,} 
ciMAtfj ■ %o tít, -arccoH.) 1 j2>-<r ; 4 rad 
f, ■ ít . 4 ai 

x t *-A-JÍ impliet -Ají - *4ro4<xtf¿) 

ClM4Uf v - ! ' * ^ J :.n: 

Aí + -t 3 -t % -It/Iaj-t 4a»-t 2<v (Nole that thi* U 174, or* fwnh period ) 

£ " ak ulaíHin ai' A; : 

x,*-AíJ¿ ¡mplie* r t -XTÍ<M 

^ ■ -X/JÍ, f, ú me itrtf ftme after J ( mal gira rosar, - -1/J2 

Thu* t 2 - 5*4 and r, - Sxf*<* 

**é mt i ~k m $*M*-lMt4m+Mf2m, so Uibeiamc a* A/.. 

Tlierícre ihe oceurrences oí A' - í are equally «paced in unte, with a lime ¡nterval behvcen ihem of x 2j<> 
EVAUJAFE: This u onc-fomlb F, a* ¡t raust be ¡f therc are 4 cqually spaced oceurrcncc* each peried. 
(c) i \i * t n : x- A?2 and £/ * Á' - £ 

K » £ -V m$kj-±kx* - $UP-$kiAtlf »4¿4 J -fU' ^ JM*/B 

A' 3U*/8 J . ü -W* 1 
Then and — 



E |*f 4 £ iW 4 
EvaUiaTE: At v-0 all Ibe energy i* kinetic and al x*±A all the energy i* polienlial Bul K ~V does mH oceur 
al x * anace? 6' U net linear in *► 

13.23. IdevtifY: Velociry and pollino are rclaledby E ~^k4 s -yim* f ^kx 1 . Acedera t ion and positam are rclaledby 

-A» ■ ma A . 

St.r Ll*: The máximum «peed ii at x ■ Oand the máximum magniiudc of accclcralion i* al x-±A* 

EXKims íaífor i-O. and i> - ^J— - (0.010 mi j— — -1.20m.i 

\m Vi) 500 ke 



ib) \\ = ±A—Ja í ~x l « ±J JtaOMm^-iaOLSm} 1 -ILIlm-f. 

Y"v Y 0.500 kg 

The ¿peed ¡s vb1.1I n . ■- . 

(e| Tor x = t A . tf lBtl - — A - f 4S0 M pi \q^040 m \ . J6 m'S* 
m \a500kg; 

_ _(450N.m H -O.Q l 5 m)¿ rfU ^ 

<ir 0.500 kg 

<c> £ - ¡fkA* » j(450 N mX0«0 m) 1 ^ 0 360 J 

EvaUtaTE: Ihe speed and aeeekmion at t - —0.01 5 m are le« ihan iheir máximum vjlues 
13.24. lD£vnn andSuFL'P: a t u rvUcd to v by l'q.l ! J + 4) and v; is related lo v hy l:q 1 1 3 2!> j ■■ 
x ~±A Mtá v U a máximum i*ben v-0 j íi relaied loi by L m 1X13). 
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EXFXI n: <a) -kx-ma *o j. - -<¿ m)» (£4 13.4). Bul (he máximum |v| so i?^ -(AVaiM - <» J /J. 
/-0K50 11/ imphci &-&m = 2jr/ -2jtiO*5a\\*)-$Mad* 

v B v - ivi when y - 0 *o ^■■ti^ — -^Li 1 

v H ■ ^/tnM * <*A - (5.34 rad*M' 1 SO m) ■ 0 961 ms 

ib) tf, a-( ( t>»)*»-*tf í ta-(S34rad h <) i (0.090ni>--157 mfc* 

¿mi;^' 1 ' saysihat i- t -tJttm^A*-*? - ±<^¡A Í -x 2 

= 1(5.34 raúVi^O.ISÜmr -(OMm) 1 - 1Ü.832 m* 
The speed ¡*0S32m'«. 
<c, Y-.4co*M+fl 
Leí 0--X.2 sothal * ¿0 al />0* 

Then x - ¿taflfytf -» 2j = H*in{ari (Using the trit? idenirty voh j - -t 2t - «nu ] 
Find Ibc lime 1 that give* y -0.120 m. 
OI2Üm-<O.I80m)*m<A*) 
llHi -06667 

f = «wioi0.6667lw-0.7297 n*(134 rail » -0.137 i 

EvaUaTE: It lakcs onc-founh of a period for incobjccl logoftom x-0 lo i - .( -O.lSDm. So the lime wc have 
cakuUtcd *houU be I era than TA T-lf -1.0.85011**1. 1»* 174 -U95^ nnd ihc lime wc cakulatcd u Ick 

than lh¡*. Note tlut the and v we cakulatcd in pan <b) are ¿mallcr in macnitudc ilun Ihc máximum valué* wc 

cakulatcd íd pattft). 

(d) The conservabon of cncrgy cquation reble* r and .y and F - mu reíales a »d .y So the speed and accclcralwn 
can be round by cncrgy method* bul the time carniot. 

Speeífyingxuniquelydelermine» n. bul determine» only Ihe mairniludc of >\; al a given .y ibc object could be 
moving eilher in the t- v or — x dircciton. 
1X25. iDBfnm U*cihcrctultf of&vamplc 13>15andaboraai E-LkA s . 

Ser I f tn the examplc, A¡ ■ ^ ^ — and now wc want vf¿ - . Thetcfore. i-^-Jí— - .or m- 3*1/. For 

tbecncrey. »¿W;, bul since £> * ¿£ . and ¿£ utositohcaE 



r.v All afe: Ihc pulty and the moving block underco a total iv mciattic coIIimi** and ihe mrchaiucal cnergy of the 
sysicra dxrcaEcs. 

1X26. lot-MiM and SE) Vr: tic Eq.(13.2l>. x-±A& unen \\ -0 and v. = ±1^ when x=Q. 
ExeCife; (a) fiWtit 

£a^(ai50 kgKO J00 mi)' - T <li» N m)(0OI2 m> 3 -0J32&4 J 

<b> £a¿fcf* m ^ - V2£ A - ^/2(u\C2M J V'30O NVm - 0.01 4 m 

M E-lim^ so v M =^2E'm -^2(0.0284 J).U15Dkg -0.615 m 1 * 

EVALUOTE: The toul encrgy £ ü conitant huí ii tran&fcmd bctwccn kinelic and notential encrg\' ovirinc the 



1X27. lOCVTIiY: Comervation of encrgy *ay* ^m 1 and Nc«iDti'« ^ecood Law*ay* -A v -™. 

Sef Up: Lct - y be toihe righi. Lct ibemxuof theobject bem. 



a: l 0.6130 m 



^-^.(i«. AH ; -^iO.fiOPmr -t-j ^™ ^ |t2 20m^) : -0 



- 0.S40 m . The obicct will thcrcfiirc 



travclO.K40 m- 0.600 m - 0.240 m to ihe rij^ibcfore slopping al it* máximum amnlitudc. 

EvaUiaFE: The accelcrahon i.% nol conMani and ^cannoiuic the conMant accelciaiton kincmaiK eüuation> 



[3.28. lofAiin: Whcn the box ha* it* máximum *pccdall of thc cocrgyof thc *YMcm i* in thc formof kinctic 

Whcn ihc rtooc i* removed ihc o&ci)laúng ras* i* dccrc&tcd and the *pccd of thc remamme ma« » uncltanticd Thc 



¡i i^*«4« J— 



period ii giren 
SefUp: The ir* 



5.0 kg _ p740> 
375 N m 



(b) Juxi be ínte thc xlone ti tcnuAcd. thc ¿peed ix ■ ^——-—(0.0750 mi =0.494 tus . The jfieed of Ihc box 
i«i"t altcrcd by removinc (he *(onc bul Ibe roaxxon (he *pnn£ dccrcascx lo 5-20 kg. Ihc ncw amohiudc u 



* (0.494 mx) -= 0.0582 m /Thc ncw amplitudc can abo be cakuUted m 



375 Km 
D.0750mUOXl5&2m 



y K h M kg 

E\ ai t \n; Aítcr Ihc tfonc is removed* the cnergy left ¡n ihc lyilcm ix 

7 m ** v t* " f * s 20 kgK0.4<M oi'l)' ■ 0.6345 J . ThU then ¡x me cnergy xlored in thc xpnng at ru máximum cxicnxion 
or comprcxxton and -t í ■ 0.6345 J . Thixgivci (he ncw amplitud? lo be 0.0582 m t in agreement wiih our prc\ioux 
calcutaian. 

13,29. litis nf"v; Work man mcrual framc moviog wiih thc \ehielc afler the eoginc* have %hui ofV. Thc acccleniiion 

befóte enginc xhut-off determine* thc amounl ihc «pring i* imtially itrcichcd. Thc milla] xpeed of me bull rclalivc lo 
(he vchklc u /ero. 

Sr.r l e: Bcíbrc thc engine Autoff Ihc hall haxaccclcration a-5.0Omfc*. 

EXJXITT: U> fa-n^gha ¿ ^gj^ <"° ^K5.00 w'< j ) 6M7?> ro . Thix i* thc amplitudc of thc 

í 225 Vm 

*ubiec¿ucnt motion. 



I I7_ 1 1225 1 
~2¿xym "27vT50 



gíves i*^ ^-fflií^aod v ^ ■ ^ J Vso ^ * 0 0778 m >' 0 624 



Evaii aff.: During (he himple harmonic moiton of the bal! ¡ti máximum accclcraiion* nhen x - XA * continúe* lo 
have magnitudc 5.00 mis* . 

13.30. iDEVtitY: Use Ihc amo uní ihe ipring i.% xtrcicbcd bv thc ivcighi of thc lixh to calcúlale the forcé conxiani k of ihc 
ipring. r - 2mJS5* m &A ■ IxfA. 

Si:f Up: Whcn ihe fíxh bangN al «si (he upnard sphng forcé |r.|-A(equah thc wcighi«i£ofihc futK / -IT. The 
amplitude of (he SHM t% i) 0500 m 

K\i:c itf.: W - ^ - ^ ^ - f65J> ^ > t «,ttf ^ 

A' 0,120 oí 

<b> T = 2^ % f = 65J L kg = 0.695 * . 

(C) , ^ .ili, ^00500 m) 
' T 0.695 j 

ui: S'oiediat T dependí onry on nr and * and a mdcpendcnl of thc di^tance the f»h ispulkdeb>n. But 
v M doci depend on thii disiance. 

13.31. iDEVHfY: iniüalry panof ihc eneran kinetie encrg> + and paH i% poicmial cnergy in (hexUetchcdxpnng. Whcn 

x — ±A all (he energy i* poleotial cnergy and whcn ihe ghderhai its máximum tpeed all the cnergy w kinel»: cncrgy. 
The total cncrey of the *yitcm rcmain» cooitxil during Ihc motion. 
SKFlip: JmiuUv i- - tO.Sl5miand v- t0.0300m 
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Exm rr: <u) InriiaJIy the energy of ibciyitcm i* 



^/r'fSBf-**» — "*■• ■ ■ 

Evaii aff.: The amplitudc and (he máximum xpccddcpcnd on (he total energy oí the xyxtcm bul (he angular 
frequeney ix independen! of the amount oí energy in ibe lysletn and juxi dcpcnd*on ihc forcé ct*ntanl of the xpring 
and (he maxs ofibeobjecl. 

13.32. IDEVTIFY: K = ^mt 1 , - mgy «id --ffcr* . 

Sr.r L : p: Ai the lowext poinl of the motion*. the xpring ix xtretched an amount 2.Í, 

Hm.í i rn (a) Al ihc (opof ihe motion* the xpring i* unxirctchcd and so ha* no po(cntial energy. the caí (& nol 
moving and %o ha* no kmclkr energy. and (he gravitalional potcniial energy reíante (i> (he bottora ¡x 

ImgA - 2(4.00 kgM980 nV* : H<> 050 mi ■ 3.92 J . Thi* i* ihe loial energy, and * the «ame total for each parí. 

<b> V m - DU* - 0. » U„ t - J« J . 

(c) Al equilihmim ihc *nr¡ng u ¿Irctchcd half a» much * il wat Ibr pan (a), and *o t'^ — ^(3.92 J) - 0.9S J, 
^-^(3,9211-190^ nnd*oA'-0 + 9Sj 

Kyaji aff.: Duhng (he moñón, work done by ihe forcé* tranxftr* energy among ihe fbrmi kinctic energy* 
graviialional potcniial energy andclaxtic potcntial energy. 

13.33. iDEVtlFY: The local nm of the cquilibrium poxilion. (he potition where ihc dowmtard graviiy forcé « balaneed by 
(he upA ard xpring (otee, change* when Ihc maix of (he suspended objeet changex* 

Sur Uf: At ihc cquilibrium poxilion* me spring isxrrctchcd aditiance*/ The amplrtude ix the máximum diitance of 
(he objcel from ihc cquilihrium pojjinm 

fcvi.ci n; (u)The (orce of ihe gluc en me towcr bal! ix ihc t~mard fonre thal decelérate* ihat hall upnaid. The 
xtjr*\ ifd accclcration of ihc iwo ballx b greateit when thcy have (he grcaie*t dowiwaid dixplacemcni, so thi* i* when 
(he Ibrce of (he gluc mu*t be grealcxL 

(b) Wi(hboth hallv (hcdixiancc J, mal (he spring ¡xitrctchcd al equlibritim ¡x givcohy kd i ■ (1,50 kg - 2.00 kg)£ 
and - 20>E cm , Al (he knvexi point ihc *pring U ¿Irctchcd 20Rcm+l5J>cra-35.Scm. After the l_50 kg hall 
fallxoff thcdixlancc ¿* ihat the xpring i* itretched al cnuilibrium ¡x mven by kd. -(2M kit)p and é> - 1 1.9 cm . 



The ncw ampHtude ¡x 358 cm*l 1.9 era* 23 9 cm . The new 



Í.VAl-l \J\.\ Ihc ¡vtcntial energy siorcd m (he spnttg doexn t change w hen (he lowcr hall coraex looxe. 
13.34. iDEvnrv: The lorxion conitanl A*bdennedb> + r f — j:h: T-\?f. 0(t) -&coM#* 



•\ hi:r. :h H 



SKrllR Forthedixlt, /-¿W/í*. r Ai i=0. tf-e*3.34°- DX1583 rad . xo ^-0 . 

EXECVTB íuj «--—i» +- 2 1 ^ 8 71 X -m md 

^ 0 0583 rad 0.0SS3 rad 

«t »«2ff/»li.6racU. 0(i)-(}J4 > >ciM(|l3.6mL>i]r). 

EvaUiaTEi TT*c Jre^ucncy and períod are indcpcndcnt of the inilial aneular d^placcincni, *o long ai (hw 
dixplaecmcn( n xnull 

13.35. lof.Mit^ ind S#;r L'p: The number of ticki per «ccond tcll*u* Ihe períod and therefore the frequeney. We can ute 
Ibrmula Ibrm Table 9 + 2 (o calcúlale /. Then Eq + ( 13.24) allowi w (o calcúlate the lorxxra conxiani a . 
EXECUTE: Tickx four lime* caclt %cc«od mr»í»ci (i 25 \ pcriick l'jch l»cL i* half j penod, so 7-0.50* and 
/■l/r*]/0.S0»-2A»H( 

4a)Thranmiraplici t -MR* (from Table 92). / - H) 9ixi * 10 kv :-ít 5S - lo m) 1 - 17x10 1 kg m 1 

<b) T^lzJFZ m KmliZxfTf -(17x10 ' kg m J M2^0.50*r -4.3^10* N ra rad 
EVAUiaTE: Both/and k are 
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UP: /«¿mir. 
EXEttrTE: Sobing Eq (13,24) for v in tcrm* of thc pcriod. 

* *(t) '*(r^») K^ 2 K2.00*IO -1 kgHlJOx»'* ra)*>-i.91ttl0 1 N-nVrad. 
EVALUATE: The kmgtr ihe penod ihc onallcr Ihc tor*bn coatlam 

I3JT. iDtvniv: /-¿^- 

Si:f l>: / -125/(265 *>,lbenumber DfowilUlkmsimscttKHl. 

* 0.450 Nmrad 
Iami u: / - , - . -0.0152 kti m\ 

WY (2*íl25)/<265*))" 

EVahafi; Tota large? «nallcr. 

13.38. IDEVTOY: 0(0 iígivtnby 0(0 -fteo^^* [-valúale thc derivatoe* spwificd in ihc 

Srr Up: ¿Ícosa* )/a7 ■ -muía* . ¿(una*) *fc - akoiat * <io J 0 tcw'tf -I 
In thu proWcm, ^ - 0. 

ExcttrTE: <a> f.i-áfi - - ¡«id £tm-J 0coi(*tf f). 

(b) Whcn ihc angular di&placcmcnt is ft , 0 - ftco*ku.'> . Thb oceunat .♦♦!>■ i . . «y - -i 6 p Whcn ihc 

angular disfilaccmcnt i% *y 2. Ocoi(ftf )< or - ■- mvní) <v = - tince *io(ft*)--— - a ■ — - — . nnee 

1/2. 

EVALUATE: coMAO-y whcn ai -t. 3 rad-60 4 A( mi» f, cot|aff)ú 
required. Thcrc are oihcr Jargcr valuci of a* Uvr which 0-B.2. bul 0 b i 

13.39. lot-MiH and Si; r L'p; Fofhrw ihc procedure outbncd in ihc proMcnt 
EXECUTE: Eq.(13.25): V *U MRJr? 1 -URJrf]. Leí r»Jt+x 



Apply Eq.l I3.2S) v*iih 11—12 and ai- ; 



■ | __| 

v 

Thu* t r -6\ l (l-l2xr l ^+66^Jtf-2*12*^-30* i ^--t/^SÓÍ/.y^ Thu b in me forro V -^-i/', wiih 
A - 73Vjti¡ r vrtiicb i* ihc ame a* ibc forec ctKuunl in Eq.( 13.29), 

EVALUATE: F --rf&VJv «o f '» c i conuins m addi(i>c can*iant mal can be «I lo any valúe vtc wuli líU b -0 
then 6* -0 whcn .y-0. 



13.40. lotAim: foanvlc 13.7 tclU ui that /■— 
Sirlp; I u -1,66*10 * ka 



EXXCUTE: / = — í - — | : \- = 1.33*11] 

2*Y|rfí./2) 2*\(I.00R)<L66*I0 1 kg r 



iMf < huptrr 13 



EVAUUTE: Thi* frcqucncv n much larger than/cakubccd m üxampk 13,7. Ilere m it&malkrby a rector of I 40 
huí * h stralkr by * factor of 1 . 700. 

13.41. IDEVHFV: T-2xJUgis thc time for one cúmplele Mving 

Sir L'p: Toe moiiixt from thc máximum ditplaccmcni on cither «idcof thc vertical lo thc vertical posición » o ni* 
Ibuith of a complete % wing. 

I Ai * i rt: (u) To thc given prccUion.. ihe imall»angk apptoximaiion i* valid. Tbc hichcsi 
«peed ¡* al the bottomof the are* which oceur* añera quarter period, i -0,25 s. 

4b) The same a* eakulated Ín<ah 5 *. Thc period i* xndcpcndcni of amplitudc. 
EVAUUTE: Fot i malí amplitudes of swmg, ibc penod dcpcnd:t on¿ and; 

13.42. Ide-viifi Since ibc tope i% long compaicd lo thc heichi of a per*on. the *yitcm can be modeled a* a «imple 

pendulum. Since thc ampütuúc t% xmalL thc period of the moción is T-2x C- - 

Skf UP: From hi* ¡mtial po&Ít¡on to hit lowevt poinl i% one-founh ofa eyek. lie recum* to thn kwesi pixnt ín time 
TS2 from when he wai prcviously ihcre. 



<b> f-3J74-3J4«. 

EvaUaTE: Thc period b inoepenocni of hi* mas*. 
13.43. IdENUFY: Since the coed i* much longcr chan theheigbt of ibeobjccL theiyitem 

pendulum. We will atttimc ihe atnn) ilude of va in? it stmlL 10 ibai 7" - 2x [£. . 
Ski Up: Tbc nutnber ofxwing« periccond i* ihe trequeney / - — — — — JiL 



^¡JülL ^ 0-407 smng* per mond . 
2x l 1 .50 m 

EvaUiaTE: Thc period and frequeney are both independent of the manof ihcobject. 

13.44. iDEvnFY: Use Eq.d3.34) to reble the period tog. 

Si i Lp: Let ihc penod on earth be T t - 2x^i g, , wticre i% -9.80 mv»\ the vahie on eurth. 

Leí the period on Man be T u - 2x^L¿ xt ~ where g v - 3.71 m %~. ibe valué on Man, 
Wc can elimínale which wc don't know, by taking a ralio: 

Encime ÜL-ta fT-L,^- (É 

EvaUiaTE: Gravity i% weakeron Vían 10 ibc period of thc pendulum i* longcr therc. 

13.45. IDEVTIFY and S#IF L'P: Tbe bounee ftequeney rt given by ICq.í 13.1 I i and the pendulum trequeney by Lq.< 13.33). 
Use the reialkin beiwccn these two frcqucncic* ihai h tpccilicd m ihe problem tocakubie the cqjuilibriurn kngth L 
of the sprinVx when thc appk hanus at retí on iheendof the tpnnu. 



EXECITTE: \ertiejl S! 1\I 



pendulum moiion lunall ampütuóe 1 )! f — I 
The problem speeifte* mal f p = ~ 

± JZ '-LÍI 

2^V¿ 2 2.rVm 

- A 4m to i - 4gm í ^ 4n- * ^ «LOO N).L50 Vm ^ 267 m 
EVAUiArE: ThLs c* the TjreirAet/ length of the «pring, ii* length w hen che appk i* hanging from it. (Note: Small 
inckof xwñig meam v t% *trall a« che appk pauc* chrough thc kwesi poinu *o ñ «nuil and the comnonent of 
■m.i; perpendicular to the spnng t% imall. Thus thc amounc ihe tpring i* ¿tretebed chances very hule a* the appk 
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Ideyiot: Use Nwlorf* Mntod law to cafculatc ibc 



tu 



Sur Up: Tbe &ee*bodydtagratn íor ihe apple hang inc al rc*i on ihc ctid «f thc sprinu i* vnvn in Figure 13.45 



I AJ 



V. - m* A - u A = LOO M 50 N m - 0.667 ra 



Thut ihc un&ircichcd Icngth of thc spring is 2.67 m-0.67 ni - 2.00 m. 
h ui mi ; Thc sfirinc shortcns lo ii* uroirctchcd Icncth when thc applc i* removed 

13.46. iDEVtltY: d M ■ ¿¿r , tf^j ~La>' and .r ■ ■ Apply conservalioo ofencruy 

Sur Up; JiHt aficr thc sphere i» rclcaicd* «■ Oand a J4í -0 . Whcn ihc red b vertical* u 
ÜXKt i ii : (a) Thc forcci and accclcration are *hown in Figure 13.46a. a tU ■ 0 and a ■ 

(b) The Ibrcei and accclcration are shown in Figure I3.46r>. 

(c) The forecs and accclcration are *hmvn in Figure 13.46c. V ■ give* mgL{\—CQ*&) 
v*^2gl(l-e«ie». 

Evaia" Aft: As thc rod moves tiftvard thc vertical* r mercase** j , incrcasc* and a 



0 



W and 





r>1 

I iKurc 13.46 




13.47. losviirv: Appty T*2x$L9g 

Stí L i : Ibepcriodnf thc pcndulum i* f *)/l00-l J6 * 

4> 3 4x ? (0.500 m 

EyamiaFE: Thc same pcttdulum do carth, whcrcií is smallcr, would tuve a Urgcr pcrttid 



Iam i ii: g - 



-10.7 ra/* J 



1X48. mplrtudc Uassurned. T - 2xJ— 



l."p: Thc fourth lerm in tiq,il3J5| would be 



sin — . 

2' 4^6' 2 



í— — — 



"'[US" 



ib) r 



-(2.84 s)^] + ÍmdM3JI*+^*ni' 



Z25 



5.0* * sin* 1 5.0° t - 2.89 i 

2505 



:K4*~2.89* 



(c) Lqí I 3 35 > i* more aeeuratc Ecj.i I J .34) ls in error K " - 

EVALUATE: A* Figure I322 in Scciicm 13 5 snowi* ihe ^prouiration F, - i* 

truc valúe ai tfincreases. Eq 1 1 .OJMhcrcforc «ver cMimatcs thc rctformg torce arri this rcnilt* 
smallcr lh-m thc aciual valúe. 



m «i valúe of T 
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13.49. loixnrv: r = 2jr^í 

Su U*: <f-u\2Wm, r-(l20i),lOO, 

r V -■_„ 



^ 0.129 ke.nT 



* / 

Fvai i vfk: If thc toó wcrc unifornv iut ccntcr of uraviry wüuM be ai its geometrieal cerner and m would ha ve 
Icnglh / -0.400 m . F<»r a unifrrm rod wiih an axn ji «oc cnd. / -^mf* ■ 0.096 kgm\ Thc valúe of/ f<»r thc actual 
rod i* aboul 34% larger ihan thc* vjiluc. 
1 3.5€. loevnrv: T = Ixjlimgd 

Si.r l."p: Frotti thc parallcl axr¿ thcorcnx ihc imimcni*af incriia of thc hoopabout thc nail \% 
1 - .IflT 1 * Mr* ^ 2*VJt* . rf = JI . 

i Am i n: SolvmgforA. # i;7"'/K.t - 0*496 m. 

EVALUATE: Asimple pcndulum oflcnglb £ - R ha* period 7* - 2x<Jfi g . Thc boop tu* a period dial ¡* largcrbya 

factoroí^!. 

13.51. iDBflIPV: Fora pr^*¡cal pcno\iluirL T - 2*^7 .' m£d and for a ¿imple pendutum T -IxJUg . 
SKI L p: I « ibc iiiuation dcicnbccL I - «£* andJ » £ . 

ExxCUTt: T i 2t^^1 - IrJUg . %o ihc lwo exprcMon* are thc 

EVai i aff.: Eq*( 13.39) applir* toany pcndulum and reduce* to IU|>( 13*34) when ihc cundition* for thc object to be 
4 < imple pcndulum are latitficd* 

13.52. iDEvntY: Appty Ia|.< 13.391 ti> calcúlate / and conscrvaiton of enere)* id calcúlale thc máximum angular specd. 

SCT Lp: J -0.250 m ln pan(b), \\ =^(i-co*0) , wtúi B-fMOOradand y t «0- 
ExEturc: <a> Solvimj \.i\t. 13. 39) íbr £ 

/=JJlj «jrf^jíí^ij (L80kg)(9SQ m/a'^SOm^O.WgTkgin'. 

(h) Thc small+anclc appmxúmtion will not give thrcc-ilgurc aecuracy for (í - 0.400 rad. From energy 

■-■ mi .kí ■ ni 'ii- '"i-.;, ■ ! ci -. "| - ilfl'^. £xpre«ing in term*ofthe period ofmiall-angle oscillatim*. Ibis 



< | - M,e »-y 2 (¡3557) -*V* 

Evai i afi.: Thc time for thc moik*n ¡npartfb)U r = 7/4 + so íl^ - &0>&t - (0.400 rad) (0.235 *) - 1.70 rad's , 

£1 incrcaac* dunng ibc molion and ihc final £1 i* larger than me average Cl . 
13.53. lof-vim : Pcndukim A can be ircalcd a* a "imple pcndulum Pcndulum B n a nhyMcal pcndulum 

Skf Up: Fot pcndulum thc disiancc^ fnwn thc úx\% lo thc ccntcr of gravtry \% 3£/4 . í (flii'2)£* for a bar ol 
man nr. 2 and ibeaxii alone end For a tmall baHot 'ma»« I al a diiiancc £ frorn thc axis, -<m 2}£ J . 

F\i:t 1 tk: Pcndulum.l: r,-2<? I— 



rendulum B: f =1^+/^* i(a«/2ft¿ 7 1 (m/2)l' ■ jmt 

r É -2a-J 7 -2tJ r ^ -1t EJlT-^^g j£ |-0.943r ( .The period u kmger forpendulumJ, 



cih! oíihc iod mctcaic*. ihe pcn*ad camparín) to that for thc rod alone 



Periodo Moikiti 1 s 11 



13.54. iD&vnrv: The ornamcni h a physkal pcndulum; T -Ixjlmgd <Eq 13 39K Ti* Ihc largel variable. 

Skf 1 ] p: / -5MR* '3. ib: moment oí inertia about anaxis al theedge of thc sphere. d is thc distance from ihc axi.s 
t0 ihc center of gravity, whkh isat thc center of thc *pbcrc, *o d - R, 

EVaUUTE: A simple pcndulum of lengih Jf-0.O5Qm has pertod 0.45 s; thc penodoí thc phys»al pcndulum i* 



13.55. iDEVflFY: Pendu kim A can be ircaicd as a simple pcndulum Pcndulum # i* a physical pcndulum Use ihc pitalkl 
ia¡* Iheorcm lo find ihc momcni of inertia of thc hall iti 8 liiunax» at Ihc lopof thc ¿trine. 

Skf L t p: Fot pcndulum 8 thc cerner of gravity U at Ihc center of thc hall* w J - L Tora xolid *phcrc with an jais 
through iis center. / 1( - ±\(R . R-L2 and i^-^Xttl . 

r I— 



Pcndulum A: Thc parallcl-axu theorem say* t m * m + itf ■ ^ift 8 - 




Evvii iaFE: Thc center of thc hall <** thc same disiantc (rom rbe lopof Ihc stnnc lor boih pendutums* bul thc mas* 
is disinouicd dilTctcnily and / i* larger for pcndulum & cven ihouch ihc oaws ate thc umt 

13.56. lot-MiFi: If thc systcm is critkatly damped or overdamped it dacsn'l oicillatc. W¡dinudamp¡nir A <$ - Jm .i . 

í* P" 

With underdamping* ihc angular frequeney has Ihc uctallcr valué ta ■ ,i — - — — . 
Milr *-120kg.* -250.0 Nm. ■Hitafe. 



£1250 0 N : 
V 120 k « 



CXEtiTr.: (a) *> m .¡ — ■ f - 10.66 rad-'s . a>< & so thc syslcm is 




6-2»ji-Ér* =2(2.20 kg) l^^-(1022 «ÜW 1 -13.3 kg* 



(b) Sitie c thc motion hai a period thc sysiem oscíllalcs and is underdamped. 

EVAUUTE Thc criiKal valúe of thc damping constant is /> - 2jS - 2^(250.0 N.-mif 2 -20 kgl - 469 k¡r/s . In Ibis 

pmblcm 8 ¡s much Icss ihan ¡ts critica! vahic. 
13.57. lof-vnn andScFLp: Use Kq{\ 343) lo calcúlale and ihcn r-afllr. 



/* = » le - (147 radViV 2t - QJ93 11/ 

(b) lof.\nn and Sr.r le: Tbeeondition Ibr crítkal damping ¡s b-2>fkm (Eq.13.44) 
EJBCim: h ■ 2^/(2.50 M mHOJOO kg) - 1.73 kg s 

luiun: Thc^ulue of o ¡n pan U) is lesi than tbc cmkal damping valué found ¡n pirt |1>}. With no damping, Ihc 
Irequcncy b / -0.459 llz, thc dan^inc reduces ibe osctllainn rrequeney. 

13.58. iDEvnn : From Eq4l3.42>^ - A % exp | ^L'¡ . 

EVALUATE: a ebeck. note ihai thc oscilbtion frequeney \% thc same as ibe undamped rrequeney to 
4.8« 10 *%, %o Eq. < 13.421 is valid. 

13.59. iDEVtliY: AtOi*gwenbyEcj.(l3.42). n.-Jv/Ji 

Kuciif: (a> Wnh ^ - 0 . mn - .í 
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— - r , ítnwj l and al t -0. v .--Ab 

,., „.4.*--[(¿ T -.«) ra „-,.^„„^.„... 

(Note Ihil thit » (-M; -kx*yfm.) Trii* will be ncgamc if A < Jlb*. ifA - Jlbtr and powiire if A > Jikm. 
Thc graph in ihc ihrcc cait^ uill he curved not curved. tir curved up< respcctively. 

Evai.i vff; *i.K)j - O corrcipnndf tome tituation oí critica! damping. 
1X60, locvnrv: Apply liq 1 1 XJ6>> 

Su l p: ■ S 'A «i correspond* lo RWij and in thu Ec¿ + | 13*46) HÉM (o A-F^/b&i . 
Cu: cite: (u) j4/3 
<b> 2^ 

J"\ muík: N"«ic thaj ihc rcuinancc rrequeney » mckpcndcni oí thc valúe of rV iScc Figure 1X28 in thc tcxtbookf 
1X61 lot% n*\ 4ihI S»;f L'p: Apply £q.< 1X46): — — 

I \m i i i : (a) Consider ibe ipccial ca*c i*tiere k ■'. «o A - / L.'A« and A - / ir» Unrlx of *** are 

m * - ifpi^* l or uniis cumutenev thc unrt* ofA mu*l be kjt'v 

(bM muoí yfh¿ HN mikí?]' -4NkgrnV' : = ((kg m«'KkgVtn^ = ikgV) tfí -kg/i, ibe same *i (he ujuk í¿>r h 
<c)For ai, -^/#m (at retonancej A-{F i9 „fh\*Jm?k. 



VA 0 2 Jim 02/c í 



<ü> b-0Aj£m 

*V* 0 4jíní a4* * 
EvaUiaTE: Both ihcsc rauta agree with what U «bown m Figure 13.28 in ihc lexibook. As o ¡atretjxcx thc 
máximum ampJitudc decrece». 
1X62. lOEVTIFV: Calcúlale ihc racoanl frequeney and compare lo 35 í U 
Skf Lp: Aiinrad«Íxrelaledlo/Ínll/by :.t i . 

K\n i n : Thc rcMHunl Irequcocy n <Jtm ~ ^(2. I * 10* Ním)/l OH kg = 139 llt and thiipackagc dc*s 

not meel thc crilcrion, 

EvAJ-i aff.: To makc (he packagc meet Ibc rcquircmcnt, lacrease Ibe rctonant frcuucncy by ¡ncrcasing thc forcé 
. 'ii-uir.; v. 



a - — A - a* A \% tbe maimmjde of thc aece letal ton wben i - i A . v - . t — H ■ 

m \m 



r r 

Str I p: A- 0.0500 m t o»- 3500 rprn ■ 366.5 ndb . 

\ \a \ \ \ . M o^-o?A -(366,5 rad*y<0 + 0500ml-6. 72x10* mV 

<b) f^»-^ M0450kgK©.72*l0 l mV)-X02xl0 l N 

<c> t v =Ai^ = (366 5radi)(0 + 05Q0ai»-IKJ ra*. Jf JW -t*^ ^ ¿(0.450 kgX18.3 mfcf - 75.4 J 

(d) . ,-1-^-^86, nr 1 . . p- "gW"^ . L7ftxltf w . 

j 4 4^ 2<4.2K6v]0 s) 

(e) i/ hb u proporiic<ul tow' , v> F MíAí incrcaw» by a factor of4, to 1*21x10* N . v aM - v. i.il to <o A so 

v ta doublc% t t« ^ 6 ms ( and increada by a factor of 4, lo 302 L In part tdl / « ruilved and ^ ix quadruplcd, mi 
P laál incrcaic&by afacior of Sandbccomc% 1.41-to' W 



Poiodk Moimn U-1S 



EvaUiaTE: fe* a eiven amphrudc. thc máximum accclcraiion and máximum vclocily incitase ivhcn ihc frequeney 
of Ihe motion incrca*c& And ihc period dccrca*c*- 

1X64. iDIXtirV: T - 2t^^ + The períod chango when ihc mora change*< 

L'p: At t* thc mas* of ibc cmpiv car and thc ma*% i>f thc loaded car i* .1/ 4 250 kg , 



rj- — . Tbc periodof ihc kiadcdcarix T L -2xJ — 



■ 'H.'-- o m 



EVAJJUTE: Whcn thc mas* decrea™, thc period dccrcaxci, 
1X65. Idevtify and 5»:f L'p: Use Ecp + (13.12), (IJ^l)and (13 22} lo reíale ihc various qoanliliw to thc amplitudc 

ExcriTF^ (a) r - 2xJmTi indcpcndcni of /) so period docsn*t change 

/-IT; docrtrt change 

a* & 2jt/; doetnt change 

<bl £ ■ ¿44* wben x «¿4 Whcn i ¡I halved £ decream by a factor of4; £, ■ £/4. 
v^, - ir/4, *W* * <f ^n' 1 

Smce 4i*|A,*«u> | 2#/<H> v l 2 'A"4^;iu tione-halfaigrcai 

(di i; - iJkJmjA*-** 

x&±4**4 give* v^t-J&m^A* -A¡fl& 

Withlbc ordinal amrJitudc v u -±JH/mjA¡ -A¡ti6 -iJtfJuiiJkSm)^ 

With thc reduced amphiudc i ^ ■ tJtfm<jA¡-A¡rt6 - tJEm^AJl)* - A¡t\t = t JÍÍ6( JÍS)>< 
v,/i' 1# £ Vi 5*3 = J$.*o v¡ » v r s/5; thc ipeed at lh¡s y ta I v 5 ümci ai greal 
(r) f - -ti ; ame i *o m í . 

EVAUTATE: Rcducing .4 reduce* Ihc loiaJ cnergy but docm'i alTcct Ihc period and Ibe frequeney, 
13.66. (a) IM1MIFV and SE1 Vr: Combine Eqi T <nJ2)and<n,2IHo reíale v and * lo T. 

Eut l Tr.: r - 2xjMk 

Wc are gíven informaimn aboui v al a particular y. Thc expresión rclating thc*c i\*xj quantitic% comes (rom 
conservaban of cnergy: -nn J * -Ai -pfcí* 

Wccanxohe thü cqualion for Jnrí. and Ihen u*c thal rexuli to calcúlale T. m^tiA 1 -x l ) 



V* r ÜJOOnvi 

Then T ■ Ir JiTi ■ Lrlü.267 *l ■ I AS v 



(b) lotMirs atid Si:t VJP: Wc are anked lo reíale *y and v É , 10 une cumervation of cnergy cqualkm; 

x - ^-(m 1 !)!^ » JiO 100 mr - (0267 a) J (|> 160 m *| J - 0 090 m 
EvaUiaTE: Smalkr |t t | mean» larger * . 

fe) 1m m im : Ifthe nl>¿c ducxn*i tlip the máximum accclcration ofihe píate iEq.lX<J)cqual* thc máximum 
iccck-ration of me ihee* whkh i* deicrmined by appiymg Newton*» 2nd lan h to thc xliee. 



SKF Up: Fot (he píate - ¿y ■ flia t and a ( ■ -\LmH, Tbc máximum |y| U .1, «o <J Trt ■ ít m )A. If thc carrol sdiee 

doe«n*i ahp then (he italic Iridian forec musí be ablc ta give U thi* much accclcration. Thc ftcc-body dragnini for Ib: 
carrol ilkc iimxt m ) i* inven ¡n Figure 13.66. 




I\ ui ui: We can wríle ibisan ¿i - iv More IHclion t% requircd if thc frcuoencyarthe amplitudc ¡* 



13.6?. locvnrV: TmHargcu douitward accclcration thc bal! aribvvi* £ v/herea* ibc downward accclcration of ibc iray 
dependí: *m thc *pring forcé. Whcn ihc dowmvard acccfcration of Ibc Ira y a greater (han y, then thc ball (caves thc 
iray, J«M(«f +4). 

Skf I t p: Ibedownward force exerted by Ibc *prmy is F-kJ+ wbere thc di*iancc of Iheobjcct above thc 

F kd 

cviiulibríum poínt. Thc ckm'nward accclcraiton of thc tray ha* rnagnituck* — ■ — , wbcrc mi u thc krtal man of thc 
ball and tray x - .4 at í - ü . u* ibc nhaic angle e* u /ero and * \ t% downwanL 

Cm;c i i i : U> — g givea rf-— s ^'^ **" ^ gW ' 9 Sft "** * -9.40cm.ThwrKHnl ¡ü9«>cmabovc Ib: 
m A IKSNm 

cqtulibríum poínt mh 9.40 cid * 15.0 cm ■ 24.4 emabove poínt .4. 

(b) mm ¡Lm | IS5 N/m - 10 2 rad*.TbepoÍnt«i(a)w jbo\c ib: cquHibrium poini so * ^ -9,40 coi . 



mi yi.775kg 

. an:co*| 1 ) ^ arecosf ~* 40 ^ U 2.25 rad . ^ 225rad ^0.221 
í J \ 15X1 ™ 1 10.2 rad* 



Vm y 1.775 



|c> U**+4im' 1 -¿¿í'iríve* vaj— ÍJ 1 -,■*)■ f — í(0J50mf -1-OmOmf l-l 19 itvi > 



EVALUATE: Thc period i* T - 2 ■ 0*6 1 5 % . To go frarn thc towcsi point lo Ibc hígbetl point rakes 

TÍ2 ■ 0.308 1 . Thc lime ¡n (b> ¡* h» Iban thü. a Ii ¿hould be 

1X68. lotvn>\: biSHM, - J . Apply ^F~mé lo ibc lop block. 

SKF Up: Ibc nuxinium accckntion of ihc lowcrblocfc can't cxcccd ibc nuximiun iccckrAtion that can be givcn lo 
ibc olbcr Mock by Ibc fríction forec. 

ExíXirf E: For Mock thc máximum fríction forcé i* /. - fifí - fantft - n*^. givet /J.mg ■ and 

A** ¿/ 4 jT . Tben treat boih btocks togethet and conxiikr thetr limpie harmonic motion. a ^ ^ j/l . Set 

KvaI-1 aík; If.í b kirger iban thu thc \pnng uivci thcblock with vnnvt Si a larger accclcration than friclion can 
givc Ibc othet block. and thc lint bkick accelcraic% out ftom undcmcaib ibc otherblock. 
13.69. IdevTifv: Apply con&m ai ion of lineax momcnium lo ibc colluion and conven 1 aitón of cocrgy lo ihc mt»iíon añet 

thccoUisíon. /--!- (— and r«— . 



UP: Tbc objeel rrtumt tu thc cquihbrium po*jikin m lime TÍ2 . 
I \n i ii : i .1) U oí m ni ii ■ Liimcnjiim dutinv the col lisien: m\\ - <2*tf)K . V a — V # a — (2.00 m/*) - 1 .00 n\*l 

Eneqjy conscrvaimn after thc coIIukmv — MP* ■ — £r* » 



MfT> í<2 

•fr ■ f 



amfcgXLO»^ ^OOmfarnplitudc) 
BOA N m 1 



' V ' ' 2* V ' 2.x \ 20.0 kg / 031H1b 

■:i.í It tate* 1/2 penod 10 fifrt retarn: ¿0.14 i)-L57 s 

EvaLUaTE: The toial mechanieal cncrgy of thc sysiem determine* ibc amp) ilude* The frequeney and pctroddcpcnd 
onJy on thc forcé comtanlof thc sprinc .md ihc mas* thai is ait&chcd 10 (he spring. 
13.70. IDEÍTIFY: Tbc ufwnrd accclcraiion of the rockel producción cffcchvc ckmTmard accclcraikm íbr objecu ¡n iis 
framc of referenee ihai w cqual 10 í -am. 

Sur Upi Thc amfi) ilude n the máximum dtsplaccmcnt from cqoilibrium and u unalTccicd bv ihc motion of ihc 



lAui n: Thcamplitudeís&SO*. F-ZffJ -■■1,77 1. 

EVAUaTE: i'or apenduturoof ibc ume length and wrth il* point ofsupport at test rclativc lo Ihc carth H 
r - 2t a 2.1 1 s *The upward accclcration cfecieasc* thc períod of the pcnduhim. If the rockel wei 
accclcratinc tkmuward. Ihc penod would be grcalcr than 2. 11 s. 
1X71. IDEVTIFY: Thc objeel o&cillalc* ta a physical pcndulum. so f - — — ^— i^í— , Use thc pirallcl-avi* Ihcorcm. 
I "# — + S/lJ , ta fwd ihe momenl of inenia of eaeh stick about an a*is al the hook. 

Srr l.'p; Thc cerner of mai* of the suu&rc objeel ¡* al iis geometrieal ccnlcr* so ¡ti disiancc ftoro ihc hook ¡s 
LcoUS'al/JI.TTiccciaerirfn^^ 

t \*;c t fi : Thc pinillcl-xvis ihcorcm give* / for eaeh stkk fbr an axii at ihc cerner of the squarc 10 he 

^m¡} *-mfU2f* ~wL J and ihe lotal / for thU a\t% i* 4*u¿ J . For thc cntire objeel and an ax« at ihc hook. applyinu 

the paral kl- axii theorem again lo ihc objeel of ma» 4^igivr* / t4mí¿/j2) J a 



EyaUiaTE: Jurt a» for a simple pendulunv ihc frequeney h independen) of the man. A 
1 fg 

L has trequctKy / - — — y— and ihUobjccl has a frequeney that ¡s sJighily les» than thi* 

13.72. lot-N llf^: t*iwoetMtion of ener^y sa^ K *V - E ♦ 
SETOS üa^itr'afid £=l' M -^. 

Hvm i n : (u) The ciaph U giv^n in l'igute 13.72. The following am^ersare found algebraicalry^ lo be uicdas a 
eheek on the graphical method. 

(c) £ a 0.050 J. 

iá) Um±£. . _ i . J :■ 

MFromEq.(l3.i«,u«ngv a a-Eand* fl aJ^ _ v, J^g /*) _ p.Jg^and 

0 a arcun I ^0 429 1 - Oí R0 rad , 



IJ-JS í hjpirr l\ 



EVALUATE: Thcá^icndcnceDr6*oiir i* not linear and í r ! /^does noloccui ai njj^ 
Vili 




Plnrt 13.72 



13.73. lo*-N ntM / - J-tJ—í ihc penod changci bccauic the man change*. 

SETUP: —--2W-*}0 W( .The rale ofclunecoflhc penod i* — 



(a)WbfffiAebuckeiwhaJffulL m- 7.00 fcg. Tmlx^^^LmlM*. 
— — I (-2.00*10 ' kgb)--2.l2xl0"* i per* . ^¡snegative; the períod U gciling riioner 

J(7.O0kg><l25 \ m| di 

(c) Tbc *hanc*t penod i.% when 4 II (he waicr ha* leakcd out and mi ■ 2.00 kg . Then T ■ 0.795 * - 

EVALUATE: The rale at tttneh Ihc penad chances \% wa corotani but xnvtcad mercase* ín lime* cven Iheugh ibe rale 
at which ihc water llow* out i* conitant . 

13.74. IDKN'TIFY: Use F. ■ -kx to determine í fo* Ib: wwe Tbcn / --LJ.Í., 

Si;f L t P: /* ■ nir move* Ibe end af the wire a dulancc A/ . 

Exj:tlTE; The forcé conxlant fnr thn wire 



. . mg . I W I (7 I í MOm.V 



EVALUATE: The ÍTcqucttcy i* mdependent ofibc ¿ddiiional di*iancc the hall i* pullcd doutiward* *o 
di.fiancc i* *mall. 

13.75. Idí.mim and S#;r L'p: Mca^ure x Irum ibe cquilibnum poihionof the objecl. where the gravity and 
balance. Let tx be dowmvaid. 

4a)U*ecociicrvatü)nof cncrgy (Eq.l3>2l}to reble i. and t Lí*e Eq, 113.12) lo reble Fio -km. 

For x" 0*yim*¡ ■ -J..t and if» A*jk'm* juit ai Ibr horizontal Sí IM Wc can u*c ibe penod lo calcúlate 
Jk&:T-2xJmS implie* /EC-ZtfT Tbu* v-l*\4T-2x(0 100mJ.4.20*-0.150m*. 

M» lüKMIM mdSr.T I P: Use l^ql 1 V Ü lo relate ^ and . 

I \m i n : mu. ^-t¥*oü. --(*y«(a- 

ta •directiüci is dewwanL *o hete i ■ -0.050 m 

a, »-(lff.T)i í -0.050m)-*<2*/420 0^0.050 m)-0.l 12 n» 1 * 1 (powfcve. *o diiection ti dawni*ard) 
<e)lotvnn andSi:Flip: Unc üqA 13.1 lito rebee v and r Tb: tinxaxked íiw i% twke ibe linw ít lak 



III 112. 

,T- 



[« e* 1 Irom 
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Ld xox-Oal J -0. Theo * s ¿costar- t.2) - ^«nitf - J«ní2rf Ti Find thc lime / ihai givei 

* * +4.050 id: 0.050ro-<0.100mHm<2.rtT) 

TinT M^iimTi)! ifi méí TT1T llfl i/l2-<U5ti 

The time a*Lcd íbr m thc problcm is Iwtcc thec. í* "00 * 

(d) Idsviify: Thc problcm b u&kinc Ibr ihc dittance rf (hit thc ^rinc *irctchc* when ihc object hangs al rctf from ¿I 
Apply Nemocí* 2nd tow id Ihc objccl. 

Si.r le: lite frec-bedy dogram for thc obtect uguíti in figura 11.75. 

tí 

EXEOITB: Yf t =ma, 



i iéj 
figura; 13.75 



I*ui - 2t f i(wt U)) and m * - (7T2*) 1 

( T V f4.20»V * 
rfcl — I g-l— _l (9.WlrnV)-4J8rn. 

EvaUtaTE: Whcn thc di.iplaccmcni " upward (put lb)K thc aceelcration i% dowmvaid. Thc mas* ot" thc purirHIgc i* 
never cnicred útto thc calculation. Wc uicd juit thc ralm £ thal i* dctcrnuticd Irotti T+ 
13.76. Id*.mi*\: - A¿<w.at * ot. i ■ -.¿\>%in(<w t ¿lond * - -<v\ . ai- 2^/7. 

m; n A icn r-Ogive* 



EXECL u : >. 



:.tí 



4a) Sufatitulion givc* y --fl.120 m, o* u*ing t -^.give* i-^co* ^1 
íIií ■ hw -*|0.02O0kgH2.lO6 rn/* 3 | = 4.21*10 ; N. inihe * * -dircctton. 

(d) Uting ihc lime found in part íc}, r ■ 0.665 m'*. 

k\\ AU íaTE: Wccould al*o calcúlate incfpccd m pan id) front thc coracraition of cncrgy expresión. tq(13.22)> 
13.77. Id£yiify: Apply contervattoa of linear momentum ui thc collb*on bctwecn thc *lcak and ihc pan. Hicn apply 

conaervabon of cnergy lo Ihc maltón after thc collbrion to find thc amplitüdc ofthe lubiccjucnt SHH Use dqJU .12) 
lo calcúlate thc period. 

<a)SrrlIr: Finí find thc*pccdof thcMcak jum before il xlrike* thc pan. Use a coordínale iy*lcm wíth ty 
dowMMd. 

v Jp -0<rcÍejDed ftom tbc retí); y~y b -0.40 nv n # - *9.80 nV; r *? 
*í a »í 4 2a t {y -y a ) 

Encim: v, - 4j2tf r (y->- # ) - >i/2<9.S0 m.^ r )|04Q ra) - ^2.H0 

Si r l.'r: Apply cimtcn atiotiofnn*ticmum tothccoll»ionbc<wcen thcilcak and Ihc pan. AftcrlhccollU™ Ihe 
Klcak and thc pan are movtng logcthcr tviih common vektcity \\ . Lct A be thc tlcak and B be ihc pan. Thc ■ > nem 
before and after thc collüion » *hown in Figure 13.77. 



PlgBlC 13.77 



h- 



13-2* Chuptrr 13 



l^^J 1.2.2 kg + 0.20 kgj* 

Ib) Si:t 1."p: ConMrvatíonof cncrgyappucd lo (he SHM givcv 4*>» h ¿ ~ ^ncrc y v and x ( ¿jc thc 

tpccd arui dispfaci'nvnt of thcobjcct and whcrc thc ditplaccmcni u mcraurcd from ihe cquibbrium pntition of thcobjcct 
Execi tcí The wcighi of Ihe ttcak witl &irclch ihc «pringan additional dUiantc^givcn by kd - nty «i 

íü ■ '---kgM9.a0n** ) , 0 0539 m ^ _ j(Wr ^ Mk Wts (hc hcíou+ (hc hw h¡K| timr ta muVf 
í 400 N ra 

ihc.ncak pluN pan i* 0.0559 mabove ihe oquilihrium poitlkin of thc combined object. Thu* i, - 0.0539 nx From pan 
(al M T mv theaiopdoftbccocnbintfdobjcctjuitAncrÜiccolhiioo.Then imií *i<fcrf ^-lA*' gi>e* 



f «*S J2.4 kg<2.57 m *)' + <400 N' ni K 0.05 39 mi' 

A - . f — . I - 0.2 1 m 

400 Mm 



<c| r = 2x>fmtk - ItJ— — L_ = 0.49 % 

E\ aJ-I'aFe: Thc amplitud? i* Ira than thc imiial hcighl of thc sicak above tbc pan becauxe mechanieal cncrgy is 
losi in (he ¡nelaitic collíiion. 

13.78. lot-MlFY: / - — A— . Uw cncf tív íoíWjdcfalJoíiMti fmd thc ncw amphtudc> 
StlUtz /^06<rOllt*-400kB;/^^p^^ 

{■) Aficr (he kí;i\c¡ rack falb ort, tbc renuining max* atlacbcd to thc xpringx ix 225 kg. Tbc fonre contfant of thc 
¿pnngt ü unafTccIcd* *o / -0.S0O Ha To find Ibc ncw* airfdiludcuxc cncrgy conxictaation* lo find thc dixtance 

downwuid Ihai thc beam Ira ve U after Ibc gravel fallí off Dcfbrc ibc *ack falk otT Ibc amounl xa that Ibc qiríng u 
irwtchcd 41 cquthbrium k gtven by mj¡ - *v *i ■ «pí » (400 kgH9-R0 mV )í(5685 S mi - 0 6K95 m. Thc 

maxánum upward ditpbccnxni «f thc beam w ^ - O.40O m above th» pwnt t m al ihit poait tbc «pring \* 
xUctchcd 0.2K95 m With thc ttcw mawt t thc ma*s 225 kg of thc beam akmc, al cquilibnum ibc »pnng k Klrvlcbcd 
mí A-l225kg«9 80mi i ) *5^S5N m>-<iM45in Thcncw amptitudc iMhctcíoíc 0 JH79m-0 T 2S95 m-0098 ra 
Thc beam move& 0.09S m afíove and bclow ibc ncw cquilibnum oomIhio. I'ncfuy calculaUom *how thal v- 0 when 
thc beam ¡s 0.09S m above and bclow thc equilibniun point. 

(b)The remaining ma» and thc «prlng eon^lant a thc «me in pan <aK«>lbc ncw ficqucncy ü agam 0.K00II/. 
The *xk ra lUoflVhcn Ibc ^pring a strelcbcd 0.6S95 m And thc *peed t*f thc beam at ibis poinl i* v - A^Um = 
(0.400 m}^<56S5 X mV<400 kg> ■ I >50S m «. Take y -O al thn poinl Tbc lolal cnctgy of Ibc beam al thih point. ful 
añcribcaek&lUomu E-JC+I/j+U^ ^fl225 kgHl-5Wt mí'jt 445695 N.inH06H95 m)^ ; *0^ I60K J. Ld 
thw be poinl \. La poinl 2 be »ncrc ihc beam ha* moved ufwarda dutance i/and when; v - 0 , 

s 44(0^985 ro-J[ *mgít. E t - £ } gito d - 0.7275 m . At ihiicndpoini ofmoiion tbc qiring u compmsed 
0.7275 m - 0.6H95 ni ■ 0.0380 nv At thc ncw- equilibrium posihon ibc «pnng a slrctchcd 0 + J879 m. «o thc ncw 
amphtudc a 0J789 m * 0.03S0 m ~ 0.426 m dnagy caleulation» *h&* inal v t% al&o /cn> when Ibc beam ii 0.426 m 
bclow thc equitibrium poxitíon. 

EVALUATE: Thc ncw frequeney U independent of ibc point in thc niotion at whkb Inc bag falU otT. Tbc ncw 
amphtudc b ¿mallcr than ihe original amphtudc wben tbc laek fo\U otfal thc máximum tfward ditplacemcniof thc 
beam. Tbc ncw amo) ilude » larget than ihc original amplitud: when ibc laek fallí oiTwbcn thc beam ha» máximum 
■peed. 

13.79. locvnry and 5*;f L"p: Use Eqíl J.I2>io calcúlale g and iracfEq4l2.4>applicd lo Ncwionia to reíale £ lo thc 
of Ihe planet. 

I \m t ii : The pcndulum ■■■ m . , thnxigb 4 ■ • >n L42 *. vo T~ 2M *.L - LH5 m. L"*c Tío Undg: 
T » 2t Jlg" to g ^ Li IwfTf * 9.055 mtf 
lk- g lo find ihe tms II, of Ncwionia: £ ■ Ci/^.'A; 
2.TJ^ > »5.i4*l0 , m t ^8.18*10* m 
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EvaUaTE: g b similar lo Ihalatmciurfaccof thccarth The radiu* of Ncwtonia U a hule Icm than canh's radiu* 
jn.i ii* ma» b a liltlc more. 
[3.80. lotvnrv: F t --kt altowsiwtocalculate*. T - ZrJmH. *U) = Aco*6*+fí~ F m m-bc. 

Stí Up: Let +-x. f 2 so xft) - Astaiat) . Al J = 0. x= Oarxl thcobpcct h mo\ ing downivard. Whcn Ihcobjecl i* 
bclow the cquilibriura pcaition. W 

Exr.tirTE: (ul&tking Bq. (13. 12) for m,andi&¡ng ' tt 

r F ( 1 V 40.0 S 



2xJ A/ "12jt J 0.250m~ * fr 
(b) r ill 35)7", nnd wi = -^«n|2^|0 35)|^ -0.0405 m. Smcc f > T 4. Üw maw hj* alrt jd> ptowd ibc lowcrt pouil 

of it* molion. and b on thc way up> 

(c}Taking upward fortes lo be ponlivc, i^.^ ~"*jf * "Av. wherc .v ti thc dbplaccmcnt frc4n cqudibriuin. 
w>f„ H - *<140N/m)l - 0.030 m>i-(4.05 LtfH**si)m ti- 4J í N. 

EvaLUaTE: Whcn ihc obicei i* bclow (he equilibríum poxition thc ocl forcé b upward and thc upward *pring forcé 
b larger in magnitudc ihan thc dowmvant wcicht ofthe objccL 
13.81. Ioctiot: Ita Eq4l3.13) torcíale «and L r-3¿« 

Skf I t p: The molion ofthe rali b %kclcncd in Figure 13.81. 

a » +X 

Lctlhe tail fíeat x-rA 



4> 



wm 

..i«0 whcn i ■ 0. Then 0 ■ 0 and 



I mun 13.81 

ExeciíTE; Calcúlale Ib: lime il lakc* Ihc rafl tomove ftom t - *A - +0 200 m lo v - A -0 .100 m - 0.100 m 
Wrue Ihc equainn Ibr j(r> in Icrmiof rratherthan «f*2xi'T givcslhai .Wi)- Lov2?rT) 
1 'ti'; 

r-0.100 münplictO.IOOrn - (0.200 m|coM2,T/T) 
tt»(lw.T)i0.5<H)w:.:ír «^«itlMKii Hir rad 
r - 17 2.TWI.04* rad» - 1 V5 fc'lrKMM? rad)- 0 583* 

Thái i* thc lime lor ihc rali tomove donn from v - 0.200 m lo x - 0.100 m Bul pcoplc can al™ gct oiYwhile ihe rali 
ii moving up from i - 0 .100 m lo .v -0.200 m. *o durtngcach pcrlod ofthe molion ihc Irme thc people have to get 
otTb 2t -2*0.583 %\- 1.17 %. 

Evaij-afe: The time lo go from v - 0 lo x - A and retum b T 2 - 1.75 i. Thc time lo go from v ■ A 1 2 lo A and 
rctum b Icsu than Ihb. 
13.82. loevriFY: r = 2vr*W. /;<r)-~XAiodciemunci. 

SkfUp: Examplc 12 lOderivcs F{r) = - GM t m r. 

EXECirrE: */-/■* n in Ine íbmi of t!q^l3.8K tvillt v rcplaccd by r 4 to Ine molion b *imp4e hatmonic. 

ít; »í /í. w Vi V 980 mv 



EvAi i AFt: The rmed b mikpenilenl of thcma»of thcob>eei bul docs o^pend on . whkb ti abo ihc 
amphtudc ofthe moiion- 

i Vs v iDCVtitY: If - . ihcnto-^- . Calcúlale F m < If it b ofthii form, calcúlate L 

SKr Up: Tbe gnivilaiional (bree bctwcen Iwo poinl ma»c* t* F - ti \' and w atitachve. Toe foreci on.i/are 



tketched in Cigurc 13.83 
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fu< i ri : <a) r - V W 2? * i ' á 2 . ¡f x«d. ian0 = -^—=^.Theocl Ibrcc ¡s loward Ihc original position 

nf A/and has magnitudc i -2G i *íntf » Sincc 0¡s*nia!L ñnO » tantf - — and - M 6 ^^ íy t Thi* isa 

</ l </ í 



<b) Companng thc rcsull m pan <a > to F.. «fa gives * - —p — " m y— a - J— - T ■ — ■ — 

paiicni perdón coukl mca*urc it. Thc cxpchmcnt woukl nave to be done sueh that thc gravitaiKinal fowcs are much 
laiccr than any other forecs un Af. Tbc cniviutional forcci are very weak. soolhcr forcea such as f nct ion. Ibrccs 
from air curren!** etc.* ivtiuld nave tobe kepi cxlrcmcly small. 

<d) IT A/u displaced lowanJ onc of thc üxcd nuiles ihcrc i* a nct fotve on A/ loward that mas* and (herefore away 
from thc c*|uilihnuni po*iUun of A/. Thc nct fnrec is not a rcMoring fotve and Af* muid not oscillaic* ¡I would coniinuc 
lo ntove in thc direction ui whicb n was dbpluccd. 

EvaUtaTE: Thc period b very long because thc rvstoring forve u very smalL 
13.84. iDCVniV: V{x)~U{x 9 ) = J F.dv .In purt thi folio w thc stefii outlincd ¡nihchinL 

ÜEF Ip: In pan{aK let i. h -0and = C/fQ) = Q\ Thc lime for ihc object lo go fruoi \ - Oto x = Aa J74 , 

Exjxi Ft; (ti) C." - -í 'frfr -tí V<£x x 1 . 



(b) From cooscrrotion of cnergy. ^mr' -¿(.4* -t*) . v - ¿1 . «o ~ tw Inicgrating Irom 0 to A wirJi 

respcel lo i and fromú in TÍA with rcipocl wi f, í ¡ - J-i— — To use thc hint. leí u - — , so that 

J.\ -adü and Ibc uppcr liniit of ibcii-üilegral U jt«I. Facloring ,( L out of thc %^uarc rooK 

(c) Thc period doci depend on amplitudes and thc rnotion u not Minplc harrnonjc# 

EvaUiaTE: Simple barmemie moúon require» F ■ nhere i íii conslani. and that b nol thc case here* 

13.85. lotAim: íind thc vcomponcni of thc vector v v \n Figure 13.6a ¡n Ibe Icxlbook. 
SefPJP: v t s-Vj.wnííand 0-aX + p> 

E\tXVlE: \\ - -v ta sinf . Subííituting for v Ui and r?givci Cq (IJ,15| 

EVALUATE: Al i-O.pbon thc ^\¡*andl«>^tncomponcnlof velocily TI» wrrespoixlí* co v fl -0 tn Eq + (IJJ5(. 

13.86. locvnrv: aK^-^. A' ■ jv'>'2mi for a cingle object and thc tolal kinetic cnergyof thc two irauci b ju^t thc wim 
of their individual kinclkr encrgiev 

StF Up: \iomcntum b a wctorand kinelK encrgy b a «calar. 

I!\i;c t fk: (u) For thc center ofntt» lo be al resU Ibe loial momenlum muM be /ero* so thc momcnium vcclon 
miut be ofcqual maunítuoc hot oppo^itc dirceliont. and thc momcnia can he rcprc*cntcd as p and - p> 



lm 2(m.2) 

\c} Thc argument orparl (a> is valid for anv ntaiscs. Thc kineiic cnciuy u 



2m. 2m¡ 2\ m/a ; ) ^WBt»,)) 
EVAUtaTE: If m, -m. thc rcduccdmasi ti mf2 . If a\ » m : . ihcn ihc reikjced mais is m ; . 
13.87. IdeviifY: F - -dV'dr . Tbc c^uilibrium sepaialHm ^ tsgncnby F(^) = 0. Tbc forve consunlf is defined by 
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EJBC1TO 



(b) Sctting ihc ahove expieision for /* equal u> /en» Ihc lerm m aguare hraeketi vanlilxv 



7 .: 



[d) The above exprcswm for ^ can be expreued ai 

ti 



F ■ 



7¿ 



EvaUiaTE: The forcé constiant dependí on ihe páramete** A and «. m the expresión for The minu* *ign ín 

ihe expresión in parí <dk shows th«tt for Mml) di-tplacements from equílibrium. F r nn restohng forre. 

IJ.Í8. Ideyiifv: Apply^ 1 "** and - .tfd í-( . lo the eylinder*. Solw: for a^..,. Compatie to Eq*(13.S) lo find the 

¿iHTutor frequeney and periodo /" ■ 2xt&< 
Sn UP: 



Let the orlgin of coordínale be ai (he 
:cnter of the cylindcrs when they are 
ii their equllibhum po«¡lion* 





Figure tyMi 

The ínrc-Kidy diagnini for the cylmdcrs when th:y are displaced a ihstattccT lo the leít » giveti in Figure 13Hftb* 

EXECVTBS 

Bul A'; i -..i 
Figarc i.VKSh 

Etfl3J): a. = (The minu* ngn say* thal* and o t nave oopomc direci™. i* our dueram showU Our 

repulí for i% of lh¡* forro, with ar , -2lftAf and A»-i/2t'W + Tin» r = ir/» = 2,T N fMÍ 1*. 

EVALUATE: ll iherv were no Ériction artd the cyhtHlcr didn'l rali, the period muid be 2x-jM'k. The period when 
ihere is rolline withoui *)ippine n larcer Ihan this 



IM4 Chtptrr U 



13.89. lof.N iim: Appty con&ervtilHHi «»f cncrgy (o ihc mollun befare vid altor ihc colUwm.- Appty cunicn ai»n of 
moiftcmuro lo thc collüion. Aflcr ihc collinon thc lYitcin niovc% ¡t% a imple pcndiilum. If thc rticiximum an^iiljr 

SKr Up: ln thc moiion befe» and afler inc cotlision there i* cncrgy coitvmwii belween gravitabonal patctilúl 
cnergy hWi^A r wben A U thc hcighl above Ihc kwesi point ¡o Ibe motion. and kiixtic cncrgy. 

I \m i it: (jieruy contcrvtition dunne dmvnward »wing; «^A l ..r* and 
v= - J2<9H mVHO.IOOn» - 140 m* . 



Monvnlum coiucn durinu cofl ilion; m .i - I m . - )V .ind I' 



bm< (2ODkgHU0m*l 



. r 



> 00 fcg 



^O.S«) tti>. 



Energy con*etvaiion during upuard swing; Mvh. A/r*and A. - l'V2ff = ^ ? ~ 0X1160 m ■ 1.60 cm , 

2 2(9J0mV) 

Figure I 3.89 bow thc nuAimum uncutar dbplaccmcnt ¡icalculalcd from >V . <m0 ~ and 0 - 14.5 



50.0 cm 



f--±J**±}> MM * ,0.705 U, 
ItV/ 2*1 0.500 m 

EVALUATE: 115 : - 0.25.t rwL sñiíOJ53 rad)- 0.250 . sinií* 0and ^.iI.V.Ui iiaccuraic 



Pitpit IX» 



13.90. Idevtot: T = 2x^ii 

SEYUF: Tnenwdettorthe leg i* *kciehcd in Figuro I.V90. T mTrJI/H^ m - 3*W . 4 
rodwith (he úxí% al one end, i b|J4L*. For a rod w¡lh thc axiiat il* ceníes i -j- MÚ . 

fc XII I FE: ^^■W^-^^ lUB ., M|t , || 

3+1/ 

/,*¿(2i/XI'55ai>- -n¿02cn J Mf . mi J Tbc rwallcl jxu ibcorem lEcj. 9 19) pvc 

/ 1 »A lfc i-jU<L55m-í[LS5nil. l 2) í -f5.06in i >A/. J =(7.208 nVU# , Then 



F«r 



í 7.208 nAt/ 



r ^ IxMmgd - 2t 1 : ^ 2 74 % 

v y(3.lr^9,80inVX1.292roi 

i;\ Ai.i afk: ThH i* almlc xmaJlcr than T ■ 2.9 s found ¡n Enarcóle 13, 10. 



Plgprc 13.90 

13.91: iDDTIiY: Tnc metían » «imple lumiunic ifüie cqiutHm «f miMion ibt ihc 



iitiíU-u oscillaiHHis n of ihc forni 



-jú . mó m én cjflc ihc peñod i* 7" - Ir 

Ser Up: Fot a ilcndcr rod piraled about tu cerner. / ■ ¿M? 
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2 ¡2 ai 



^--kLd.0--?L0. £j£ b proponkiiul lo 0*nd tlw motion is «guiar SHM, j^^-, T-2fr^, 
EVALUATE: The expresión wc iwed for ihc loiquc. r = -¡ k~ff is validooly wben O i* símil e-nougb for 



i¡n0*r?and cwtf » I . 

13.92. lot-Min 4ihI Si.f L'p: Eq. (13 .39) gira thc period for thcbcll and Eq. (13,34) gira Ihc period for thc clapocr. 
K\*;c i Fti The bel) *wmg* as a physicul pendulum mi iis perad of cucitlation « given by 



T = 2*y¡ tmgd = 2T^lS + 0kg ai^<M.0ksH9.H0m« J M0 + 60 ■)« IJ85 i 
The cbppcr iu itmplc pcndulum so its period ¡s given by T - 2x^L y. 
Thui L - giTVxY = 19*» mi' MI .R&5 *"2*) J = O.Wí m. 

Ev alíate: Ifthccmof Ibobcll wcrtai (he goorncirKjri cerner of thc bcll thc bel! would extend I2fím fromihc 
pivot* *o thc chppcr i* wcll ¡nade tbe bel I* 



13.93. IdevTIFY: Tlie objevt oscillatc* as j phy*icAl pcnduhim wnh / - — — ^ — j — . where A/is thc toUI nuis ofthe 
objecL 

Si:f te: Tbe momcni of inertia about Ihc pivol ih 2\l*h\ff: -i2'l) Sfi: , ¿r*\ thc cerner of uraviiy \vhcn balanccd 
iiadiiUncc* ■ L/(lj2)bé\m thc pivol . 



Ku:ctrr.: Thc frequeney is - — / — — - — (-,£- 



EVALUATE: Jf - — ^— (i Ibc frcqucrtcy lor a simple perxlulurn oflcngth ' - ~^-^f v - LOJ/ v . 

13.94. lot.Min and S*;f L p: Use Eq. (13.34) for Ibc simple pendutum. Use a phyxical pcndulum <£q. 13,39) Ibr tbe 
pcndulum m ihc case, 

<b) Use* a utúlbrm skncWr rod of nuu A/ and kngth ¿ ■ 0,50 ni >Pivot thc rod about an axis ihal is ¿dutaaccif above 
thc cerner of Ihc red. Thc rod will oscillutc ai a phv*>cal pcndulum with period T - 2x^l ; \t$d 
□une <i w that T - 4.00 *. 



t - i 



Solvcfofiíandsci ¿ - 0 50 m and r-4Q0s: 

J- -*J (n> i. :.r ».**>»> nn *,/ m0» m) J 12 = 0 

rf*-X9718rf*0,O2«33=O 
The quadratic Ibrmulj give» 

rf»^3.9718i 1 /(3.97l8> í -4<0.020833Hni 

J-(1.9KS9ll.9R06)m so rf-3.97 m or </-0M53m. 

Thc máximum vjtuc ^/ can have ís L:2 - 0 25 nt *o thc ans\vcr want ■ (/ ■ 0.0053 m ■ 0.53 un 
Thcrcforcv lakc a dencto rod of kngth 0.5O m and pivol it Jiboul úíí axis that (s 0.53 emabove lt% 
EvAJiAn; Xolclhot T->* as -/ -* 0(|HVOt al eenicr of nj» attd thal ¡fthe pivol ¡s al me top ofrod 

rf»ifl»mir»2>J fr¿ ^ U3 a 2^E,2 g P.2 J 

4.00 s. Thus it is rcasonablc toexpcel that Ihcre is a valúe of rfhclween 0 and L2 foruh»ch r±4.00s. 
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1X95. lOEVtirV: The angular frequeney rcgivcn by !¡^<I3.5HI Use Ihc parallel-axi* iheoicm to calcúlate /in tcrmsofx- 
<*) Strtr: 




d — x, ihc dbtancc frum ihc of thc objcci 4uh»ch it at iugcomclrical ccnicik from thc pivot 

K\i:c i n: /« thc momcni of (nenia aboui ihc axb of rolation throuuh O. líy thc parallcl axis ihcorcm 



-0 



(b) Thc máximum n> ai x varíes occun when dt&dx - 0. — — - ti givet J# — I » ■ ] 



-.4 ** IJ 



x ; >¿* 12 - 2i %o x-L-Jíl. Gei máximum ai wbcnihc r pivol iiadutancc L-JÍ2 above thc cerner of mcrod. 
(c) Tu an*wer ihi* tiudlion wc nced an exprcuion fec m ■ 



ln ai-.í-í-S lubitiiute r-I/JÍ2. 

r f ¿12 



«-^ssa^— - 

EvALi AFt: w-tO w i -»0 and íw Jjg'iÍL} - \.21sJ^L i*ben i • /. 2 ai, h b greater than the x-I/2 
valúe. A himple pendulum ha» « ■ i* grealer than lhis + 

13.96. IDHIHY: Calcúlale f^anddcfinc A,by í^*-^. F - Ixjmfk^ . 

Si.r Up: If ihc elongación* of ihc *pnngi are x 1 and .y, , thcy muir *at¡*fy x t *a"j -0.200 m 

I-Anuí: (u)Thc ncl : bree on the block aicquilmoum i* /enh and to = 4.x, and one *pring llhc une i*ilh 

A, ■ 2,00 N m > mu* be ¿Irctchcd Ihrce time* ai much a* ihc one with A, ■ 6.00 N/rn . The tun of Ihc clongalion* ta 



1 1 



0*200 m. andio onc ipring *trclcbc£ 0*1 50 ni and the oincr ¿Irctchc* 0.050 m. and *o ihc equilibnum Icngtta are 
O.JSOmand 0*250 rn. 

(b) Whcn Ihc block ta dbplaecd a dtaiancc x lo rnc right the nct forcé on thc block u 

-M** + *)+M*i-*)»[M»-MJ^**:)* Fromincrc»ullofpart(aK tlw term in «piare brackci* u /ero. and 
10 the nel torce h -i£,*A_)i, thc ctTcctive tprinc conitant U í 4Í =t, *■ *tj and ihc penod ofvibration i* 



T-lxiV™** -0.702 



E\ Aii \i k: The motion » the *anx ai if ihc bSock wcrc Jit^hed loa únale smine that ha* forcé contíant k M . 
13.97. loevntV: ln cach xitualion* imagine ihc ma« movc% adUtancc Ax, Ihc spríng* move dUlance^Ax^ and Ax¿ 4 wíth 

Su [>: Lct \ i a:i¿ Ax,bc poiilrvc iflhc iprtngi are tírete hcd. negative ifcompretcicd* 
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<h) Dcspitc ibc orknlation of rae springs, and ibc fací that one will be comptessed «faen thc olber ú extended, 
Ax» AXj -Ax ; and both sprint; foro» are m thc same direction* The aKivc repulí i*. *i ilJ valid; k M =t, 
ií ) Por masslcss fcphntív, thc frece on thc block musí be cqjual to thc ten*™ in any poinl thc 

(d) Thc rcsull of pací (c) shows thal when a sprint; iscul in hall", thc citccttvc spring constant doublcs, and so thc 
frequeney incrcasc* by a faclor of J2 ■ 

EVALUATE: )n cases (a) and íb\ thc cffccnve forec constani i* grcalcr than cither k or k^ and in case fe) ¡t is le** 
1X98. lot.vtiFY: Follow thc procedure specified in thc bint. 
SEYUF: T = 2xJF7j¡ 

<b> TTwciockrui»*low; A7">0. A£<0 and g*A£-fJl- 2 * r ) 3 (**Wntf^ m/a J . 

EvaiataTE: Thc rcmlt in pan tal says Ihat 7* mercases wheng decrcases* and thc magnriudc of Ibc fraclional 
c han ge in Tn one*half oí thc magnitud? of thc rtaclional change in i*. 
13.99. IdevtifV: Folloiv thc procedure specified in thc bint. 

Si:r l."p; Denote thc position of a piece of thc spring by J: f -0¡s ibc fixcd poinl and t - Lis thc moving end of ibc 

spting. Thcn thc vclocity of Ibc poim corresponding to /, dcnolcd a, ih u | / i - y¿ (tvhcn Ibc *príng h movinir, 

/ wi|] be a function of tinte and w u h an tmplvrit funetion of innc). 

(a) dm-M-di. and so ^ -idtai ir - iJL.' ifl and JC - f aV ■ 

,h) . C . -u u\or«w»fa-0. wbich ¡s Ecj (13.4). 
(c) m is reptaecd by ^ so * ^ ^j^nd 

EvaUtaTE: Thc ciTcctivc man of thc spring is only onc-lbírd of il* actual masv 
IX1M Ideviot: T-2xJt m K tí 

SErLip:W¡A/-(l/3H/¿ i and</-l/2 ñiEq.(l3J9), ^-2x^21^. \Viraihcaddcd 
,J»Aí((£V3) + /),«i = 2A/ a nd J = (I/4 r +y/2. T = 2xAl\!1 + y s )f{g{L¡l + y)) 



ir 



Pie sraph of thc ratio /* venus vb given in l'igutv 13. 100 




D.4 0.6 

Fw»rr 13.100 



lum wjth Ictwih \ 



(b) l'rom ibc cxprc*«oo found in pan (a>, T - T„ whcn> - Al ihi* pomt. a simple 

wuuld ha w ibe same penod as thc meter stiek without ibe added mas*; thc lwo bodics oscillale wíth thc 
and do not afTcci thc olbcr's motion. 

EVAlAiAfE: Addin? ihc ma%* can cither incrcasc or «acercase ibe período dcpcndinu on whení thc addcd 



penod 
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I1IIL iDEvnrv: Eq (13J9) siy* T-2xJtngd . 

Si r Up; Lct ihc lwo di&iancc* froni thc ccnter uf ma** be í/j and rfj. Tbcrc are Ihen two relaiiuni of Ihc forni of 

Eq, ( 13-39): widi J ( a rjwrf* md f t - *»<f? . 

EXECLTE; The* reUmrH rnay be rewmien a* ntRd.T 1 -4x 3 [f^ + jud¡)and m^t/ 7 1- \ * md¡ | 
Subtracting (he exprection* pivt* ... . 1 ..' d |T ■ 4* m( J : - J!|-4^ J «(rf -JJf^t^). Dividing hy ibc 

1 r á | and letltng d t t d t ■ £ givet ihcde&ired re*ull + 

EvaUjaTE: Thc proiredure work* m pracUceonly ¡f both pívoi locations give rbe toSHM Ibr uiull oicilUtion*. 
13.102. IdeviifY: Appty t*i ihc ma». with * - = r» J . 

Si:f Up; The spring* when Mrciched. provide* an inward lorcc* 

I \n 1 m : 1 ftv die magnitud? of the Kndniri aeccleraiion. <Wf »¿(JW I . r 1 

<b) The *prmg will lend to becume unhoundedly kmg, 

E\j;ci Fe; As mona tve t% approac hed and/become¿ voy Urge, both the sprinjz lotee and ihc radial acecleratiun 
beconic Urge. 

13.10*1. iD&vriFY: Fura imall diiplaeenvni v, Ihc forcé contfant í »* defrned by /"", ■ -Lt . 

Str Uk Let rwj^+t, *o that r - - r and J|f" ail -* r *'J, 

Execl'FE: Whcnv ¡ssrnall compared lo A '«expanding ihe exrxinemal fuaciion gwe* 
/ * 1 1*1 - 2fr\)-iÍ-hx)]--Ahr. correspondins lo a forcé cttnsiani of Ah- 579 N'bi. 
EVAU AFt: Üur re»iU b verv cloic u> ihc valué givrn ín lUercise 13.40. 
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14.1. lotvnFV: Use Eq.l 14.1} t o calcúlale thc rtiavt and Ibcn use m--wiit tocaWuUtcihc weichi 
SCTtJFs p*mtV *o m-f# FroroTable 14,1, -10* kgoiV 

I \n i n : , . . ■. .: leí . i Icnglh/ . andradrutA. J' - i r/í (/. - ?*0 01425 ai)'(0.&5S m) ¿ 5.474 x 10"* ra 1 . 
ThcD «-¿J'-ITHxlO* Le m M5.47J * 10 * kg. J*d h *- m¡? - (427 kg)|9 50 mt s ) -4IJ N uboui 

9.4 lb<). A cari Íi not 



EVAUiaFE: Thc nxl r* ks* ihut Im lunc and Icuihan 3 era in diamcicr* hi a wcighi «f annind I0lb*sccn* 



14.2. IDEVFIFY: Cernen callera toku, TJx nu^i Mt ufa volunte ¿'ofgasolinc i* m - /*r . 
SefUp: I ¡ra! -3 7K8 L -3.7811*10 *m\ 1 m' ofgaioune hu a maw of737 kg. 

EJOCim: 45.0 mi gal ■ 445.0 mí 'gal>f llü! Y 1 ro ] _ ]6 | 

"^3.788*10 1 id ^ 737 kgj 

EVALUATE: 1 callón uTcaiolinc has a man of 2.79 ku, The cax cu» fcwer traición I kg (hanon I cal, lince 
1 kg of ganalinc i* leí» ga*o1¡ne iban I cal of gawline, 

14.3. locvnrv: p - miV 

Mili- Tbedeautyofgoldb 19.3x10' kgoi 1 . 

I \m i 1 1 : K = <5.0xl0 1 DiKlS.OxlO 4 raM30Oxl0 ' mi- 2.25*10 "* m\ 

, i^iq-*^ 1 -7.02*10' kg ra The metal ú not puré gold. 

Eyali afe: Thc a verage derWty i* only 36"* thal oí gold. soai mo*i 36%nf the ma» ct gold. 

14.4. lotA iwi: Find ihe man ofeotd ihat tus a valué of SI. 00* I0\ Thcn unc ibc detuny of goW to lind ihc volume 
of thi» mas* of gc4d. 

Sirle: Forgold, /»- 19.3x10* kgDi 1 . The votante Fof a cube u related lo ibe length ¿ ofone «ide by Vmgí. 

EXECRE: M M».OO.IO-.f''^'^' :C lí il lM5 "' 0 '' k8 l-719t B . 

\ S426.60 í| Uroyoünce J V 

K«— 72 ' 9 . ks -3.75*10 1 m J . £ — l" 1 * — 0.1 56 id — 15.6 cm . 

/i 19.1x10" kgm" 

EVALUATE: Thc cube of gold wctildwcighaboul 160lh*. 

14.5. iDEvrm: Apply p~m V lo reíale thc dcnsitie* and volumen for thc two i phcrei. 

SziVtz Foratpberc. V -Ixr* . Portead. ,\ - M V* Id kgm' and fec aJurnuium. A -2.7x10' kgoi\ 



Ex*;c t fe: »i - p\' -~xr'p . Sanw imu mear» ^■'/a- — =f — I =1 — ' 



EVaLuaTE: Thc alumiDura «pherc « Urgcr *iixc ¡tt deniíl}* b leu. 
14.6. lo*MU\: A\-erage óenqiy p-mfY . 

SETUP: Foraspbere. J' ■ -:íf . The *un ha» raan .W u - 1.99x1^' kg andradius 6.96x10' m 



EXECRE: (.) l ^l^ ^ a 

¿x(6.96x|<roiV J.4l2x|CT di ^ 

l ' p 4r<i00x]0 + m7 3.351*10" m J 



M I 
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EvaUíaTE: For compariton* thc avcrjge dcoiity of thc cana ü 5.5-10 kw m . A neutrón itAr ¡* cxtrcmcty 
dovBi 

14.7. lofcVllFV: w - my t and ■ />!' . Fiml thc volunte Fof thc pipe. 

Ser l."p: Fora hollow cylindcr with inner radiu* R , ouicr radiw i. > and Icncih L thc vohime i* V -x\R\ - K' tL 
A; =1*25*10' oí And A\ = 1.75x10 3 m 

I \n i n : r s^|0,Q175mf -[0.0125 ra|'K1'50mft- 7.07xi0"* ra*. 
« = ,*#' = (8.9* LO 1 kgW><7.07xlO^ m 1-6.29 kg, u - mg - 61.6 N . 
Eyam'aFe: Ihe pipe weighte about 14 poundv 
14.S. lDf.vnrv: Thc juucc presare /> - p. t al depth A b p- p+- pgh . 

StF Up: Ocean walcr w scawalcr and han denauy of 1.03 x1o 1 kg m J . 
Knorm . / ■ I ! 10 kuWM9R0ro,v K32Ü0 un i 23* :<> F\i 

p-A, = <3.23*10' Pa)| ) = 319Aim 



1.013x10' Pa 

Eyaii aff.: Thc gauge preiairc is about 320 time» ihe Aimo&pheric prauurc ai thc ¡turface. 
14.9* iDEVfiFY: Thc gAucc prcsiairc - />, al depth h W p- p* - pgh * 

SkfUp: FrahwAicr t*tt dcniily 1.00x10/ kgm'and *CAwalcr ha* dcn*¡fr 1.03x10* kg m\ 

EXXCLTE: (■> = (1.00x10' kgW>(3.7l mV v )(500ml = l.íí6xlO* Pa 

fl,)*«£l*. ia, - l 1' Pj r - W . 

/»g 0-03x10' Um'^.W m *■ * 

EvaLUaTE: Thc prcMurc Al j given depth i* greater on catlh becaune a cylinucr of water of that hcicfrt wcitiht 
more ttn carth (Km on Man 

14.10. Id* a UIM Thc driTcrcncc in prcMurc Al pomi* wi\h hcighl* \\ and v. i* />, = j?£0*i ■ Tbc ixrluard 
forre f¡ i* related lo thc turfaccareaJ by F 4 * j*l . 

Si r Up: Forblood* /* - 1.06* 10 ky m v, «165 ro . The lurfecc arca of ihc *cgmeni i* fft?L* where 
D = 1.50x10* muid £ = 2.00x10 ; m . 

EXECL'FE; (al P. "Pj-U Ife» I0 l kgln H^ HOmVKJ 65 ni) = 1.71x10* Pa . 
(b) The adiniHmal forcé duc to (hit prc»urc diffcrcncc u - (p t - p¿)A . 

¿ = T0¿ = ;r<l.5OxlO fc mnTOOxLO 1 m) = 9«*L0 * mf. Af A =(1.71x10* PaH9.J2*lO ' m*)al.6IN. 
EvaUiaTE: Thc prevure dilTcrcocc \* aboul i atm . 

14.11. loEVtirV: Appty p= p^ + pgk . 
Si:r Lip: Gaugc preuure is p-p„. 

EXf.CtTE: Thc prcMure dilTercoce bciwccn thc top And bollom of ihe tubc muM be Al IcAit 59B0 Pa in order lo 
mío ihe vem: p*tt ~ S« Pa and 



. S9K0Pa MMi 1 fte „, 

gft <I050 kg<m'K9.K0 oiV) 

EvaLITaTE: Thc bag ol* fluid ii i)*picAlly hung from a vertical pota m acbieve ihi* hcight above thc pAlicnrs arra 
14.12. lot-N II* v: = /> ukv + pnh where p^^ A i* Ihe nrenure at ibc mrfAcc of a liqunl and ^, » thc premire al a 
depth k bcÍo i A h ine lurlaee. 

Milr. Tbc dcntttyof «-Aterís 1.00- 10* kg>'m\ 

K\t:c t'TF: W For thc oil (ayer. p t ^, ■ /\. And /.*.. ix ihe pre«ure Al thc oil-waler inicrfAce. 
A»-P«. = r„ «^ = (600 kg m 1 H9.K0 mV «0.120 m> - 706 Pa 
ib) For ihe *-Ater bycr t p^ - 706 Pa * p^ . 

Pd"P«. ~P*m* - ^06 Pa * /?gn = 706 Pa» (1*00x10' kgm^K^HO mVH0250 m) = 3.16x1o 1 Pa 

EvaLitaFE: Thc gJugc preiMirc al ihe botlom of thc barrcl u due to thc combined ciTccL^ ofine íhI layer and 
waicr byer. Thc ore* mi te al (he hotiom of thc oi I lavcr i* ihe prcMure ai thc top of thc walcr Uyer 
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14.13. IDCTTIFY: An inflation to 32.0 pound* mean* a gauge prc*surc of 120 tb'm. . The conract ¿ucaí with (he 
pavement b rclatcd to (he gauge prenure p- p t in irte (iré and (he Ibrce F. ihc lirc exerta on the pavement by 
F - 1 p - f\ i.-J . Uy Newlon*s third tow the magnituefc the forec ib: lirc cxcris on the pavcmeni cquals the 
magnitudc i>f the Ibrce ihc pavcmcni exert* on ibe car* and ihb muM cqual (he wcight i>f (he cor. 

SKI Mt 14 7 Ihm -1 OH* 10 Pj - I ntm Awumc o, - 1 aim 

I ■ \m i 1 1 : i.*) . I . ..ii ¡ fvenure n 32.0 Ibm/ =2,21*10* Pa ■ 2.IS atm . Tbe *h*otuic prciMircb 
46.7lh'ui/ -J¿2* I0 f Pa = 3.18 aun 

<b) No* ihc lirc would touch the pavcmcni 4t a single point and ihc contad ¿rea would be /ero. 

M F. = *« = 9.56*10* A- F ' = <J - 56y| ° N ^004^3 m ; = 433etn\ 

/>-/>. 2.2UI0 Pa 



eocb »dc for each tire U ^«íl-JÜlL. 1 1 1 4 ero . Tbb b a 

rcalblic valué* based on our obrtorvatioo ofthe tires of ears. 

14.14. lofcvn*v and Ser L>: Use Eq t M.K'l to calcúlale ihe gauge presuire al th» depth. U*e Eo^Kli to calcúlate ihc 
Ibrce Ibe rotule and ouisick previure* exert tro ihe windowv and combine the forcé* a* vectora to ftnd ihc net forcé. 
EXF.CLTE: (a) cauge prci%urc - p~ p - p%f\ FroroTablc 14.1 thcdcnsity of «cawaicr u 1.03 vi 0 1 kg'm'. m 

p-p t -pgh-[l 03x10* kgm'H^.RQ mV)<250 ro) = 2.52*10* Pa 
(b) The Ibrce on caeh aidc ofthe tvíndow b F - pA+ Incide ihc prcwturc \\p\ and ouisicfe ro ihc water ihe prc*Mirc 
i% p ■ p t * pgh. Tbe forcé* are *ho*n in Figure 14. 14. 

Tbe net forcé b 

F, - F t - ( ft + p&)A - frA = («AM 
/,-*;« (2.52* ICT P.^OJSO ml J 

Fj-^al^S-IO* N 

Figure 14.14 

EVAUUTE: The prevure ai thu depth b very Urge, over 20 time* normal air prcsuirc* and Ihc net forcé on the 
window u buge. Divmg bcll* u*cd al such dcpthi musí be comirucicd lo uithsland lítese large forcei. 

14.15. IDEVTOY: p^ 9 *p*-p*»= p&k 

Sit l.p; 1 atm -]"*]>' 10 Pa . The den*ih + of water i* 1.00x10' k^m'. The gauge pre^uiv muilequallhc 
presiure difference due toa coluron of waier 1370 m- 730 m - 640 m latí. 
EXEtL-TE: (I 00x10* m k M^gOm'K 1 >(^On)>»6v2Tx|0*PA=6l.9itm 

\\\ Alt aík: The giuge presan re rcqirírcd \% directly proporikirul lo ihc heighi to which the water ñ pumped 
14.(6. loevnn andfór L'P: Uve l:q i N.6)tocakuU(e ihc prcNture al the dcpih* m ibeopenrube. Tbe 

e distance Iroro ihe botioro of (he (ubes. so (he p res mi re calculated in 



Mil '.ii 


«rt*^MI 




r ; i ^„-(»rA»4 



<b) b the preuure ¡n Ibe tank. Gau^e pre»ure i* ihc ditTercuce hecneen the absolute nreuure and *ur preuure. 
EXKtirf E¿ p t ■ %C0 millibar ■ 9.80x 10* Pa 

(a) Appty p- p t + pgk to Ihc right*hand lube. The lop of ihi* luhe U open lo Ibe a¡r.%o /: ■ p t The denihy of 
the liquid <mcrcury) b 13.6x10* kg rn*. 

Thui />-9.K0xl0* Pat<l3 6x]Q' kgni^^SO mií^HOOTOO m>- 107x 10* Pa. 

ib\ p-p^pgh-VMvlO* PaHUáxJO* kg<tn l M^S0miV)(004<K)ro>*1.03x|0 ( Pj 

<c)Since >■> - \\ =4.00 cm ibe preuure al Ihc mercury lurlace in the lefl'bandend tubc cuuaU ihat calculated m 

pan (b). UtuMhc absolute prcuure of ga^in the onk i* 1.03 *I0* Pa. 

<d) ' ■ v i' -10'kgWM nV*'M0 0400 m>- 5 33*10* Pa. 

EvaUiaTE: Jf 1^.(14.8) be>^tuated^m me deiiiilyofmercu^^ /r*^ - 1 atm = LOIxlO* Pa. thenA = 76cm 

The mercury columna here are much «honer ihan 76 cm. so the cauge prc&surc* are much le*s than 1 .0 x 1 0 1 Pa. 
14.17. iDBnWK Appty p-p*+pgk< 

Milr Korwaicr. ^ = 100x10* kgm*. 

I uclTe; p-p m -pgh-il 00-10* kg ro l i|9R0ro* : K6 I ml = 6.0*l0* Pa. 
Evajj afe: The preuure dilTerence increa>cs linearly with depth. 
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14.18. lof-MVtt xná S#;fVp: Apply Eq-(Í4.6> lo me water and nxrvury columna The presaire al Ihc botlom of thc 
wijter colunw is Ihc prc+uurc ai (he ii^p of thc mcrcurv coluro rt 

E\i:c t fk: Wilh jurt thc mercury. Ihc ¡tange presoirc al thc botlom of thc cylmdcr i* p = p t * p^gb^. Wilh thc 
waicr to a depth A^. thegnu^c ptv^urc thvbottisttiofihc i'ylindcr n ^- p tt + + Ifthbbiobc 
douhk Ibc fmrt vaítw . then #A - ¿ * 



^ -A«|jT^.) = <O + O50Orof(l3.6KlO i /L0O*lO v ( = O.6HO 



.11 



Thc vohiroc ofwaler i* r = M = <0.680raXÍ2.0*lO* m > s IhxIO* m l -Hl&an 1 

EvaUiaTE: Thedeniily of mcnuA ( u 13.6 lime* thc dcruilyofwaicrand i) * 6«5 cm) - h$ ¿m. so thc pretsure 

mercare from Ibc lop to thc botlom of a oX-cm ta II column of water i* ihe «ame a* ihc prcvturc incrcaic Irom lop to 
botlom fora 5<m lall cotumnof mereury, 

14.19. iDEvnrv: Avumc thc prc»urc at ihe uppcr airfaccof thc ice b p t -1.013*10* Pa . Thc pxesuire ai thc Kurfacc 
of thc water b üicreaicd r rom p ( by P^&k^ and ibcn mércate* futthcr wiih dcpih ín Ihc water. 

SKfUV? = 0.92*10* k&m'and^ =1.00x10* fcgW. 
EXECUTE: p-p*- * ■ 

p-fl»-<0.92*10' ksm*)(9 t K0nv* ■«! ^> mcilinvlu Lu m rt*» so m>**X2.SQ m> 
p-/V = 4-03*10' Pa - 

4.03x10* Pa =-1.42*10* Pa . 

EVALUATE: Thcgauge preiaircal iht tur lace of thc water mutí be lulficicm to jpptv an upwaid forcé on a 
aceitón of ice equal to thc wcighl of thal icclkm. 

14.20. Idevfifv: Apply r - p, +pgk + where p t b thc rrcuurc ai thc ¿urfacc of ihc fluid. Gaugc preuurc i* p-p„~ 

SKTlIR Korwaier. psLMxIO' kg>W. 

EXEtuTE; (tt)Theprc«Mircdifl'crenccbetwecnme Airfaceof thc «uter and Ibc boitoro rt duc to thc n«¡ghl of 
thc waicr and U kuIL 254)0 Pa afler thc prctmrc incrcave above thc ¡turfacc. But thc airfacc ptemure mercase i* al mi 
transtmirtcd to thc fluida makmg thc toial difference from atirwiphcríc prc*»urc 2500 Pa » 1500 Pa - 4000 Pa* 

ib) Initially* thc prcsiurc due lo Ibe water alone b 250Q Pa ■ AgA* Tiiu* A ■ — — ■ 0.255 m* 

(1000 kg m mV> 

Tokccp thc botlom ¡¿auge prcuure at 2500 Pa afler thc 1500 Pa incrta*eat thc surfacc, Ihc prcMure due lo ibe 

valere wcightmust be reduced lo 1000 Pa: A- 100» K m =0,102 m. Tbu* ihc waler muit be 

S ílOOOkitWM^OmV} 

lon^credby 0 255 ni -I) 102 m - 0 15* m 

EvaUtaTE: S'oiethat pxk. wnh A ■ 0.153 m* b 1500 Pa. 

14.21. IDECTIFY: p=po+pgh. F~pÁ, 

mi Up: Kot «canater, p - 1 .03 x W V , • 

t\j;c t feí Thc forcé /*ihai muit be appticd ¡* (he diflerenee bcrn h cen thc upivard forcé of Ihc water and ihc 
doA n^ard forcea of thc atr and Ihc wcigbt of ihe hatch. Thc dilTcrcnec betwecn ihc prcuure ímtdc and oui w thc 
gauje pre«urc. so 

F~{pgk)A-* ^íl.03^10 1 kgWH9JW m^H30ro)(075 ro J )-Jft3 N - 2.27*10* N. 

EVALUATE: Thc forcé due to thegauge prcuureof thc water b much larger than ihc weighi of Ihc hatch and 
would be impoujbfc for thc crew to apply ¡t juit by puibíng. 

14.22. iDfcvrwv: Tbeforcconan arca A due toprencurepíx fs^.U* P~P*~ PgJ 1 ** *»»d ihc prcMure mMiic ihc 
tank+ al ihe botlom. 

SkfLp: lamí- 1.013*10* Pa . for betver*. ^-0.90*10' k^'mV Ibc areaof thc botiomof thc tank b 

?¿> 4 , uivrc D-\J2 m. The área of thc vcnkal walb of ihc lankn tDL* where /.-II .50 m . 
EXF.CUTE: (a) Al Ihc botlom of thc tank* 

P-P, - 1.013 - 10 1 PaHiMOiclO* k^tn L )(0K94)!9.S0 m^MU.SO m\ 

p -9.32*10* Pat9.07*10* Pa -9.41*10* Pa . f -p^-<9^1*10* Pa)«rt.72m) J /4»2.l9*Kf N . 
<b)Aiihcouuide surfacc ofihe botlom of thc tank.rheair prcaurc n p-(92hl .013*10* Pa)-9.32*10* Pa. 
F ■ /l4 = (9.32*10* P.i 1 7 1 . .72 m) 1 V4 = 11 7 * 1 0 ? N . 



I Ill-J Mil Ii., un M > 



EvajxafE: MpjI of tiie forcé in pon u * hidoc Id ihc 92 aun of air prramrr abovc thc &urfnt*c oí tltcbciuvrc and 
lite ncl forte no Üir boitom of ihe lanl n rnuch lm iban ibc inward and nulw a* u" forect 
14.23. iDCftlFVi H*r ¡rauuc prvviuic al liic h^i of ibc od volumn ntuil pn*lucc a forte un inc diik dial w ci|ual lo id «veiuta 
ürr Ir i onhcUmwnoflhcduk U .f s «r* « *1 D. 1 50 mV ¿Ü0707 mr . 

W 45.DN , ^ 

(b) The iivrowe in prcaure produce* a forre ™ ihe dí*L ct|ujü to t he úicrcaic in weight. By Pa»car* la» iltc 
mércate in prruutv i» tnuumilicd tu olí pianti m thc ait. 
KJ.Ü N 



-1170 ra (MI IITUTa 



OUTOTra 

Evaj.ua FE: ITie abántate ptCMure ai Ihe lupuf thc oil produce* an up^urd forcé un ihc üak but ihi* furtc i* 
partially balnnccd by ihc fmc duc lo lite a ir prcMurc al (he topoíthc disk. 

14.24. IuevTifvi Fja^. j rmiu cqual ihe wcighi n - of ihe cor* 

SíF Dft 1 '/'*i'4. D ( ti thc diamcicr of ihe vcvcl at thc oiMon where ^ uapplicdand D¡ of ihc diamclcr ai 
ibeeai. 

mOt/4 



tAll Ul : 



1' t*'(L. 



r.\ vi i \n: Thc diameier « «maller where the torce i> *mjlkr. u> ihc p^uure wiü he thc 
14.25. locvim: Appk V'' * mtf t lo Ihe pitioo, wjih t-i upwanf F-pA. 

STT Ir*: ) aun - I 01 Jw lo' Pa . The forcé diagrsm for the pudon U giten in figure )4 25 p o ihc ahuiluic 
piciMUe of Ihe hv drautte (luid 



4 dffr T(ft 15 in)* 

EVAIX'aTE: Tnc bxeer ihe dianxier »f ihcpUlon. Üie ^ mal leí ihc vause pre^uurc rcouited l» hit ihe cat 



EXXCLTE3 |* M .4*0 and p-p^= p„ = 

jrr 7'-' 15 1 1 ■ 




L4 + 26. In: Mit \ í Apply Kewion's 2nd Uw in ihe n^otnan j*1u* iUb + The huoyoney forcé exened by ihe waieru upnard 
and pni by U i «hete T w uduf^olumeorwaierdiiplaeeiJ. 

I 1 !': Ibe fliatinu of>cci i* lite ilab oiiee plu» ihe waimn; thebuoyant Forcé muil cuppoil buih Tbe volunte 
iitplaced equah the lohime J' of the ice. The frce*rxidt dueram u gtvun in rieure 14.26. 



Flt utt 14.2b 



15.0 L« 



Uui ii - «h T «i m í c l ta 



4S0 ^ -oso»'. 

ltgW-92D kern' 



EVALUATE: Thc ma\i of Ice i» ni ¿aK -5I7|u¡ 



14-é Chtptrr U 



14.27. loEvntY: Apply ■ "Htf, lo Ihe Ampie, with t v upward. B ■ * 
SefUk H -mg-17 50N and »i 1 ?*kg. 

I \m i ii: T + B-mg^O. B-mg-T -\lSQM-\i2QM-b.iOS 

K -_£_- *™* .-UfeNT^. 

r 6«*ii>^ov 

Evau aIE: The denaly of thcsamplc ¡*grcaler ihanibaiof water andh doc*n't finad 

14.28. IDEVT1FY: The upward buoyanl Ibrcc Bexcticd by ibc l»quidcquaU thc wcighl of thc Huid diifilaccd by ihe 
objccl* Síncc (he objcel tToaLs thc buoyant ftxce cquaU tt* wcight* 

SETtfrt Gtyccnn ha* detwty * 126* I0 l k»W and icawaicr ha*dcn*ity A* * 1.03x10* kptai'. Leí V+he 
ihevorumcofiheaiíparatui í ( -^«Imi 1 ; g t -4T5 m* J Let *^bcthe^x*inK«jbnicfgtfdooCAi%i 
I \m i 1 1 : Oncartb * »^f&2Stt' dN )g l • * * (0.250)^1^ . OnCaa». í^/^ 
iff ■ y» r i ( The i - ■ 1 ^' ni".!"!-- : ■ ■ r itr nw4 be cquol* ■-.> (0250)1*,^^. ■ p ét I and 

Í ) l >-26xl0 kgm ( 

Caa*L 

Eyaji AFt: Le** volume k submerged in glyccrin unce ihe demity of gljvcrm U greater than (he dcrutty of 
%cawaler- Tbc vahic of jf on cach planci caiKcl* oul and ha* mi efTcei on thc an*wcr. Thc valué of g change* thc 
wcighl of thc apparalu* and (he buoyant forcé by thc ¿ame factor 

14.29. iDEVntY: Fot a lloatimt obtect. (he u-cishi of thc obtect cqua)* ihc upward hunyaney Ibrcc, excried by thc 



Lip: fi-rtv**l*^-*£ ♦ The w^eíghl of theobject can be wriKcn a* 
p = l.Q3*W kgm 1 . 

t*\j:( t tk: (a) Thc displaced fluid musí wcigh more than thc objccU %o p< ,\ t _ . 

(h) lf ibe ihipdocs nol leak. much of Ihe water will be displaced by avor cargo, and (he average dcniiiy of (he 
Jltxiting *hip u kt* than thal of water. 

(c>Lei(heport¡on%ubrneraedhavc voluine K and (he (oul wltimcbc K.Ibcn pK -a ( í\sa 1L--ÍL- Tbc 

rraction abow (he flu*d turface ñ then 1 - . If/* > 0, thc cniirc obiccl lloatt^ and típ— * p> v Á , nonc ofibc 
objcclbabcrt^ihe 



h„ ÍMrt ^ i P i <OO42ksVa5.01I4 + 0p + 0]-lO*m^ 

(d) üuttg Ibc retuM ofparl(cK I- =1- — ¡ -0J2 = 32%. 

\am§/m 

EvaLUaFE: Tora givcn cbjccK thc fraction of Ihe object above thc «urfacc increa^ci ultcn ibe rfcruity of thc 
fluid ín whtch il lloatt increaie». 
L4J0. iDCvnFY: B-p^Y+g . The ncl forcé oo Ihe *phere ii zero. 

SETUP: Tbedemttyof«'aterbi LOOxIO 1 kgW. 

EJBCim: (u) fl^ilOIWkgm H«650m'«9^ia^ >-6 N 

„_ _ , J-r 6J7XI0 1 N-900N ,, rt , 
(b) B-T-mv and jw- = -55Kkg. 

(el No»* B — p mJm Y mA g , U'here thc votume of (he tphere ihat u ^ubenerged. B-mg. P.+}\+- m & and 

1000 kgm 1 0.650 m J 

EVaIaíaTE: Thc averugcdcml(yof thc sphetc a p t - — - - x5X kg m" . < * and thal U why 

r 0.650 m 

il lloatt with SS.Si'tof ¿t* totume «ubmerged. 



t lll.J Mu ll.L llH M " 



14 M 



llitMiM wd SírlP: Uw Cq t U til to cnlcuLue ihe gauee pre**urc al the iwxi dcplh» 
(a) The ilitfjincci are íhanb m íürure J4 Jla* 















- 















The uppcí face b l .50cm helow the iop ofib: otL »o 
p-ft t * (790 kg m' K*-80 XCI.OI 50 mí 



- p, ■ . i-»- ,■ I .. ■ ■ . fice of meblockt* l50cmbeUw ihe 

* j^^ ctO OLM) mi C'iwnhiniru iheie thneouitioii* in\c* 



ti£urr 14.31a 

[h\ Tbc prc»urc al ibc mierface U /■ 
■ ■ \ r i w ihe preMure there í* p s p 
P~P t - /\if <0 + LÍ» ra) * p^t <Ü.0IS0 m) 

p-A-|i79ak^ l m 1 H0J00mU<IIM0 kgm'KO.DISOm^MAO mV) 

[cllotMlH jndSl r 1 1' Consider roe forcé* on Ibc bloek The anu . ■ -! foccof theblockis 

.1 - |(1 ]IM ra) - 0 .1)100 ro . Let ihe ataoluie preuure at ihe lop tace be ;. a&d the |MHM *■ tbc botirai face be 

r... tn ( .p 14 - l i unc ih&c prevmrci tocakuLuc ihe forcé oened by ihe Huid» al the lop and boitora ofihc block 

The (Vce bülv liiaitntm for ih: btack i» nrven tn Figure 14 j Ib. 



tui i rt: Vf[ bjn 



\*ir liul é/v - /* l - */* - /\ » -ip t ~ p 4 \-V2\ P*-l 16 Pa - ROÍ Ta, the di I lercncc m xbtoluie fROMi cij uaU 
the di llcrence in eainae prcsiurcv 

í 9.80 m-* J * 

Andlheo — ¡ - 0 >:i ku <<Mí»í' mi' - *:i L*- m' 

I wu m: We un calcúlate ihe bumani Torce M tt - i/\ I \ . * t \._ ■ _ K wbere -UXíH0üm f W0X50m)- 

H MI »Ki ' m isilici^umeoU»i]diif*lavedb> meWt*k.ir*J l r — - i DOIOO m iiO 0 150 mi - J 51 l 0 . bthevohime 
duplacrd by theblock Tltu guvi B - (0 X21 kgr*J Ibc irut» oí water diiplaceil equaU the nüw oflbe bkrcL 
1431. lüt.xiiM ; 71 ir tumor ihc miicil focce» va líic ingoi \% /ero. pz>M*V * Tbc buov^m Ibice u ff - í*_ tr V^¿t i 
SKI l l É ; Ttiedemit) r of aluminum út 2.7 «10' kera* ♦ The dentilv orwaicr \% IW» 10^ kit m" . 




Extci Fti (a) T - 



j* 2 + 7x|Q kgm" 



(b) Whcn ihe ingui n ti>ully tittmcr*cd m the w^ier «vhite ttitpcndcd. T + 8 - Mtg ■ 0 . 

jB-^^l^ü-dM^lO' k5m*J(JJ6>lO 1 m l H« «0 »v*- 32-9 N . T-mg-B-WS- 32,9 N ¿ 56 N . 

t\ u i atK: The buoyant Torce u cqual lo the üilTerence betueen the apparent vreielit ttTicn Ihe objecl i* 
«ubmetyed ín the llimJ aml the actual uiav iiy forcé on the obyect* 

IDEVUFY: Tlie >ertical Titrcci on the rock *um t« /ero The buovaiil torce cquaU Ihe ucieltt ofbquid dUpiaced 
by Ihe- rock. P 

ato Un Tbedemityof»3ierU I ♦ K' Lp m 

EU.i l FE: Tlicnxfc displace* a volume of^uter «how ueighl i* 34.2 N - 2X4 N - Id H N + The mai» ol'thi* 
much wMer U du& IO S \ i*»»» m s i - I J02 kg and ib voiumc, equal lo ihe rock's totume, b 

LllLií _ i 1 «0 - 1*> m Ih: W CÉi.ltioi unkni™nlk:ui*lJi 1 i^cdK 39 J \-IS.ftN- 20 + 6 and it« 

lüü-IO'hoW ^ ^ 1 

u 2a6N.|9SOntVl-2J02kv* Tlie bquid » deiuilv u Úm 2J02 ka<TI(l2x JO ' ra')* LVJ xlO' kera' 



14-8 Chaptrr U 



EvalUaTE: The tfcnujy of thc unknown liqiud i* roughty twke Ihc dcittuy of 
14.34. IoevTifY: The volumc llmv rale t*Av. 

Un Av 0.750 iftV . .4 ■ tí>V4 . 



, 4<O.750mV) 

EXEttrTE: (a) v*!)74 - 0.750 mfc - , v = — — r - 472 m% 

x<4 t 5Ü*ia mi* 

|b) ouat be corttfanu *o i;tf = V;D?. r> = ni— 1 ■ (472 m'»)f— | 



EVAUiaTE: Thc urger ihc holc. thc imalkr (he ipccd oribe Huida* iiexib 
1435. lo&vim: Apply the cquahon »r«iittinuity* ■ v¡A¡ . 

Up: .rf-xr* 



Exr.tirTE; i^a 11(44). -I * ir(0J0 cm)*, A. - 20*1.0 TOcm) 3 - ^ -(ÍOm*)-— -^.6ms 

20a»o. ior 



EVALUATE: Thc total are* ofthe xhowcr bead opemng* i* lew iban thc era»* müoo arca of thc pipt and ihc 
specdof thc waicr in thc *howcr hcad opening i* urcaicr thanitixpccd ¡nihcpipc. 
14.36. iDEfTim i\Ai = VjA¡ .Thc volumc 1W ule ■ ni. 
Lp: 1.00 h = 3600 



4 



, 05 



Ibi 



MI7M 



0047 m 

<c> K = v*/ - (3.S0 mta)(0.070 m ! )(3600 *) - R82 m l . 

EVALUATE: Thc cquaiton of coniinuity *ayx ibc volumc 11™ tale i* thc *amc al all poatiti in thc pipe. 
14.37. iDiXtlFY and Skf L p: Apply Eq.(M.lQ). In pan (a) thc targel variable b K In pan <bí active fu* A and then 
that gct ihc radium of thc pipe. 

EXf.rtr^ (a) i . i ■ U0 mV* 

1 20 ni 1 /* 1 ,20 idV* 1 .20 mVi , in . 

A xr J x(0.150mr 

ixr ; -l20mVs 



L2Q mí 



■ 0317 m 



u<3.80 m*>»? 

EVALUATE: The speed t* grcaicr where Ihc arca and radiu* are irnaller. 
1431. Id&mify: The volumc lloá rale i* cqual lo Av . 

So L t p: In thc cqualion precedmg Eq.i I4 + 1 0L label ihc dcnsitic&of thc two point* />and /n. 

EXEC t Ft : (a) From ibe equation preceding üqf H IDKdivkhrtgby thc lime intcrval «fr gtve* EqJ 14.1 2f 
<b) Thc volumc ftow rale dccrca&c* by 1 .50%. 

EVALUATE: Whcn thc dcn*¡ty incrca*c** thc volunte llow rale dccrejHC*; it t* thc mam llow ratc Ibai rcm 
omitanL 
14.39. lotxnrs and Ser L p: 




Apply Bníumllf * 
2 chotcn m ilWn m Figure 14 39. Leí y - 0 



it thcbortomof ibelankso y x ■ 
v ■ 0. Tbe largct tariabk \% v 



l.ii 



FbMK 1439 



4»; ■ sf¿iv so v, - (A¡f Ai}v¡, Dul ihc croiA^cciion arca of thc tank (.1, ) i& much larucr than ibe cro«f-*ect¡oxi 
of the holc \A¿). mi t\ « t\ and thc ¿/*if icrm can be ncglcctcd. 



Huid Mechaeiw* 14-9 



I k /.* ■ p JnJ XoHc ÍOT l\: 



Vv m > i mi 

EyaixaFE: If thc prex*urc al thc top ¿urfaccof thc water wetc air prc*«irc t Ihcn ToriccuT* theorem 
Ovxampk I4.ft)give¿ t\ - ^2g{y\ ~,v¡) - 14.7 m s Tb: actual afllux ¿peed is tnuch largcr iban ihU duc lo Ihc 
c&ccu prc**urc ¿* ihc lopof thc tink 
L4.J0. un: Toricclti** ihcorcm *jvs thexpeed of efílux ¡* v-^/2¡fA , tvhcrc A* b Ihc distance of Ihciniall bolc 

bclow thc ¿urfacc of ihc waicr in thc lank. Thc volunte flow ratc ¡* vA. 
StfViz A-x&W.vríÚ* 0-6.00» 10 1 m. 
ExiiCi Tr.: (a) v - J2<9.80 m.i J HU.0 m) - 16.6 mfc 

<b> HMl6.6m*)Tí6<KF*10 1 nil I /4-4«KlO í m\'** A volunte of 4.69* 10* m -0.469 L i*di*chargcd 




¥.\ Al t afe: Wc nave a**umcd thai ihc diamcicr of thc bolc ¡s much le» Ihan thc diamcicr of ihc lanfc. 

1 4.4 1 . Idevhfy and SET Ur: 

Apoly Bcrnoulir* cquation lo point* 1 and 2 
a* shown ¡n Figure 14.41. Point I ¡* ¡n Ihc 
mam* and point 2 h al thc máximum hct&hl 
rcacbed by thc sircam* «o v, -0. 

Figure 14.4 

Solvc íbr f\ and Ibcn convett ihU ah«oluic prci*urc to gauge picuurc. 

Lcl >, - 0, y. -15.0 m Thc mam* have large dumeter. io v, * 0 
Thui A - * 

Bul W: - i 11)011 1$ m K9.K0m v - (I m| - 1 47 * 10 Pj 

EVALUATE: Thb b thc gauge prc»urc al ibc hotlom of a column of walcr 15.0 mhigh. 

14.42. IdevTifv: Appiv Dcmoulli'i cquaikm lo Ihc two pointv 

Su O: Tbc continuily cquation xayx \.\ ■ v¡A : . ta 4.l7)c¡thcr absolute or g auge prenure* can be u*cd 
al bolh poini£. 
EXf.Cirm: VvmgVj b^, 



2 |1 12 

5.00x10' Pa*(l i M i :i. . 11: n. * i so m'ft'KH O m>J* 1.62x1o 1 Pa . 

EvajjaTe: Thc óccicaNC ¡o ipeed and thc decrcaAC in hcight al nomt 2 both cauw thc p re* mi re al point 2 lo be 
grcaict than ihc prenure at poínl 1. 

14.43. locvrm : Appty ücmoulli'i cquaúon lo Ihc air llminc pa^l ihc ^mg. F - pA . 

Si:f I t p: Let point 1 he at Ihc lop.turfacc and poinl 2 be al thc bottom mjlaee. Ncgloct thc /*?*>, - y.* Ictm m 
Dcmouliri cquation. In calculabng ibc nct fbnre takc *\ tobcup^ard. 
ExtCt'Tt; p % * pgy % t ^jw¡ = p ? ♦■ pgy s t ^pv* - 

Thc ncl forec exerted by thc air ix p ; A-ftA = {79Ü Pa)(16.2 m J ) = 12.600 N . Tbc ncl forre tt upw-ard. 

tVAl-l afe: Thc prcruurc ¡n lowcr whetc Ihc lluíd «peed U higher. 

14.44. locVTIFY: p - m^Y . Apply thc cquaiton of contmuity and ncmouüi'i cquaúon lo poinix I and 2. 
Sur \\ Tbc dcmiiy of w ater W 1 kg L. 



14-10 < hapirr U 



(b) The dcn*¡ty of Ihc Liquid ii ^- 355 ^ L ■ 1 000 k$m\ and «o ihc volume ílow rale » 

0J5>*KI m 

{(mks'm 1 ~ 1JQ * t0> <nVK»IJ0Ui> TbitrcHih may al*o be oblained ta — ] ;i [ . 
4d> p^Pí*^^-^)*^^-^). 

p l -L52kPai-<IOQOksni k )(4((L63 m m <G 50 nVi) ; )*<9.«l nV* J M-l 35 ■ r ■ L. I- 

EvaIaiaTE: The tticrcaic in hcighi and ihe ¡tKTca*c ¡n fluid *pccd al point 1 boib cause (he prc»urc ai point 1 lo 
be le** (han ihc prcMurc at point 2, 
14.45* lokvn*v: Apply BcmouJIi'f cqualion lo Ihc rwopointi. 
Sn UP: ^«24. 

Pí-A+tPÍ^-^-I WxIO* ñi^<IOW>kgW)([2.50m^^^^ Pa 
EvaIAiaTE: The gauge prciMirc i_* highcr al (he iceond pomi bccauHC (he waicr speed U leu (herc. 
14.4o. Io*a l and S#; r L P: Leí point 1 he u herc r t ■ 4.00 etn and point 2 be where r¡ ■ 2.00 ¿ni The volume flow 

rale \A ha* (he valué 7200 cm f* al all pointi m (he pipe. Appty Eq.< 14. 10) (i> find ihc Huid vpced at point* I and 
2 and then u*e Dcmoulli'i cquation for ihesc lwo point* to Jind /.*_.. 

Exr.tirTE: v í A 1 = Y l xr? = 7200 cm 1 , «o v, = l.43m* 

v^av,*^ »7200cm\ ■■■ Vj-S.TÍm* 

P 4 * AK * t/*Í a Pi * ffi * f/* í 

and p, =2.40*10* P», so ft « A *í/*f-»Í) «2-25*10* Pi 
E vaia 1 atk: Whcre Ihe área (¡cercase* Ihe «peed mércate* and Ihc nrenure dccrca*ci- 

14.47. J i>i \ j in : /■" ■ pA , «itere A ts ihc cro**»*cctional área preicntcd by a hcmisphcrc- The Ibrcc f\ é mal the body 
huiíii¡T nw*t apply mu*t epjual in magniiudc ihc net forcé on caen henu-tobcre due lo ihe aif in*idc attd outndc (he 

Ejecutes (■) F»=Íp*-p)x£f- 

(h) The Ibrcc on each hcmt*phcrc duc (o the atnxuphcrc tt 

00* 10 1 mVíl.Q13*l0* Pa'almM 0.975 atmj = 776X . The body buiklcr musí exert (hb forcé on each 
hcmi*phcrc to pulí (hem apart. 

EvaI-I afe: The forcé i* aboui 170 Ib*.. fea*iblc onry Ibr a very *tron£ person. The forcé rcquired u proporiktnal 
to (he tquarc of (he diarncler of the benúiphem. 

14.48. loi-vim: Appty p-p*+pgk and AT - - 1 A> ^' .whm 8 » the bulle moduhi*. 

SEíLp; Scawaicr tau dcn*uy p- \M* I0 k kg>mV The bulk mcnhik» of i*ater i* 0 = 2.2*10* Pa 
p rf sLOUlO 4 Pa. 

1b) Al ihe lurface TOO m k of ieauater ha« ira*i 1.03*10* kg. Ala depthof 10.92 km the change in volume í* 

- lgxl0> pn XlAT0m , ) = _ rtlWw , tk. w . nu — rf^^Y ibcwfore 

2.2*10- ra ^ 

ui 1.03* 10* kit 

i* I' = r t * Ar * 0.950 m' . p = — = -> ^ I 0» * I O* ku. ro . The den*hy h 5» breer ihan at ihc vurfacc 

P K 0.950 m' & ' e 

EvaI-I AFt: Foc walerA n %mall and a very large incrcasc in nrenure corresponda lo a stmll rractional chance in 

volume. 



Huid Manante* I* H 



14.J9. loEvtiFY: ln parí 4 íorcc n thc wcighi of thc waier. In pin thi ihe prcnure duc to thc waier at a dcnih fi » 

É /* i n.1 and m ■ . 

s ti l i' : cdcrait) 'tifniio i* ID' kg'nV. 

h AHI 1 1 : * j| '.Y, iVL-i/hr f-l ¡Iw u ;ilci .v 

ib) InJqtranon grvci thc capceicd rctult ihai thc forre tawbat o ttould he d'lhc prcüurc wcrc uniform and cqual tu 
thcprciiurc at ihr midpivnt. Jf ta rae ikpih oí thc pool and .1 i» ihc arco of onc end of ihc pool, then 

f a pgA--{\ 0U- MJ Um H^ MPm t'niJ» raXXü ml)(IJ<l ns>- 1.76* 10* N . 

\a \U : ~I7ic ano*cr lo pan {al can rv obtained a« F - pA , wboc /■ ■ u thc pmiuv prcuutc al ihc 
hotloraoí thc pool and A ~{5J) m\i4 Um)ii ihc arta of thc botinmof thc pool. 
1431* iDEVnra U*e F*| i I4jti to fínd thc ¿auge p rostiré cernís dcpih. me Fq i 14 J| torcíale thc prcisurc tn thc forcé 
una «tripof thc cate* calcúlate ihe turquea* lurve limen murnent arm, and rolluw the procedure outhncd in Ific hint 
to calcúlale thc total tuiuue* 



Stf Vn Thc cate i* ikoichcd in Figure IJ.Shi 




[ure j4.^uo 



Leí be ihe (urque duc lo Ihc net forcé 
pf ihc waier on thc uppcr haJf of thc caic. 
and r, be the tinque liuc lo ihc forte un 
[he luver hnlf 



fren re 14,50a 

Wiih thc indiculcd uun conventiork r. » pu*rii\c and r 4 u néjame, u the nel about ihc ■ ■ . . tt 

r * r, - r fc . Ld f7 be itre hciuht of ihc eate + 
Uppcr4uüf nf mg 

ralculatc ihc inrnue due lo ihe forcé on a narro 4 * 1 ttrip of ocighi rfv Incaled a ¿«unce » bclow ihc inp of ihc yate, a 
hown io Figure J4 50b Thrn intégrale to cci ihc iota) torque 

tThc net fnrec on rae itrip i* . ■' ■ ni y\ (ti, wbcre 
piy\-pX** u the preuure al thudcpth and 
1 A dA-H'dy with H ^ JflOm 

Fiiiure IJ^Dh 

The momeni ami tt I// 2- vK w Jr - p$Wffltl-y\y d\\ 

' i'-' i i' ■ mV(Jffl) raH200m)V4)U6J3)-ltV N ra 

I i+*ví-t hiili ^f tfjtc 

Cita- ■ . . thc narro íiripihnviin in Fiinire J4.5üc 
The deplhof rae «tnp i» (í/. 2+ y) 
»o the forcé .í/ ta 

npn i43tic 

The momeni arm ti » + , w Jr » pg&ifi 2 » A* 

' L.- r ii ■ i:.- n i i" :n n¡: ' ra) \ 48 - 3 10* N m 

Then r>(;-r«-mKlf N*m-6JJ3xlO* N ra - 161 ■ 10' N rn + 

Ex AJ-i: *fe: Thc forcé» and lorqun on the uppcr and linter hah ciof ihc $ixc are in oppailic direciioni io lind 
thc nel valué by mbtractiny thc rnagoitudei. The traque oti the lo^et hall n larjier than ihe lor^ue on ihc uppcr half 
íinrc rrenurc racrean w iih deprá 



1 



14*12 Chaptrr U 



14.51. iDEvnFY: Compute thc Ibrcc and ibc Iomd: ona thín* horizontal vtnp al adepth A and miccraic to lind thc lotal 



Skf Up: Tbc siñp ha* m urca dA~{dh\L .where %ih U thc heighi of thc stnp and l a il* Icttcih, J -///.. Thc 
hcightof thc nnpuhout thcboitomof ibcdam ii //-A. 

I \m i n : i») JF-pdA-pghUk. F *]"dF * pzL\"hdk » pgUi*t2* pgAN?2 . 

(fe) Thc torque about thc boltomon a slripof vertical thickneu JA ta dt ~df{lt -h)- pgLh[ft -h)dK and 

intcpraiing frem n - 0 ta * - /7 gira z - pgUi\ b- p&Arfft. 

[c) Thc (bree depend* un thc width and on thc ¿uuarcof thc dcpih. and thc torque ubout ihc bottom depend* on thc 



width and thc cuta oí thc depth; thc *ujlacc atea of ihc lakc dec* nol atTcct cither repulí {tara givcn wxhhl. 
EvaUtaTE: Thc forcé tacqual lo Ihc a vera ge preuurc*at defith //'2 , lime* thc atea A üf thc vcnical üáe of thc 
dam thai fucc* thc lakc. t)ut thc lort|uc ta nol cqual ii> /*(//' 2Kwhere Ji 2 ta thc moment arm fon Ibrcc aeling al 
thc cerner of ihc dam. 

14.52. iDEVtlFY: Thc in formal ion aboul liuropu allow* un lo evalúale # al thc turface of Europa. Sincc there ta no 
atmospherc. p, t - 0 at thc *urfacc. Thc prc**urc al depth k ta p ■ pgtt . Tbc ¡nward Ibrcc on ihc wínduw ta 

mi ir. ^,wbcie C*ó.67*IO " Nm'ifcg 1 . * -1.565x10* ai , AiM Ihc orean water haidenstty 

p » LOO ir ID 1 kgW. 

EXF.CUf t : g a <*•"■">" N- ■n--.VK4.7S. 10" k& = , J0 ^ ^ 

(1.565*10* »)• 

p - 1,56 ' k< Pa . r ■ pgh *o h- 




(0.250 m)* (1.00*10 kgmKl.3ttnv* 

Ev amaté: 9750 N ta ibc ¡nward Ibrcc exerted by thc ¿urrounding water + Thta vrill abo be thc nct forcé on thc 
windou 1 if tbc prenuie incide tbc tuhmarinc ta cisctuiaUy /ero. 

14.53. lotvnrv and SüT t"P: Apply Eq.( 14.6) and ioIvc lbr#. 
Then trac ZqA 12.4) lo reíale g lo thc mast of thc plana. 
V-Mí t rt : p-p 9 =pgd- 

Thii cxprcnion give* thai g ~ip- p^ypd - f^)RMlt 

Duiabo í - ÍÍih, ; Jf* <l:o f <114)apfilicd tothcplanci ratherthon tocarth ) 

Sctung ib^c mocxrTewion* forg cqual givct Cm r R 2 *ip- p,}V:ou* and «^(p-^l^Gm*/. 
EVAUtarE: Thcgrcatcr^ i* at a gi ven dq*lh. thegreoter^ a for thc planct and greater;: mean* greater 

14.54. iDEPniFV: The buoyani forcé i7cquah thc wcight of thc air displaced by tbc halloon. 

Skf V?z 8 ■ p mt yg * Leí g %l be Ihc valué ofg Ibr Man. For a *phcrc V ■ — xíí ' . Thc «iríace arca of a repocre ¡k 

gbvnby -i i t.'í ITic ma^iof thc haUoon n t5 <Hí -10 J Ura'HW» 

I- \m i 1 1 : (■) J^rtt**. ^;^=(5.00-Í0 i k^m i )(4jrJí í >. 

^^^S.OOxIO kgm >-. D974m Wi (5iKl*lO 'k^ni-'MT/í^-O.OS*^^. 
Ai 

<b^ F„^B-mg*ma. BMp^ygmp^gR'g^ii J0k5ni l )^j(0.974 m) l í9.B0mV v >»45.5N . 

j . B-mg , 45.5 N -(0.0596 kg^HO mtf » . ^ 
m 0.0596 m 



(0.0154 k fr W^^lj(S|0.974 m|) fc -<5.0O« 10 1 k ft Wx^«5(0.974 mtf 



- 7,45 kg - L49 V, = 5.96 V- 

Evaj.i afe: The buo^ant forcé ii proporbooal to if' and thc nuw of thc halloon iiproportional lo R 1 1 ™ thc 
load thai can be comed mcreaie* wben Ihc radium of thc hal k»on mércate %. Wccakuhtcd thc mas* of thc load To 
Ond thc *vcicht of tbc load wc uould need lo knou' ihc valúe of g Ibr Mari. 



n»iii n¡ i imií uí} 



14.55. iDEvnrv: í oJIow thc pr*tccdwc ixiritncd »n pan <b). fot j *r4>crica)ly ^mmcirtc objcci. »nh loial ira** ¿» and 
radiu* r. al pomtton ihc iuxI'jcc of ihc ubjcct, g(r)- Gm.r . 

Su L'p: Tbc carth ha* ma« m ( - ICT* ka* If £(rlua máximum al r-r t thcn — -0 Ibr r-r M . 

dr 

Extxrn:: (u) Al / - ihc modcl predica p~A- 12*700 kgWaodat i - /í.ihcmixkl 
predkt*/»- A-tB* 12.700 kgnV -(1.50*10 1 kv r m 'X6J7k10* m) «¿15*10* kpW. 

— -4- ]'{— ]*-r 

tvhtch ii within 0.36% of thc canb's juj» 

(d) IT «Ir} ií uicd lo denote (he nuM cuntaincd in a sphere ol* ratbus r, then j¡ * Gxu(/*)/r J . Usíng thc 
mtcimiiion a* that in part ib), i*iib an uppcr limil of r ¡ralead «f ¡t give* ibc retult 

\t\ & - 1 '.i i .ir-.l ■ - . 

psGwíJÍKtf 1 * (6.673* 10 " NmWHSW-ICr - kgK6.37*10* nir'-^HS ms ; . 



(h)andvc) M -Idm-tellA-Brydr-tz 



^-(i^l^^r-^Lj^í^-^j.Setl.^ thi* ciju.ltozírogrvtt ^=2^-5.6**10*10, 



m 



4*<6.673*10"N oi J kg ; >|Í2 t 700 kgffl V 
9(1-50x10 J kg-'nV» 



EVALUOTE: - !i . . i i i . . i ifomi*p*wcoíócniii> *p. theo gjr) - ^j r * . ( \r 



3 - Oand H - /» in m pan (di. IT r i* ihc valúe of r m pan ( Ochete y<i > isa 
r H ■ 0>8R5 . Pora uiuform sphetc. £(r) » máximum al thc tur l*cc. 

14.56. locvnn : Fdlow thc proccilurc ouitmcd in pan (a). 

Mih 1 : tjh + W -5.97*10 J * kgandradru» rt«6JS*IO*m. Lct í^-^mv 

I \n i ii : i .i ) l . ■■ l i h i. H'tih thc radiut r imitad o fheight j, tocóme* dp --pg{r)dr * -pg^rfiDdr 

Tin* Ibrm show* ihai thc prestiré acercase* whb merco* íog radiu*. Integr¿tim.v witlt p - Q & r - R t 

^ * J * * J - 2JÍ 

(b) Uimg ibc above exprcHion with r ■ 0 and p ■ -~ ■ . 

3(5.97.10* WH .n>V l = 1J|i<1)y , pn 
B.t|638*1I>* m} 1 

(c) Whitc thc same utáet «f magnitudc, ibis U nol m very good agtccmcm wiih thc cMimaicd vatuc. tn more 
rcjJÍKtic dtiwíty modchi&cc ProMem 14.55K Ibc conccnlnjlioo oímau at lowcrradii leads lo a bigher prrourc 
EvaujaTE: In ib¡* modcl thc prctuire ai thc cerner of Ibc canb U aboui 10* time* wtat n 

14.57. (a) loiMirv and Sn Vr: 




Apply p-p, + pgh lo thc 

in thc leu-handarmoribe 
Scc non 1457- 



ÍÉKurc 14.57 
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K\i:c i ti: p t - so ihc juuuc prctsurc al thc intcrfacc (point I) \% 
P-P. -/V*-<10ÜOkgm fc X9.KO mV)(0.150m)-l470P* 

HH iDfcVtm and&ET l e: Tbc prcMurc at poini I cuuals ihc prcMiuc at poini 1 Apply l:q H4 ,6| to thc rv¿hx 
hand artn of thc tubc and whí tbr A*, 

I \m i ii : Pk=p. + p m g{0A5Qm\ and p ¿ - p t + p u ,g{0 150 m-*) 
P^Ti ímpíic* />.Jí*0 150ml-/^<0.l50m-A> 



0 ia.m- fl ^-' ols<ln ''.' l,100 ^ ml|OI5fl '" l .o.oii 

p H 13.6x1o 1 kgm 1 




**0J50m- 0.011 m - O .139 m - IV** cm 

EYAUurE: Thc hcighi of mercury abovc ihc bottom level of Ihc water b I I cm, This hcighi of mercury 
produces thc same gauge prcxsurcas a height of 15.0 cm of water. 
14.53. lotMlM; f'oJIow thc procedure outlmcd m thc húil J - ¡\4 

Sirl.p; Tbccircular ring has arca i/.í - (2~JtM) Thc prcvturc due to thc mobwts at depth y is pgr * 

Euí t n; /■' - | |jí>^ *2íííl/v - pgxRh : where A and A are ihc radhisandhcight of thc tank. tl*ing thc given 

numerical valúes enes/" -5.07x10* V 

EVALUATE: Thc net ouhvard forec i* ibc arca of thc wall of thc tank, A ■ 2x/tá , time* tbeaverage prcs*urc. thc 
pressure ' 2 al depth kf2. 

14.59. lotvnrv: Apply Newlon** 2nd b\v to thc barge plus jt* contcnts. Apply Archimcdcs' principie to exprés* inc 
buoyaney forec H in term* of thc volume of Ibc barge . 

Su t i': Tbc frcc*body diagram Ibr ihc barge plus coal ¡* given ¡n Figure 14.59. 

ExgCLTx: -ma, 



^ -(22 mX12 mu 40 m)- L056x|0* m 

The man of ihc barge ¡s = where % referí toilccl. 

l'romTablc 14.1, p m ■ 7KO0 kgm J . The v chime l" + ís. 0.040 m lime* Ihc lolal arca thc Iítc picecs of xlecl that 
makc up ihc barge: 

r -|0ü40mi|2i22 mX12mH2(40 mw 12 m)* l22 mu 40 m))- *U ? m 1 . 
Thercfore, *^ - A** =(7*00 kgW)(94.7 m'l- 7.39x10* kg. 

Then -(1000 kgym*K1D56xl0 4 mV 7.39x10* kg^SxlO 4 kg. 

The volunte of ihis ma*sof coal i* Y^mm^fi^ -9.Sx|f/ kg 1 1500 kgm 1 - 6500 oí 1 ; rb¡* i* le*» that %o 
ít will fil imo ihc barge. 

EVALUATE: The buoyaney forcé B imitf Hipport bolh ibc wcight of thc coal and also Ihc wcighi of ibc barge Thc 
weíghl of thc coal i* aboul 1 3 time* Ihc wcight of thc barge. The buoyaney forcé increa*c* i*ben more of thc barge 
is lubmergcd^ so wben ít bokls thc máximum mau of coal thc barge is lully subnvrgcd. 
14.60. IMXT1FY: Thc bMoyjml forcé on me balloon must coual thc total u-ci^hi of thc balloon fabnc, ihc baxketanditi 
contcnU and ihc gas inside thc balk>on. = p^V . B - p m Vg 

SO UP: Tbc lolal wetght. nduiw of thc gas mside ihc balloon. is 900 N * 1700 N * 3200 N ■ 5S00 N 
EXXCVTE: SWNt^^yd^.l^^ 1 - ^^ 

EvaLUaTe: Ihc vtilumc ofa gi\cn mas» of cas mcrcaNCs tvhcn thc cas is hcatccL and Ihc dcnsity of thc gas 



FMdMecftMHi 14-1! 



14.61. loEvnrv: Apply Nc»*lon*s 2nd law fc> thc car Thc buoyancy foro; ¡sgivcn by Archimedcs* principie, 

Í*)Str tr: The frcc-rxtdy diaiiramforthc lloatinu car « viven in Finurc 14 61. (I" is the volume ihat is 



r 



ngnn 

m »p % m (900 kgH 1000 k . . i ■ (1900 m k 
- (0.900 i» 1 ] i 3.0 m 1 ) - 0 + 30 - 30% 
EVALUATE: Thc avcragcdentityof thc caris 1900kgV(3.0m')-300kg l L m 1 . p^Jp^ - 030: thiscquals 

1b) SKf UP: Whcn thc car siarts to *¡ak rl w fiilly submerged and the buoyant forcé u equal lo ibe wctght of ihc 
car pltii lite waler that is iñude it 

Ku:c tu: Whcn tltc cor t* rull submeigcd l\+ ■ J\ Ihc volunte of the car and 

. k i : sOms J >-2 + W*IO* N 

The wcighl of ihc car ii mg -(900 kgM9 + K0 mV)-8K20 N. 

Thui iltc wcighi of the waicr in the car whcn ¡t finta is thc buoyant forcé minia ihc weiuht of Ibe car ¡ttclf: 
«^=(2.94x10' N -81120 NH^Hri'**) 5 2.10*10* kg 

And V^mm^Jfi^m&AQKUt kgHlOOO kgW) = 110 m' 

The ftaction this is of Ibe loial ¡menor volume ¡* (2,10 m 1 t i.Vd*> m J :■ - 0.70 - 

EvaUiaTE: The average demity of thc car plus thc water irmdeil i» (900 kg* 2100 kgi<3J)m 1 )- 1000 kgm\ 
so / v ■ wheti the car tfaris lo nnk + 
14.62. lOEVtirV: Fcr a floating otyect. the huoyant forcé equab the wcight ni thc objcci. B - p^V^^^g * 
Stí Ui»: Water ha* density p - 1 .00 g'cm 1 . 

EXECtTE; (a) The volume displaced mu*t be that tthich has Ihe «ame wcighi and mass a* ihe ¡ce, 

9.70 gm _ , 

(n) No; whcn mcItciL thc cube produces ihciamc volume of w¿tcr ai wai displaced In' thc fioaiing tulv. and ihe 



water kvel doc* mi 
1.05 gmcm 

(d) Thc melicd waler takes up more volunte ihan thc salí water displaced, and so 0.46 cm' ílows 

EYajaaFe: The volunte of water from the mcltcdcubc \% less iban the volume of ibe ice cube, but ihc cube 
floati wíth only part of its volunte Aitaicrged. 
14.63. lot-vtiFY: For a flo&ting object thc buoyant forcé equals thc wcighi of ihc object. The buoyant lotee w hcn the 
wood sínk* ¡s B - p,+ M y¡*% * w h hcrc \\ A w the volume ofihe wood plu* thc volume ofihe lead. p—mlV * 

SETUF: Tbedensityof kadis IIJ-lO'kgm\ 

EXICUTB: 1'^ ■ (0.600 mX0.2S0 mu 0 .OSíi m) ■ 0 0120 id* . 

^=^«^=<600kgW>(O.OI20 m l )^7.20kg. 

í-lm^^w^te Uangfl^^r^ aod ^«i^*^ g>v» P M 0^^)g =<*»^>^W • 

P**-P~m llJxlO'kgm'-IOOOkgm' ^ " ^ 

EvauiaTE: Tbe voltime of the kad iianly 3.9^«of ihe volume of ihewood. If Ibe coninbution of Ihe volume of 
the lead lo F u is neglected the caktibtion ii KÍmplined: - {m^¿ + m wJ and ■ 4.K kg . The 

resuli of ibis calculaiion is in error hy ahoul 9%. 
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14.64. lotAim: Thefracltoo/oflbooluineihat floafctabovc the Huid ü /■!— — , where ¿n* tKc avcragc dcnviv 
of mebvdrorncicM*cc Probktn 14.29J Tbj* grvci ' 




I-/ 

50 te: The volunte abovc ihe wrfrec isA/J.tvhere A bine bcigbt ofthcitctiiabo\TlhciUfú*;cand /J-O.4O0cm : 
l- \i * i m : : ftwol Utmtbmd totuve floabng ftaciion / t má/ t ,p¡ J ^ . L"*ing 

EVaU aTE: p Ai ^ < Wbcn ^ increA*e*, me fraciion/of ihe objecl'* volumc itut « arme ilw *urrace 

14.65. (*) Ioíntiia: Apnly Ncwiocfi 2nd )¿sx lo ihe airahip. The huoyaney forcé i* given by Archimedet* principie; 
(he HukI ihat exect* th» forcé ¡* Ib; air. 

SfcF Uf: The frcc»body diagram Ibr ihc dirigible h given ñ Figure 14.65. Tbe lid correspondí toa mj» 
m rl - ii:o> lü' X>i9K0n*Vj- 1.224*10* kg. The nu« « u i* 1*224x10* kg píuMhenun oflhegit 
tlui filUihc dirigible. £i* the buoyant forcé exerted by (he&ir 

EXECLTE: ^F t -ma t 

H*urc 1J.65 

Wrile at^ in lerm* of - p^V 

And leí v divide oui; ibe equotion bccornci - 1 .224 - 10* kg + p^y 

1.20 kg. 1 !»' - 0.0899 kgm' 

K\ vé i .\i i ; The oeniiiy of (he jirthip is leu than ihe dcn*ity of air and ihcainfaip i* loially lubmergcd in ihe 
air. mi the buoyaney forcé execed* the weight of the ainhip. 
ib) SKT UP: Lct be (he mau thal could be lirted. 

I \m I I I : , r. . ;■ ..: ^{p^-p^W = (1 20 kgW -0.166 kg rn'Xl .10* 10* m')- 1.14*10* kg. 
The liftforeci* m- , - il 14 *10' kgX9.S0 m* J >- 1 12 kN. 

EVaUíaTE: The cfcnsiy of hehum u ks* iban thal of air bul grcaicr ihan th«it of hydrofpcti» Ilelium prowJc* hit. 
bul leu li ñ Iban hydrogcn. I lydrogcn U nol u*cd because it n highly cxplot ive in añ\ 

14.66. iDiXfiFY: The vertical forcci on ihe lloatmg object rnuNi sura todero. The buoyani forcé /Tanplicd lo Ibc object 
by Ihe hqunl ii given by Archimcdei** principie. The motion i* SIIM if ihe nci forcé on the object b of Ibc form 

F r = -ky and Ihen T - 2xjm^¡ . 

51 l li': Take ir io Iv d»wnwjrd. 

Ku:c t Tr : (n> 1^^^ - LA . where L u the verija I dtMance frotn the surface of Ihe liquíd lo Ibe boitom of ihe 

obiecl. Archimcdct* principie itAieii p$M - Af?* - — 

pA 

ih) Thcbuoyant forcé t% pgA{L + y) ■ Mg ♦ /' , where y r* the additional duunce ihe objecl move» downward. 
IJnng ihe reiull of pjirt (al and Milving Ibr v give% y — ^ . 



(e> The nei forcé fe ff^ ■ - p$A{L 4 vi = - í i , A ■ . ■.■ I and the petíod of otcilUmn U 

EVALUATE: The forcé F determinen Ihe amplilude of Ihe motion bul ihe period doe* nol depend on how much 
Ibrce ua% Applied. 
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14.67. loEvnrv: Apply thc rc*ufe* of problcm l4 + 66 + 

Sur UP: Tbe addilional forcé f'applicd to Ihc buoyi* ihc wcight u -m^of theman. 

W mv m (70X1 kg) 

fi$A pgA pA (l.Ü3*lÜ*kg;W)x(<U50mí 

flONoteihal in pati<c> of Problcm U + 66 t M t% thc ma¡u of Ibe buoy.nol ihc raa¡u of Ibc man. and ,4 ¡¿ibccroct- 
*cci>on aícj of thc buey, not ihc ampliludc. Thc pcriod i* thcn 



I : ^— r -2.42* 

U (O - Uf kgW)í9.S0 m *■ |ffi0,45OmV 

EVAUUTE: Thc pcrkfd U mdependcnl of thcma**ofthc man. 

14.68. IDKXTIFY: Aftcr Ibc water IcavcN ihc hosc thc only Ibrceon ¡t is gravity. U*e can«mauon of cocrgy lo reíale ibc 
imiial xpeed to ihc hcight thc water rcachc*. Ibc volume llow rale ú Av. 

SKfUp: AmxlpH 

i \mi ii (m}$m-* -mgfl. v - Jlgh - ^21980 ra VH35.0 ra) - 26.2 m* . (*D'/4h=0.SO0niV. 

\ xv \ x(26.3mfc) 

(b) O 1 y u conMant *o if £> ii twtcc ai grcat then v h dccrcaicd by a factor oí 4. k i% proponional lo , io A i* 

decreced by a facloroflfi. ^ 35J)ro -2^m. 

16 

K\ Al t ¡ATE: Thc karger Ihc diamctcr of thc norale thc ¿malkr Ibc «peed wiih whieh ibc water Icavct thc hoic and 
(he .tmallcr Ihc máximum bcighl. 

14.69. Idea iir : Tind thc hon/ontal mure xm a funcUonof thc hcighl rof thc bole above thc hrae oí Ibc cyhndcr. 
Thcn find thc valw of y Ibr whiehv i* a máximum. Once Ihc water lea^e* thc bole il more* in projcclilc molkm. 
Si.r Vvz Apply Bcmoulh** cquation lo pouiti 1 and i wbere point I i* al thc «urface oíthc uaicr and point 2 i* in 
thc xlrcam a* ihc waicr Icavc* ibc holc. Sincc thc bofe ¡* imall ihc volume flow rale out Ihc holc i* xmall and v, * 0 
y t - y t - // - rand p t — ;> - _ . Fot thc proyeciilc motion, takc *y tobe upward: j ■ Oand *j - -9.K0 m»* . 

Execite; (n> />, t+pf - * + y/wj giv« v ; - ^2g(ií - y} . In Ibc projccúle moiion, v lt -Oand 

that givc« máximum x taiidVc^ ^-^0 (/fr- /l 1 J (W- 2 v) -=0 Mid y*N/2. 
0»)* = 2Vrt//-v>^2^//*'2KW-// í J 2) i W. 

EVaI-I aff.; A imalkr r give» a larger k\ . but a nnallcr time in thc air arlcr thc «ater leavei thc bote. 

14.70. lof-Mm: Bcrnoulli** equation gives Ihc qiccd at which water cvit> thc holc, and frum tlúi wc can 
volume flow rale. Thci wíU depend on ibc hcigbt Aof thc waicr rcmaining in thc tank. Integnile lo fmd h 
Thc time for Ibe lank to empty 11 f Ibr wbicb h - (i 

Skf L t p: Apply Bcmoulh*s equation to point I al thc top of thc tank and point 2 at thc bole. Auume thc 
scclional arca A. oflhe lank n much lareer Iban thc arca A* of Ibc holc. i; ■ -— , u here thc minu* xivn i* 



hecauw h u dccrcxsmc aml tih di u nctrative, whercas \\ « poMiivc. 

t \m i 1 1 : nV^+W'ft+W^iX v¡=2gh + >i. A t v t ^A J y 1 ^^J^A víand 



■ 2jf^ » A t « j\ío i ■ J2gh . v, ■ - — - — v> and v 3 - . Combvninu ihc*c equaiiom 

éi A A. dt 
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EvAJ-HFt: The time r for thc txik lo cmpry ikctvnLC* wbcn the jtvíi of me Iwlc ti laiycr / incirsici 
Hierva lc* bccauw fie flicd A» ixi uicrcxtc m H i mrrcipundi lo a urcalci volunte i - inihally in tht 
14*71. IdeVUm; Appty (he 2nü comlitioti of cimilitvwm tu thc balance arm and j7¡t".\ thc Imt conditiun of 
tu thc bloeL and to thc brau mam The buityancy Ibrvc *m ihc i* ci\ vn b\ Archimtdc** principie 
buifyancy forcé on thc brau ms** in» iipiucud. 

I \*. Thcohjccu and forcé* *rc íkcichcd in Ti cure 14 71a 

A*. 



tthen .4j 
tanl, 

cutadilviuni 




tu 



Thc buoyanl forte un ilie brxn n ncgbclciL 
t*n wc inclodc the buuyam fuñe i/ dci ibe 
t>lock of weod a_ and n, are thc normal 

fuñe* excricd by thc balance arai un whicn 
ihc ubjcttint* 



L || t 

ligare 14.71a 

Thc frec Sodv iiiatm*ni fnr ttv baUner arm i* ¡oten in Figure 14 T|b 




ExttLTT: r> ■ C 



I IUUIV J J. i lll 



Su L e: The frrc<body diagram far ibc brai» man o ^iven in Figure 1-1 * 1 v 

tlIllllB Y F t =ma 



rtxurr 14.71c 

Thc Inre hidv diounini fnr (h: btick of 'ft'ood a riven in licurc ]4.7ld 



L4.71 



I I LL 



1^ 



Rrnrr I4.71il 



Din ^. - a. implicf a^jj -».jf ~B. 

« 0 ÍIM50 ky 



- ka 



l - P¿P* I - « 1 20 kgai M»50 ka cu )) 
EyaJ-J iii ; Hie niati of the wood n grcaicr than the imv of ihe bra»; ibc wund t* patimlly suppcricd by ihe 
buoyanvy forcé exeneü by me are. Thc h ■ ■■ ■■ . , m ¿ir of thcbmxcjui be ncglcclcd K ■ ■■ - i me ücnwry ni hraw u 
much more tlun Ihe tlcmity of air: the buoyaney forcé exerted on Ihe hmw by tlic arr h rrtuch Icm liian thc ivcichl 
nf me brui. Thc demity of Ihe baba uxxxJ u much Icii than ihedemtty of the bro^ w ihe buuyancy forre un líic 
baln Bood U nol %ucb a urutll fmeboo of ilx weieht. 

Iüen'Hía : B ■ Apply NcAiotT* sccooJ la» to the beaker. tiquid und block a combóte ii objcel 4nü ibo 

tu the Hock u a iinalc obyotl 

S£f Vti Take -t r upwanL Lct / h *nil F t be tlic Ibrcei cnrrc^pnndme (o Uic vcilc rvaJinu 
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IAiu Tt: Fotcc*oo rbe contbincd objccl: F it * F t ~{w á nt ( # * u;-)-0. i** 4 = F a + F £ -w A — w c . 

0 and E rcad mas* taibcr ihan wcighu *» whw ihc cquaiion n m 4 ■ rm t -w., -"' ■ thc 

in kg of «tule O; a similar staicmcnt apphc* lo m t É 

«i , ■ V SO kg * 7,50 kg-1.00 kg - LEO kg ■ 820 kg . 

Forcé» on¿; ít^-v, =0. pTj + ^-MjfsO. pK, +1^ = «, . 

y V. JKOxIO m* w 



<b>Dread*ihcm**ofH:S.20 kg^re^lbctoialntt^tiffiAndr^SO kg. 
EVaji afk: The oim of thc rcading* of the two icalcs rciraín* Ihc ¡ame. 
14.73. loEVTir>V: Apply Ncwion** 2 mi bu- to thc ingot Use Ihc cxpreniion for thc buoyaney focee given by 

ArcháncdcT principie lo solve for thc volunte of (he ingot. liten me thc ract* thal ibc total itum i* (he mjM of thc 
goU pliH ihc man of ib? ¿lununum and that ihc volunte of ihe mgol t% the volunte of ibc gold piin» ib? volunte of 
the aluminunv 

Sur L T P: Thc frec-body diagram Ibr thc picce of alloy n given in Figure 14.73. 

if>r-w M g-o 

RaJKAl 

m ,-4*0N 



S-45.ON~:W.0N-6J)N 

pN 

Ptarc 14.73 



AUo, ar j - 45.0 Njo* w s 45.0 NA(fJI «ñr 1 j - 4.59 kg 

Wc can u*c the known valúe of ibe buoyani forcé lo calcúlale the volunte of theobjcci: B -p^^S -60 N 

* P*g Íl000k & m>9.80 mV) 
We know two thnnrv 

(!) Thc ma» *m ofthegold pin* the rmna m of Ihc alumínum murt aód to m u : ^ ni - m m 

We : j k thu in termt of Ibe volumc* I r and I \ of thc gold and atuminum; p V r p\\ ■ at u 

<2j lite volurne* i; and \\ mu* add ta gíve V+i F t + V f = «o thal i; = 

U*e ih« in thcequation tn (1) lo elimínate l\: p A ¥ t « p t iK*t = 

y = ^-AK < ^4.59kg-(2.7-.l0 1 kg>W)(6J22xlO^ m J ( = , 769x i 0 . ^ 
- ^-ft IWsiiO 1 Itft'ra' -2.7-10* kg.m 

Theo t\-p % V t - (I9.3»í 10/ kgm l MI 769x10* . , ■ - . : ■ and rbc wght of gold ¡* n- ( -w.ir-íi4\ 
KVAJ-i AFt: h n>cgoldU29* ¿of thc volumebui 74% of the maxt. -cínce ibedcmityof gold U rnuch greater 
the dcn»¡ty of aluminum 

14.74. lofA iwy: Apply ■aw J lothetalLwilh +jp upward. Tbe buoymi forcé i* giren by ArchunedeV* 
príocíple. 

Ser 1 ► . balfi volumen P -^xr 1 ¿ *^(I10 emi' - 7238 cm\ A* it fleotv it ditplacc%4 weight of uaict 
equal lo iuweight. 

fcvi ci rt : (a) tJyputhm the bal! under water. ^nidúplaccanadcaiiomlamtHtnlofwAier equal toK4%of ihe 
balFt vohimcor (0.84X72380^1-6080 cm J . Tlti* muvh water Ki* a ma« of 60K0 g -ó.QKO kg and tt^eigh* 

(Ó.0S0 kgK^KO ni/*" 1 ■ 59.6 N, which h™ hard y»u*ll nave to push to *ubmergc ibe hall. 

(b) The upM ard forcé on ihe ball in cxccsi of it* own weíghl found in ron (a); 59.fi W lite balF% ma** i* equal 
to ihe tiu.« of water dtiplaced when ibe ball it Hoaiing: 

(O.16H72JXcm'K) + 00sctn')-U5Kg-l )5Skg. 

and it* accelcraiion upon relca-oe i* ihn* us— ¿ -51.5 m s" . 

<* l.15£kg 

EVALUaTE: \Mtcn the ball i* toially tmmened ihc upward buoyant forcé on ¡I t% much laruer than (ti wcighl. 
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14.75. (a) IdKMIKV: Apply Ncwion'i 2nd bw lo Ihc crown. The buoyaney forcé t% given by Arvhimcdci* principie* 
The taruct v amble i* ihc ntio pjp^ (c ■ crown, w ■ waicr* 
Su L t p: Tbc frec-body diagratn Ibr Ihc crown a giYcn in Figure 14.75. 

EXEtLTK: í/MiT 

T+B-wmQ 
Tmf0 

B ■ p m V g> where 
p w - denaty of water* 

V t — VOtuitte ofcrOWn 

l'ipirr 14.75 

Then ¿v+AXjr~»-a 
Uve x '■ a'.Í* W'here /i -deniily oTcrown, 

— ■ - a* wa* lo be xhown* 
Ai 1"/ 

f -*0 gtvet p+>*p* - 1 and 7" - 0 The*c valuei ore con&iitcnt. If the dcnaly of thccrown oqu&l* inc deiuity of 
ihc water., (he crownjutt flnatv fully tubmereed, and ibc lcn**on *houk! be /ero. 

When / -*l t p t Mid 7"- u\ |f »/\ iben i i*ncgltgiblc rciilive tothe wcighlh of l*am«rf f 

thould cquaL ir. 

(b) "apparent wcighi" cquaL* T in rope when (he ero™ b imrncricd in water T ■ yW, *o need lo compute /♦ 

A -I9J*I0' kg'm'; /*. - LOOxlO* kgW 

A I I9Jx10' Uní 1 I 

p^ ]-/ LOO*]!)* kgm l- / 

19J-1<<I-/) Md 0.9482 
Then r - S - «é *l¡Oni; *> \ i 12.2 N. 

(c) Nt™- ihc dcniiiy of the crown i* very ncarly the dcniiiy of Icad; 
p.*IL3xlC kg/m\ 

p, _ I . MJxlO 1 kgW _ 

" 1-/ filVC * LOO*]"/ kgtaT "T^J 
ÍIJ^l«XI-/)«id/^a9II5 
Then r-yW-<0.°H5)(l¿9N) = ILftN. 

Y-\ vi. i \i i * In part (c> ihe ¿verage dcn*ity of ibe crown ii lc<* thm m parí (bV *o tbc volunte ¡* grcalcr, B tí 
greater and Tu lc*s + Thcic meamrcment* can be u&cd to dcietminc ¡f the crown ih *olid gold. withoui damacimr 



14.76. lot-vim: Ptoblem 14*75 sm. = , where Ihc apparenl weight uf the obitci whenit is toullv 

A-i 1-/ 



in the IIumI U jw. 

Sur t'P: Kor the object in water, f^±* - ^^vit and for ihcobjeci in ihc unknown fluid. f^ 4 - w^^w . 
I-Anuí: tu) ili- , — ü- 1! . Dividing the%econdof inetcby the lint give* 

(b) When n (W n grcaier (han the (erm on ibe righl in ihe abovc expm^ion rt \a% lian eme. wdicaiing Ibai 

(he IIumIn i* lext den»: ihan wa(cr + and ihi* is conutteni wnh (he buoyani forcé when mipended in liquid being lem 
ihan ihal when lUipcnded in water. If ihc drnuiy of the HuhI » the %ame » thai of waicr ■ f u 
íxpected. SimibHy* if b 1c» ihon Hy, , Ibe lerrn on the neht in the above expreukin U greaier (han wk ( 
indieal tnc ihai tbc fluid i* dense r iban watt r . 
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<c)Wntinythc repulí of partía) a* j^S.» '"Aíi. andlo | vm g für j^. 

fi m4 = ]-£±±.{[-/^) = [-il22tot (0.I28U0844-M.4%. 

EVALUATE: Form*c acid ha* dcttsity c r valer thaíl llx density of water. When ihe objcci is immersed in fbrmlc 
aod the buoyant forec i* crcalcr and thc apparent wcicht is les* ihan whvn thcobjccl i* immcr*ed in w ater 
14.77. lD*-vnn and Su üfs U*c Arclüincdci* principie for o 1 . 

<■) B-p^V^S* where F u is thc ti*al volunte oflhe objecl 

- + V„ where « thc Milu me of thc metal. 

I-\miii: V m ^wfgfl m w («-hv^/y**! 

Thügira 

Solving for l; p gira F. - B ip^g}~ u ri(¿uX lübc 
(b) Thc c\prcs*ion den ved in parí i j1 gívra 

*. ™ r - r .2a*WJ 

alono kgWx9.80 mi') lü 9* 10' kgm M° K0 mV) 

K M « * ■ ^¡-í! --2.04x10 1 m' and KiV m ■(2.52xlCT < roYmtíylO 1 m') a 0.124. 

(100Ü kgnV)|9.80 mV) 

I mu ui: When r * 1>. ihc objecl i* solid and - 1^ - n.'^^i For 1 j = 0, thc repulí in pan < j i gira 

0 - ivrfl m )p m « ^>\Jff - ^AJÍ» whkh agree* with Archimede*' principie, v F ti incrcasei with the weighl kept 

fíxcd* loe toral volurac trf thc object incrcasc* and ihcrc i* an inervase in Si 
14.79. lot-Mm: For a lloating object thc buoyant forcé cquaU rite weighl of Ihc object. Archinicdc*** principie say* 
thc buoyant forec cquals thc weighl of fluid displaced by the objecl. m ■ pV . 

Skf Vwz Lct tíbc ihc dcpih of theoil Uycr* h ihc dcpih ihat thc cube k *ubmcrgcd in thc water» and L be Ihc 
Icnglb of a xide of ihc cube. 

I*\*:c i ti.: (u) Sctimg ihc booyam torce cqual to thc weighl and canccling ihe common radon» of g and ihc 
eras* «MÍO* arca, {1000)6 1 (7501c/ -(550)1 .d,émát are rclatcdby d * h* 0JS¿ - £, »o A -0.651 - 

Sur*iitution into thc (mt relalion gira ■ L ^^¡¿¡ffiffl^ - j¿r - 0 w m . 

<b) The g auge prcvsurc at thc kiwct face muti be «uflicicnt lo «uppon thc block (thc oil exertx only %idcn h ay% forvci 
directly onihcNock), and p - p^ 4 gL - ($5Qkg> , m i )&m m* z )(0A(X} m)-S}9 Pü 

EvaLiiaTE: As a ebeck. the pauge prenurc. Ibund (rom ihe dcpthx and dentitie» of thc fluid*, in 

«0.040 inK^SO kgrn 1 }' (0.025 mX10O0kg'ni k t||9SO nV} = 539 Pa. 

14.79. lo*-^ iii^ and St;r L'p: Apply ihc firxi condition of equilibhunt to thc bafge plus ihc anchor. Utc Archimcocs' 
principie ta relate the weighl of thc boal and anchor to ihc amount of water displaced. In bolh vaws thc toial 
buoyant forec muit cqual thc weighi of thc bar ge plu* tncucight of ihc anchor. Thits thc total amount of water 
displaced musí be the «ame when thc anchor \% in thc boat at when il is oht the *ide. When thc anchor i* in the 
water the barge diipbce* le» water» ks* by ihc amouni the anchor displaces. Thus thc barge risci in thc w ater 

1 \n i n : Tnc^ilumcofthc anchor i* +m'p-O$.0 kgi<7H60 kgW)* 4.456* 10 1 m 1 Tbe barge ha 

in thc water a vertical di&lancc h gi>en by f\A ■ 4.453» 10 1 m\ wherc A h thc arca of thc botiomof the barge. 
ft-fUSIxir 1 - .i n i' ■ ; : " ■ 1 1 1 ' nv 

EvaLüaTE: The barge rites a very xmall amount. Thc buoyaney forcé on thc barce plus the buoyaney forcé on 
thc anchor muM cüw»I thc wei^tl of thc bar se plus ihe weicnt of inc anchor. When ihc anchor i-S in the waicr. the 
buoyaney forec on it i* leu than lis weight íthe anchor doctn't lloat on iis own}. so parí of thc buos aney forcé on 
thc barge u tisrd lo hetp support the anchor. If thc ropc is cxiU thc buoyaney forec on thc barge mutí cqual only thc 
w h cight of the barge and thc barge rites sull fanber. 

14.80. lof.s iuy: Apply ■ ma t lo thc barrel» with ty upwani. The buoyant fbrec on the barrcl is gi^cn by 
Archimcdes*s principie. 

Skf ÜP: p+ -m^JV , An object tloats inafluidif irs average demity is le** than thc dcn*ity ofihc fluid. Uve 
den*Ítyof*cawatcri* I030kgrn\ 

EXICims (a) The average úensiiy of a flllcd barrcl a * m '~' ^t-^±-750kg l Wt 15 0 kg . -K7Skg m 1 » 

V V 0. 1 20 m 

whtch is les* ihan the demiiy of svawater. *o Ihc barre) float*. 



14-22 Chtptrr U 



Ib) The fraction abo* c thc *u?facc ( 



IU1 



Prablcm 14*29) íx 

fl» 875 kgnV 

"l030kgftn J 



D.1SQ-1MK 



(c)Theavcragc dcmiiy b 910 kgV ». 172 kgm\ which 

í L 1 20 m 



mean* thc harrcl *¿lütf. |n oidft to 



icnxion r = w M -a-ÍÍI77l; & TO l hO 120 m M^SO mV)-(Í0J0 kgpin'MO 120 m'M^SO nV* J ) - 173 N u 
raojuirad- 

E\ aii íaTE: Whcn thc barre I Jloatc. thc buoyant forte B cquabt iu wcight* v. Inpart te) Ibe buoyant toree i* irsv 
irun ihc wcicht ai>í r ■ w— S . 

iDfcvnrv: Apply Newton '* 2nd law 10 thc block In parí (a), use Archintccfcx* principie for thc buoyaney ftircc. 
Inpart ib), u*c Ecj.U4.6i tofind thc prcuurc al ihc tmver loeeof ihc block and Ihcn use Lq U^ -M lo calcúlate ibe 
Ibrce Ihc fluid exertv 

[*)Stl It: Thc frec-body diaunim for thc block iigivcn in Tigure 14 Mía 



E3BCUTE5 ^F t =ma t 

****** Afta 



V*W>TV 14.8 lu 

Thc fraction of thc volunte that t% mbrncrgcd 1% r A - ■ /VA 

Thui thc fraction that i* j^w Ibe nirfacc i» l^„ t ¿ 1^ - 1 - /VA. - 

EVALUATE: )f Ai ^ A ,ntf block ñ totally uibmcrucd ai il tloati 
IbJSr.T i;p: Let ihc water la>cr havcdcrxhi¿ ax *hown m figure N.Slb. 

E» LTt: P-JK* p.& + í\g{L -d 
Applying -ma r 10 ibe Wock gtve* 










j wuer 



I igftrr 14.81b 

( A * Aí < ¿ - ^ >M ■ ftM* 

i and y divide ouiand p r d r p^{L~d\ j\J 



I36«10' kgW-Mw I0 1 kn m 



i« ICO m) -0.0*60 rn - J 60 cm 



I3.6x 10/ kgm' - IODO kgW 

EVAJJJaTE: In thc cxprcu»on den ved in part |bL if A - A <He block flcat* in ihc lK|uid toully submerged arri 

no water need» lo be addcd. If t\ > p m thc block contínuci to lloat wilh a fraelion I - /VA above the water a¿ 

waicr i* addcd and Ibe water never reacbes thc top of thc block id -» «). 

14.82. iDEVtirV: For the flonting unker, ihehuo>unl forcé cqual» irs toul weiithL The buoyant forcé ¡*givcnby 
ArchiiDedej 4 » principie. 

Skf L'p: When thc mcuJ ü in thc tvikcn ít diiplacci ÍU wetght ofualerajidañer it ha^ been pouhcd overhoard it 
di-tplace^ it% volunte of water. 

EXFXtFF-: (a) The change in hcicht Ai i* reUlcd lo Ihc dúplaccd volunte AK by \\ ■ — . where A t% the 



turfacc área of thc waier in ibe lock. AT ii thc volunte of water thai ha\ Ihc 

A r . * V = «tffr— *> „ * . (2.50x10* N> 

A A p gA (1.00x10' m ^^ KOrn s ^(M)Om»:0 OmJl 



Ate mcial w 



[h) In thix c;»k\ Ai" ¡* ihe volumcof thc racial: w thc abóte cxprcuMn* i* rcplaccd by " 9*01 V,** ■ 
whkh gira Av ^ ^1. nnd dv - A/ ^ |a>- ^ 0* i H9 m; ibc watc r Iml falls üm 



EvaJ-I aFk: Thccfcnsiiy of thc metal is grcatcr than thc dcnsity of water, so Ihc vxiluine of wuter Ihai ha* thc 
same wcight as thc sicci is grcatcr ihan thc volunte of water that has thc same volume ai thc sieel 
14,83. iDCvnFY: Considcrthc fluid m thc horizontal part ofibe lubc. This fluid, with mas* pAI, i& tubject to a nci 
Ibrcc ibc (o Ibc prestare di llcrcncc bciwccn thc ends *rf thc tubc 

StF Up: Tbc diflcrcncc belween thc gauge prcssurcsai thc botlom* of thccnife of thc tubes is pg{}\. ■ 

Kmn: Thc nct forcé on thc hort/ontal pan of thc Huid is/JgOi — .*j — y» 'A', or, ( v t — j^J"«f* 

<b) Agam con*idcr thc fluHI ¡n thc horttonial pati of thc tube* A* ¡o part (a), thc fluid U aecclcrating: thc ccnlcr of 
tmiM has a nidia) accclcration of magniiudc - ai'í'Z and so thc diffcrcncc in hcighLs bctwccn thccohimns 

ís(ar¿'2)(/i'jf)*cV T , 2j£. An cquivaicni way todo part tbi k tobreak thc fluid in thc horizontal part of thc tubc 

into clemcnl* ofthKkncxs thc preiHurc diflcrcncc bciWTCn thc sioc* of ihis pttec is *fp — p{ta s r}dr and 

mtectaling froni r - 0 lo » - / vives \-- thc same resuh. 

EvaUaTE: (c) Thc prcxsure al thc botiomof cach arm is pruportioaal lo p and thc mass of fluid in ibc 
hixi¿onta. portion of tbc tubc is proportional t&p* so p divide* oui and thc rcsultsarc independent ofthe dcnsity of 
thc fluid- Tbc pressure at thc boitom of a vertical arm i* independen! of thc crosvscciional arca oí thc ana 
Ncwton's sccond lawcould be appbcd to acras* mechón of Üatá snullcr than thai of ibc rubc*. Thcrcibrc* thc 
rcsulls are independent and of thc sffc and shape ofall parts of thc tubc. 
1-1.84. lOEvnrV: Appty - uta toa small fluid elcmeni located a disiancc / from thc axw. 

Si;r Up: Fot roialional motion. o ■ <Vr . 

I.\*;t i rt: ta) Thc chance in prcuuTC with respect (o thc vertical dislance suppbcs ine torce ncccíuary lo keepa 
fluid eiemenl in vertical cquilibríum (opooiin^ thc «vighl). For Ibc rotaimg fluid, ibc change in pretsure with 
respect lo radius supplics ihc forec nccexiary lo keepa fluid elcmenl accelcrating toward thc axis: spcci5cally. 

dp - y~ ■ pa J*\ and mina a - ufr sivei — ■ . » ■ . 

ib) Leí thc pressture at i - 0, r - 0 be p {atmospherte prcssurcU inicgratinit thc expression Ibr — fnxn part (al 

c> 

gira p(r. y = 0)ip # *£ÍLr J 

(c) In V\\ í 14 Si, p - p t> P-Px = p(r* y-0) as Ibund tn nart {b) t v. - Oand r, = h(r\ ihe hcight of ihc liqiád 
abo^c ihe y-0 plañe. Using thc resultof part (blguci A<^>-ArVV2f. 

E\ Ai i iaTE: Thc curvalurc of thc surface mercases as ibc speed of rotalion íncreases. 

14.85. iDiXtlfrY: Fc4low thc procedure spccllied in part (ai and intégrate this rcvult forpah <b). 
SKr L'p: A roiating partiele a ihstancc r' fcom Ihe mlation axis has imvard acceíeration &V . 

i \n i 1 1 : (K^Tbenel inward Ibrcc is i p * Jp)A - pA - iJ;\ and ihe ma»of thc fluid elemcnt is pAdr*. Uüng 

Ncwton's sccond b«; wiih Ihe inward radial accelcralioo of <o 3 r\ gives dp ■ /w*r*d'r* i 

<ni Intcgrating thc abo^e expcessMKL J*í(p- J pe?i*dr f and p-p t \** * r "i^ *hich is Ihe dcsired result. 

(c) Thc ncl Ibice on Ihe object must be Ihe same as that on a fluid element of ihe sanie shape. ¡sucha fluid elcmeni 
is acceicrating inward with an accclcraiion of rnagnitudc wlt^ and to ihe forcé on thc object is /íl"fr//í _. 

(d) If pR mm . > /» l4 í ulli » thc inwafd forcé is grcaicr than ihai needed tokeep thc obycci moiing ina cirele with 
radius Jí^^, at angular frequeney t&, and thc object rnoves inward. )f pR ftí < p^R^^ me net forcé is íasullWient 
to keep thc objcci in thc circular molioo al that radium and Ihe object move* ouiw ard. 

<r) Objecis wiih lowcr dcnsiii^ will tend to move toward ihe centén and objeets with higher dcnsliic* will icnd to 
move aw ay from thc cerner. 

EVALiTATt: Tbc pretsure in thc fluid increases as Ihe ihttancc r (rom Ihe rotation axis mercases 

14.86. lot-MitY; Follow thc procedure ¿pcciñcd in ihe proMem. 

Skf Up: Lct ¡ncrcasmit x correspond lo moving toward thc hack of ihe car. 
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1-ahi n: (a) The ma&f of air in thc volunte cfcmcnt u /irfí* ■ pAcfx , and thc nct forcé on (he elcmcnl ¡n (he 
larward direction t* [p *dp\A - nrt - Froro Newton'* steand law» í.i> < a Idt kt, from wnich dp - ¿rarx. 

(b) With ^ given lo be cernían*, and with /»-/'. ji i - " P-P* + 

(c) U*jng jt-1.2 kg'm* in thcrc*ult of part tfOgive* <L2 U* n: n? it ni í *0 5 mi 15 0 P» ¿ 15*10 *n fc • *a thc 
Iractional prcvturr diflcrcncc « ncchgibic. 

(d) l-olkiwittf ihc ajyimvni in Scction 144. thc forcé on thc ha) loan musí be thc ¿ame a* thc forcé on Ihc «ame 
vohimc ofain Ibi* forcé b thc produci of thc ma** ¿iTand thc accckration. or pl'tt. 

<f) Thc accclcration of Ihc baJIoon t% Ihc forec found in part {d)dividcd by (he masu Aa*'« ° r (j>'puh' + Thc 
accclcration re bu ve lo thc car u thc diflcrcncc bctwccn th¡* accclcmitoo and ihc car*» accclcrolion* 

(0 Fot a balloon flllcd wiib air, | /'//' r- ) < I (air balloom tend lo «ñik ¡n rtill air), and *o thc quantity m ¿quare 

brackei* in thc rc&ult ornan (c) h negative; thc balloon movet to thc back of ibc car. Foca hcltum halloon. thc 
quanirty ¡n*Cjuarc brackcl* i» poutive* and Ihc halloon movc% lo thc fronlof thc car 

E\ aJ-Iafe: Thc prevure in ihc air Ín*¡c?c Ibc car ¡neceases wiih dtitancc from thc windshield toward thc rcar of 
thc car. Tro* prc**urc incrcaic i* proporcional to ihc accclcration of thc car 
14,87. locvtirv: AHcr Icaving thc tank, ihc water i»in frec blL with * -Oand ¿i. - t g . 

Si:r Up: I- rom t:\arnplc 14.8. thc *pccd of cfllux ¡* ^2gh . 

Y. \n i i i : i j> Thc time il takc* any panktn of thc waicr to rcach thc uround ■ f ■ \ ~*^ m wbkh lime thc 



waicr traveb a horizontal di*tance i? - w - 2jA{/7 - A). 

<n)Notclhai if F ■ -^{H -A 1 ) - (ff - and ¿o h-ii-h gtve» thc same range. A hok // -A bclowlhc 
waicr «unfacc i» a diMancc h above thc botlom of thc tank. 

ÜN Ai-i AFt: For ihc spcoal cajee of h - //*'2, n - A* and thc tm noini* coincide. For ihc upocr holc thc sneed of 
eflrux i* le» but Ine lime in ihc air dunng ihe frcc-faJI kgrcaicr. 
U.Rít. lonnn: U»eBcrnoultrs cquation lo find Ihc vclocily with wbich thcuaicr líki^oul iheholc. 

Su l >: "The walcr levd in thc w»*e" will ri»e unul thc voturtK flow ratc inio thc vcracL 2A0 * 10 * nV/s, 
cqualt thc volume flow rote oui thc hok in ihc boitom. 



Leí poinu I and 2 be cho*cn 
is ín Figure li*K. 




I \m i n : Bcrnoullii cquaiion: A "* PS>\ * tP*\ B Pt + P&'s+iP*: 

VcJurnc flow me oui of holecquab volume flow rale from tube givci that y. A. ■ 2.40*10 4 m' » and 

140x10* mftg t „ t 

\\ m — — ■ ■ .60 tn s 

■ LSOxlO^ m* 

^ * and ¿v^, %ayt ihai y/n' 4 «:¿^n^; ncglcci thc ' lerm. 
Mcamrc y from thc botlom of thc bucket + w> y. - 0 and v t - A. 
Pi*Pi-P+ (airpceraurel 

Then p 4 rpgh~ p^^ypvi and _ . ; Mi m.*l J 2(9X0 ra* 3 )- 0J3I m - 131 on 

l*\ Al t vfk: Tnc greater ihe flow rote ¡nio ihc huckcL ibc larger v¡ wi\\ be at cqm tibrium and thc higher thc 

walcr will rite in thc bucket. 
14.89. lDEvnF\: Appty Uemoulli'i cqualion and Ihc cqualionof continuity. 

Su L*p: Bxamplc !4S u yi thc rtpccd «f efflux i» ^2g/¡ . wherc k ¡s Ibc dittance of Ihc holc bclowlhc 

thc fluid. 
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Exkcite: (n> v t A t - Jlgiy^y^A, - J2<9-K0 m s ; KS.OO mliO-0160 id'*) - 0200 mV* 

<b)SÍnce p t i jimoapbehc, thc gaugc pcenure at poroi2is n, airfvj -ií>»Ippí - V| ), 

uang ihc fx^wm for v. íound abovc. Suotfitution ofnumcrx-al zulúes give* ;\ <^»7 ' l»V Pa. 

EVAUiaTE: We could aJ*o calcula» hy applyiug BcraouUi^ c*|uation topointi 1 and 2. 

14.94. lD£Vf1FY: Apply Ucmoulh'* cquaiion lo ihc air ¡n Ihc hurricanc. 

Skf 1"p: Pora panklc a diMancc r frorn thc raí*, ihc angular momcnium i*t L -m\r . 

Excc t -FF-; (a) Using ihc eomtaney of ungular momentum* thc product of ihc radiu* and *pccd tu conitani* 10 Ihc 

í 30 \ 

*pccdat ihc rimUabout (200 krohlt --- t- 17 kmh 
(b) Thc prctttirc U ktwct at thc cve. bv an amouni 



A y-Ia: kgW>(<200 kroM ! -líTkmh) " Y ______ ; - í.s - 10 

2 V 3.6 kmb 1 



Pa. 



(d) Thc pre»urc diffcrcncc at hicher allitudc* i* cven crcaicr. 

E* Al t ut: Accordxttg lo Ikrnoulli'* cquatíon. thc pre*M»rc <jcercuj.es «hen thc Üu*d vcloeily 

14.91. locvnrv: Apply Dcraoulli'i cquaiion and Ibc cquaiion of conlinuity. 

Si:f Up: üxample i 4 s vhtms thai ihc «peed of clrlux al point O is . 

Excc i tk: Apptying ib: cquation of conlinuity lo poinis al Candi) givc% Ihai thc HukI speed t% ^&gfa t al C. 
Aplyíng Beni^ .«A - 4/«A. B -3/«4. and 

thit i* ihc cauge prctuitfc at thc *urfacc of thc Huid ai/;. Thc hcight of ihc Huid in thccolumn » h< -3h t . 
EvaUiaTE: Thcgaugc prciairc al C i* lew than thc cauge ptcuurc p%h at Ihclwitttmof lank/J bccaiwc of thc 
tpcedoffhc flunlatC 

14.92. IdEVTOY: Appiy Ucmoulh'* cquaiion lo pomia I and 2. Apply p-p f + pgh lo both arms of Ibc U-*hapcd lubc 
in onkr lo calcúlate b 

m i l >: Tbc ducrurge rale u \_A % - v ; *4j , Tbe density of mcrcuty i* I. . . and Ihc denaly of 

water ii p f -LOO» 10' L¿ m . Lct porol 1 be where 4 -40.0x10* en 1 and potnl 2 iitvhere i II * m* . 

r .,. § x 6.00-I0 * lenta 1 .„ . 6.00-10 1 tom' irtft , 

1 400>IO*ro- 1 IOOxlO*m J 

- ¡\ -~r^ - v,')-^H)0(Jkg in J Hh«)m*r - El-^mij'» - L f>^ - ur Pa 

<*) P &*-P*+P ^ A>- p, ' Pi = L69ylQ Pa j_s0.l37ro-l3.7cm 

* * 1 * ip m -pjg (13.6-10* kg,m -1.00-10' kjm l )(9.H0 mV) 

EVALUOTE: Thc pFCuurc in Ihc íluíd dccrcasc* when thc apecdof thc Huid increado. 

14.93. (a) ImiMiKv: Apply comtani accckration cquaiior» tothe falhngltquid lofmd iiMpccdaiafuoctionof thc 
dbiancc bclow thc outlct. Thcn apply LqíM 10} totviaic thc \pccd lo ihc radium of thc Mtcjm 

SEr UP: 

Lct point l be at thc end ofibe pipe 
and lct poínl 2 be in ihc «reara of 
Uquid al a dUiance \\ beiow ihc end 
of the tubc t %hoi*n in Rgute 14,93* 



i; 
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Lon&ícW ihc free-fall of ihc liouid. Takc + i to be dounuanl 
rreC'fall implica a - g. v h poiilr\'C, %o replacc il by the «peed t\ 
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EXKCUTE: v¡ *v¡ + 2a(Y-y p ) gtvw v¡ - v¡ + 2gy¡ and 
Hujuaiion oí conlinuity %$y% i i i 
And anee ^ - *tt : r h, < becomex tiffij 1 and i\ - MVi)*- 

U* thb in thc above lo eliminóte v^z v t (rfír¡ ) - ^ * 2gy. 

To corretnond lo thc noution in thc problem, Id r, ■ i' t . and i - r¿. unce poini I u wherc thc liquid íinti Icavc* 
thc pipe* and let r. be r and y¡ bey. The cquaiton wc have derived ibcn bccomci r - 1; Ji7 i .¡ + -tfv» 1 ' 

ílií ^-l^Olllfr 

Wc wani thc valúe . : . tlut give* r ■ or r 0 ~2r 
Thc resuli obuined in part la) wy* r*f *¿ ■+ 2jp> ■ 

Soh'«K for y give* v - L» ^ J : . - U 0 m 

EvaLUaTE: Thc cqiiatHin derived in part <a> *ay* ihal / dccrcascs wiih diitance bclow thc end oí thc pipe. 
14.94. Idcttift: Appty ■ iw, lo Ihc rock, 

Si:r Up: In thc accclcratcd ftamc* all ofihc quantitici tlut depend onjjiwcichi** buoyant (oree*, cauge prctiurct 
and henee ten*¡orai may he rcplaecd by y m - y m -t %t. with thc potitive diicction takcn upward. 
EXEttm W Thc volurnc Pof thc rock i* 

F.^.^J«^WI0^-2li>M.-.- .... , 



P+**g P M g (LOOxlO kgrn X*MDn»V) 
<D| Thc tensión W > -mg*- ff ~{m - . ^ .' — wherc 7^ m 2 ■' -g+a.Far tf>2.50 

<t> For d » -2.50 mV , T * (2 1 .0 N) 9 *^ 50 ■ 15.6 \ * 
id)\ía--g. f'-Oand r»0. 

EVALUATE: Thc accclcrulion oí thc walcr altcr* ibc buoyanl Ibrcc it excrti. 
14.95. IDEVIIIY: Thc min *>f thc vertical forcé* on ihc objeet mu*t be reta. 

Sirle: Tbcdepth of thc boitomoflnc rtyrofoam is nol cjvcn; let Ihi* dcpib be h,> Dcnolc thc length of thc 

piece of feorn by L and thc Icngih of thc twoudc* hy /. Thc volurtic oílbcobjcel i* ~}'L . 
ExtxtTF.: (u) Thc tcnxíon in thc cord plui thc uvight imitt be cqual lo ihc buoyani íotvc. so 
T = yg(p M -p^)=$iQÜ* mfyOMmjfiM mVtflOQO kgrn 1 - ISO kfmt) -SM N - 

(b) Thc prctttirc fccccon ihc botiomof thc Ibamíi (p* */>g*,)/.(j2/) »d i* directed «rx Thc ptenurc on caeh 

xide is nolconsiant: ihc íorec can be found by inlcgraiine^ or uiing ihc rcsulis of ProbJcm 1*1.4*? or Problcm 14.51. 
Although inca: problema Ibund forecs on vertical lurlaccs» thc rcuilt thai thc Ibrcc ¡* Ibc product ofihc averaec 

prcisure and thc arca i% vuhd. Thc a\cr*gc premure t% f\, tflgíK - U'(2 ^2 m and thc forecon onc «ide Iua 

magnitudc (ft + «H-Wj!B|li 

and t% directed perpendicular lo thc sideral an anglc of 45.0^ lh>m ihc vertical Thc Ibrcc on Ihc other %¡de has ibc 
same magmiudc. but has a horí/onul componcni that im\ppmi%c ihai of ihc other siúc* The horixonlal componcni 
of ihc nct buoyant forve ti zznx and the vertical component U 

thc wcight of thc waicr diíylaced. 

EVAUUTE: Thcdcnialy i>f thcobjcel » IciMhan thc den%it>' ofwaler. m> if thc cord n^ere cul ihe objccl would 
lloat. \Micn thc objccl t% lully %ubnxrged. ihc upnard buoyant forcé it greaicr than t\s «ci^hi and thc cord 
pulí dott r nward on Ihc objeet lo hold it benealh ihc 
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U.%. iDEVtlIV: Use ibc cfflux scpctid lo calcúlale thc volunte flow ratc and intégrate lo fmd ihc time Ibr ihc cntirc 
Vúlumc of waicr to flow mil «f thc tanfc 



Si:f Lip: VYhcn thclcvclof thc water isa hcighlrabovc Ihc opening* uV cfllux *r>ccd is J2&y. and 
Emcifeí As thc tank draíns, thc hcight acercases» and s- ^^'^ffi^ % Í2gv . ' 



i separable diffcrcntial equation. and thc time rtodrain ihc lank ii round frora — ^ - - J — J J2gdf t vtb*ch 

E\ Al l aff.: Evcn though thc vohimc tlow ratc approachc* /cm a» thc lank drains* it emptíe* ¡n a finitc amounl 
of lime. IXiubling &k hcight of ihc lank doublc* ibc volume of water m ibc lank but ¡nercases thc time todrain by 

■■i:.;, a factor of v' 2 . 
14.97. loEYnrv: Appty DcmouhYf cquaiion lo iht Huid in Ihc linbtm 

Sur Up: l:\amplc I4.S ¿bous thui ihc efllu* «peed fram a «malí holc a dislancc h bclow thc surfacc oí IHiid in a 
large open lank w J2#A . 

t\*;c t fk: (a) Thc fact ihai thc waicr lint moves upwards bclbrc Icaving ihc Mpbondocc mu change ihc cfflux 

<b) Water will not flow if ihc absotute (not gauge} pressure woukl be ncgative* Thc bosc is open lo thc almoiphcre 
4t thc bottom. su thc prcvturc at ihc (opof ihc sipbon is p+ — flgiH wherc thc astumpiion that thc crou» 
aceitón arca ¡sconstani mu been used loequate ihc «peed of ibe liquid at thc topandbotlom* Sciting p-Q and 
sotvtng fot // give* H =*\p¿pg\~h, 

tVAl.t \ii ; Thc analysi* shows thal // t h < — , so Ihctc is alm a limitaron oo // * h . Vot water and normal 

PS 

atmospheric prc mutc. ■ 1 0.3 m . 

Pt 

I4.9fl. lotviwi 4jhIS»;fL'P: Amily o-/^<-/^*^ 

ExuCirrE: Anybubbks will cause inaccuracícs. Al thc bubblc. ihc preisurc al ihc luríiccíi of thc waicr will be 
thc same bul thc locb nced mH he thc same. Tbe use of a ho*c as a Icvcl afaimci thal nrosurc n thc same al all 
pointi that are al thc same Icvcl, an aisumptíon thal ¡s ¡nvalidated by thc bubhle. 
K% All afk: Larger bubblc% can cause larger inaccuracic^ hecause ibctc can be crcaicr changes i 
thc Icngihofthc bubhle 
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15.1. IdevtIFY: v~/Á. T-\t/i% thc time fot cinc complete vilxation. 
Su t'P: Tbc frequeocy of thc note onc octave higher i* I56K Ib. 

v 1 41 m* I 

Exixife; (n) Á-—- = 0,439 m. T - 1,28 n» . 

/ 7&4 Ib / 

q »A«I- 344pA -Q2l9m. 
/ 1S6K Ib 

EVAUaTE: Whcn/ii dímMcd* A ¡* tulvcd. 

lo*-vrw\: 11k dbtancc Ixiwccn adjaccoi doti ii ¿ . i * / .Thc Uxic-wjvclength Kiuml ha* thc kmvsi 
ftequenev 20.0 Ib. And toe thori'wavclcncth vound ha* (he hichc*t frcuucncy, 20.0 kí\z. 
Sv.T t'P: Por «ound in atr. v=344nVi. 

v 344 m % 

EJBCVTSS (u)Rcddot*: ■ i 7,2 ni . 

/ 20.011/ 

Mué díte: x - 144 * - Q.01 72 m - I .72 cm 
20.0x10' 11/ 

(b) ln cach vjw me separación creily can be mcaiurcd wiih a mclcr&itc*. 

Uluc dou; ¿ ■ — ■ 0.0740 m ■ 7.40 cid . lo cach cas: ihc icpmttian casito can be oicaiurcd wíth 
20.0-10 Ib 



mctcrxlKLaltfHiutfh fot thc red dot> a long lape nv¿\urc tvuuld he more converuent. 

EvaLUaTE: I-jiccí itfjvelcngihi eorre*pond lo «oiallcr frcviixuctc*.. Whcn (he wave «peed incrca^e*, Ibr a jzivcn 
i . l ucik \ . the toavclcnirth mcreaicv 

15.3. Idevto\: va fA~X!T. 

Si:f Up: 1.0 h - 3n0ü % . Thc crest to crert dirtance ti A . 

800*10* m _ M SOOkoi „ A( , 

tAiciFF.: v« 220 m s . v- =£00knvh. 

3600* 1.0 h 

Evalúate : Since the wixc ipeed i* very oigh. (he wave £inkc* wi(h very lidie ttamíng. 

15.4. iDEvnrV: /íav 

Si.f L'p: l.Oram -O.OOlOm 

¿ 0.0010 m 

EvaUiaTE: The freqoenev is much higher (han ihc uppcr range »í human hcaring. 

15A. IDECTIFY: vmfjL.Tmíif. 

Hp: lnm-10'ro 



■ 700 nm /- 3W * IQ> m * ■ 4.29* 10" llz . T = 133 * 10 11 % . Thc ftcqueocie» of viiibk hirbt lie bciwccn 
7Ü0*KT»o ^ * 

429*10 * Ib and 7.50*10" Ib . Thc period» he bciwcen 1.33-10 J * and 2.33*10 " *. 

I h> T is very «bttn and cannoi be mea^uied i*iih a %topwalcb. 

AJJ afe: Loncer wawktiglh i*Ktc™K to tmalkr Itoiucncv and tarect period. 
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15.6* lDEvn*Y: Compare ><y.r)givcn tnthc problcm to thc general formof l^í IM». / -l/Tand v- f /. 
i Up: Tbe comparUon give* i ■ 650 aun , /. ■ 2»0 cm and T - 0.0360 i * 
Exutirrt: (a> 6.50 rnm 
<b> 2K.0cm 

id) v - (02K0 mM27,8 II/) = 7,78 m/» 

<t)$incc there ú a minui &¡gn tn ftonl of thc l T icmi. thc wave Í*tra>cl¡ng tn thc - vnhrcction . 
EvaUiaTE: Thc jaieed of propagation doc% nol depend on thc amplitudcof thc wave. 
15.7. IdevTuy: Use Eq,(l 5,1) lo calcúlale v. 7 = 1**/ and A frdefincdby Eq4l5*5), Thc general tbrm offhcwavc 

runctíon ti given by Eq.(15,£) t which i« ihc eojuaikin for thc tranivcric di*placcmcnt, 
SefUp: i MiOnn. A m 0O700 nv >i = 0,320 m 

I \t*i m: {m}y=/Á %o /«v/¿ = (RO0m*>10J20m) = 25OII* 

r = l//M/25.0IU = 0,0400* 

fc m 2*U m 2x radOJ20 oí m i", radin 

<b) Por a wave traveling ¡n thc -r-direetioix. 

AI * = 0. W0, J)-,-ícos2*ír>T). so y- A at / -0. Th¡* equation dc-tcribei (he wave ¿pecified m thc pmbfcm 

Subslitutc in mimerícal valué*: 

t) ■ (0.0700 m>co42r< r . 0 320 m • t . 0.0400 «)). 

Gr. 0 = (ft0700mici»ÍÍl9,6iD *)*^(157 rad*V)< 

W Fwm pan |bK y = (0 0700 ra>coa|2.T<r 0 320 m * í 0.0400 * )>, 

Plugin t = 0,360 m and ! - 0 150 «: 

y = (0X1700 m)cos(2r<0,J60 mü 320 ni * 0,150 * .0,011X1 x» 
y = (0X1700 m)co*|2*<4.875 rad)| ■ *0 0495 m m t4,95 coi 

■:dj i i :■ ... i i = 0,l50t 
y*A mean* ci ai : ti . - ■ i I 

co*0 = l for 0 = 0. Ir, 4a\.„ = AÍir) or n = 0, L2.... 

So r ■ X wheo 2t(aM */+*?") =íi(2t) or xtA+xtT=m 

t -T\n- v ¿,i) = <0,0400 wi- 0.360 mO,320 m) = (0X1400 *K*i-l,l25) 

For n«4j f -0,1 ISO s (befare thc intfant in pan (c)) 

Por n - 5* f =0,1550 * (thc finí occurrcocc of y ■ ^ afienhe instan! in pul ici> Thas ihc elapied lime 
a 1 550 % - 0, 1 500 % = 0.0050 *. 

EVaUTaTE: Part ídi *ay% y- A al 0,1 15* and next al 0,155 s; (he ditlctcfKC bem-cen thc*c iwo time* » 0.W0 

whkh ti thc period, Al r -0,150 « thc parlkle at r s 0,360 m ísal y = 4.95 cm and travcling upu ard. It takci 

0,0100 % Ibr it fci tra\'d rxom r - 0 lo y - A, %o Durancwerof 0,0050 % i* rcaionablc, 

I5,S. iDEvnry; Tbe general formof ihc «aw funclion lora wa\ h c travcling in ihe — r-direction li civen by Eq,(1S,S) 
Thc time for one comptelc c\x\c to p»% a point « thc period T and thc rmmhcr thai pan per «ccond n thc 
Ircqucncy/- Thc ineed of a crcit it thc i*ave «peed vand thc máximum ipeed of a particlc in ihc médium 
ii v TT1 ■ , 

Srr Up: Compamon lo 1-^,(1 5,R>grvci A -3.75ctn. k - 0,450 rad.'cm and A» = 5.40rad i, 
2x rad Ir rad 

H\t:t i ri : (u) T 1. 16 * , In onc cydca mivccrcrt iraveii aduiance 

f> 5,40 radii 

2t rad 2,r rad 

= -0,140 m 

k 0,450 rad'cm 

<b» ¿- 0,450 radon, / - l T-0.K62 \U ^ 0*62 wMWmd . 

<c> v=/i = (0J62 IUHO I40m)-0 121 v H <ai^ = (540 rad s|(3.75 cm) = 0,202 n». 

EvaUiaTE: Thc tranivcrac wlocilyof thc parlóle» in ihc mediuni<waicr} n not ihc »anic j* ihe vclocityof thc 
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15.9* iDf-vim: Evalúale thc partía) dcmaiivc* and ice ifEqj 15.12) b <atbfied. 

m i l i' — coMít » on) - -í »n(fa * a* I ♦ — co*(,fcr * at) ■ -rtñnffa ♦ a* ) * —muí, .^i^). 

— iírH £t t«)- a» *in< ít * n* I . 

¿Y 

1-AHui; (■) — ¿- = -Ak ! cai(kx + &t). — - ■ .1. i o i / Eq*(l5J2) b Kat»fic<L if v = . 
rV ir 

H ^-^BalÉi+af). £¿— Waia*** . Eq.( 1 5. 1 2 ) íi %aiuficd. bf v - a*/* , 

M -Ui*\{kc). — k Icogfa -1 * -* J Jcotí;A*i Eq.|l5.l2í « rxH latbfiecL 

rtc rV & ¿V 

* ir * ñr 

EVAIX'aTE: Thc funcittHis cM£¥?AV)and Mitf£v -t )diflcr only tn pha» 

15.16- iDCsnn: i.and a, wgivcnbyEipílS^andilSJDV 

Si i l>: Tbciig» of v t determines thcdircdimormaiiooofipaniclcon thc. «ring. M \\ ■ Üand d. / O thc 

*pccd i>f thc paniclc b incrcatíng. If i' ( * 0* Ib: particle b xpccding up if v and a. havc Ibc «wc «¡gn and 

¿lowing dmvn if thcy havc oppositc ligns. 
Iahmj; (a) Thc giapruarc givcn in Figure 15. 10. 

(1*1 O i ■ íiíIhiWOi -0 and thc parí tele a mstiantancouily at retí. <t t --tu'A cni(0l - -aa ^ and thc particle b 
¿pccding up. 

<ü)f, - a*A*intz; 1 ■ i ' v r and thc particle b rnoving up. - i x .1 CQ%\zf 4) - -c/í 'v - ■ and tbc paniclc » 
ftlowmg duwn < v t and d t havc cppcnitc *ign). 

(lii) ir. I v^iii,r/2l - t'j.l and thc particie b rnoving up. a t ■ -o* 1 Aco*\t/2) - 0 and thc particie b 
lasiantancoiiitlY not accclcratíng. 

(iv) v, - falsía) *¡r/4i -*jj¡j2. and thc paniclc b rnoving up. a ■ -tf Acv*&jrf4) - <>' l/s^ and Ihc parbclc 
¿peeding up. 

(v) p ( = 0 and thc paniclc b intíantancoutly at retí. *j f - nJcotí»- ai A and ihc paniclc b 



[vi) v «£u4xin45ay4)a and ihc particle i* mtivingdown *j p * -t^A cot(5x/4) ■ ai* -4/V- and thc 

paniclc b slouinv down ( v and ^ ha\c t^cfionitc ngn) 

(vi*) v ( - o.ltint Xt;'2i - -fvA and thc paniclc » rnoving ckmTi. a t ■ -t* í ^coM3*/2) -0 and Ihc paniclc b 
iruiantancouNly not accclcmting. 

[vni> v t * toA%\ti{lxf4) - -oxAj . and thc paniclc u rnoving dm tf f - -úSAcoMIx/A)* -n»*Afj2 and thc 
paniclc b %pccdmg up (i\ and d r havc thc sime ftign). 

EvauiaTE: Ai i -Olbcwavc b reprenrmed hy Figure 15.10a in thc tcxlbcok: point (i) in ibc proMctn 

tr> thc onym + and poiniN |iiHviii>conctpond lo thc poiniN in ihc ficurc tabcled l-T. Ourrenilti aeree 
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15.11. iDEvnrv jihISkf L'p: RcjJ .I and Tftvm the mpk Apn!vEq.(l5.4>io determine J and thcnuie ]üi.(I5.1Ho 



Excc IfTK: (u) The máximum y i* 4 mm litad (rom vmphi. 

(b) Por cither .v thc time Ibr oot fullcycle t*0.040x; Ihi* i* Ibe penod. 

i<} Since y - 0 foc .y - 0 and i - 0 and unce the wave n travcung in ibc ^xdireci™ then 
><*. t) = Ai¡n\2iFÍt:T-xll% <iT«pha*ci*dincrenifrcmthc wave dcienbcd by Eqí 154); íbr thal *ave 
for x - 0, f - 0.1 Frorn the grapk if the «aie » traveling In the * x-direction and if x m 0 and x - 0 090 m are 
withm one wjvclcngth the peaL al 01 * foc * - 0 move* %otlut it oceur* * i * 0.035 x Iread from graph «o 
i* approxinntc) for v ■ 0.090 m Tbc peak for v - 0 i* the finí peak pa*t / - O *o corrc*pond* lo thc firtf 
máximum in un|2-T<f T - i X)\ and henee oceurs at 2x\t>T-xtA)*xi2. lfthU*amcjval mmcito 

r, »0«D35» 0.090 m. ihen 

2xii t tT-x t U)MXt2 
Solvcíbci: f,/r-V¿*l/4 

1 1 *;O.O4O*-0.25 - 0.625 
¿ * x\ /0.625 - 0.090 m t 0.625 -OJinv 
Thco v» /¿ = ¿T-0.14 ra 0.0*0* . 

(d>H l «mil . i:.' ;i the ~ Y-dircction. tben r(*. f) - Jsin(2«(f «T + xVi)) and the peak al 0.050» 
Ibr x-0 eortc»p*»nd*toihcpcakdi J ( »0.035* for *, -O.090 m. Thiípeakal *-0 w the *ccond peak r ' 1 
orígin m> correqiond» lo 2x{tfT + x>A)*$xí2. Ifihi* «une peak movex lo i t -0.035 * for *. - 0.090 n% then 

2r</ ( /r+x l / J 4)*ST/r 

VM=5/4-r ( /r»5/4-a035*'0.O#0* = 0J75 

X»x t /0.375 «0.090 nv 0.375 - 0.24 nv 

Then *m fXm X!T -0.24 ra 0.040 1 - 6,0 m.v 

EVAUMTE: No. Wouldn i know tvhtch poinl ¡n Ibe wave a: i - 0 morad lo v*h¡ch point al .v ■ 0.090 m. 
I5.I2. iDtvn»: v »&. r-/l-2rT. 



Si:r_ 

di \ l 

x i\ 2xí A } .2*. . X 



■AU ui; 



(a) Aev*2£\ t- +Aco*—l x-_J - »,*cos íx-vj) *hcrc — m Xf «r ha* been u*td 



rt * rV 2jtv . . 2jt t .* 

<b> v ■— ■ Ann—Jx-vi). 

X A 

(c}Thc ¿peed is Ibe grcatcxi when Ihc *inc i* 1. and ihat *poed u 2xtA/Á . Thb will be cqual lo v if A ■ X/2x , 
le*» ihin v if A < . t ind grcaier than v if ^ > . - , 

EVALUATE: The propagation tpeed anphes lo a)l noinlx on ihc *tríng. The tran»vcr*e xpeed of ú pankle of ihc 
«Inng depend» on boib x and í 
15.13. lo£vnF\: Folios the procedure «pecified in ibe prohkm, 

Siif Vwz For X and * in env vñ em 's and i in v ihe argurnent ofihe cocine i* in radian*. 
ExxtLTE; (&> r-0: 

xicm} 0.00 1.50 3.00 4.50 6.00 7.50 9.00 10.50 12.00 

jirro) 0300 0.212 0 -0.212 -O.J0O -0212 0 0212 0.300 

The graph i» *htmn in Fieure 15. 13a 

(b)(i) i-0.400s: 

xfrm} 0.00 L50 3.00 4.50 600 7.50 9.0O 10.50 12.00 

yiem) -0221 -0.0131 0.203 0.300 0.221 0.0131 -0.203 -0300 -0.221 
The graph i» thown in Figure 15.13b. 
<H>r^0.S00 *: 

x(cm) 0.00 1.50 3.00 4.50 6 00 7.50 9.00 10.50 12.00 

y (en) 0.0262 -0. 1 93 -0.300 -0.230 -0.0262 0. 1 93 0.300 0.230 0.0262 
The graph i» *hown in Figure 15. 13c. 

(iÜ) Thc graph* thov* ihat Ibe wav'c ix ira^lmv in ^.r^difechoti 



Muharóal Wavc* IS-S 



Evau \\t : Wc koow thai Eq*(l53>¡*fwdwavc travcling in thc +-¥<dircclira* mú >X-r.i)¡*dcrivcd fromihU. 
Thw í* con*Ulcnt wüh Ihc Jmvt»tt of prmxiK alion wc dcduccd fr«m our graph 



i.i>U: 



i) 


















0.120 



(140.0 I l*|[0 750 m]r - 4J.2 N 



2.50 m 

EyaixaFe: Jf thc frcqucncy U hcid ñxcct mcrcumg ihc tcn*¡on ■►vil] mcrcaic thc wavclciu*th> 

15.15. Ideviif* Jih! S#;rL'P: Uve Bq 1 1> .13) lo ^l^uUtc thc wavc spccd Tbcn utc Cq (I5,l) lo calcúlale thc 
wavcfatgtlh 

E\*;t i rt : (a) Thc iciuton Fin thc ropc b thc wcighl of Ihc lunuing nu«; 
F-«t-(Ut k«)(9JQ m*Vl4.7N 

v = J?^* - ^14.7M'|0.055D k&m) - 1 6 J m'ss 
<b) r»/Í i*A*vfJ 'B(l6JmW12DII/^0.136m* 

(c) EVALUATE: v ■ JÑj¡+ whcrc F - m%. IXmblingui mercas?* vbv a factor of % <2. Á -\<f + f 
and r incica&ct by a I Jetor of >ÍJ «o ¿i mercase* by a factor of Jl. 

15.16. Ideviift: For transvcrn: wavttonartring, v-^Fífi . Tbc general formof Ihc equaikm for wavc* travclmgiri 
tbc *.r^Jircction u y(xj}~ A coMi* Forwavci travcling in Ihc -i-dirteinm il i% ytxj) - Acxu(ks * a*} . 
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Sur Lp: Comjxiraon lo thc general cqualion gives A ■ «50 mtn - A - 1 72 radrn and w - 2730 rad* . Tbc 
hat ma**O.I2Hkgand /j .1 - 0.0850 k&ra . 

(Lt 2730 rod'i 1.50 ni 
EXECUTE: (u) v- — l 5.9 m * . / o_a 0.0943 

A I72nd>'m v 15,9 mk 

(b) l . (0.0850 kg mm\? * m «) -21.5 N. 

2t red Iff rad 

iO x ■ ■ ■ 0.0365 m . The number of uavelcngtbt aking ihe length of ihe string t* 

4 172 r*l m 



0.0365 m 

(d)Fora «ave Iraveling in ihcoppotitc ihrcctioiv. yixj l -{8*50 mm)co^(l72 radm|i r |2730 rud'*¡ri 

Eyam ate: Wc have A*sumcd thal (he icnsion in (he *rring ¡s corttlam and cqual lo II*. In realily the leniMm will 
vary along thc kngth of the sirinti hecauscof thc wcighi oí thc siringand (he uave *pccd \m\] ihcrelbre tury along 
tlie slrmg. Thc Icimon ai thc lowcr end of the sirMig will be W ■ 21.5 N And ai the uppcrcnd ¡t i* 
W * 1.25 X - 22 H N , an increasc of6%. 



15.17. iDEVTItY: For transverse waveson a string, v- y/ 1 y * v - í / . 
Scf L p: Thc wire ha* p-mi - (0.0165 kg)/<OJ50 m) ■ 0.0220 kgm . 
I ahí n : (■) v= /i -(g75 lbM3 J3*10 1 mi - 29.1 mi . The tensión is 

r-ftf ^(0.0220 kg/ro)(29.l m , w * ^ IR.6 N 
iU\ v^29.1m* 

EVAUIATB If ¿ ¡* kept frxciL Ihe wave ipced and Ihe frcqucncy mercase unen ihe lerokin is 

15.18. iDEVflFY: Appty ^F r -0 lo determine thc tensión at AlTcrenipointtof Ihe rope. \ - ^í u 
SttVrz KromExamplc 15.3. «^-MOkg. - 2.00 kg and y - 0.0250 kgtn 

E\*;t t tk: (u) Thc tensión at ihe boitom of ibe rope ¡sduc lo ibe wcight of the load* and thc ¿peed t* ihe tamc 
H&.5m/s ai (bund m Ivxampk 15.3. 

(b) The tensión at memiddleof thc rope k (21.0 kg)<9<80m/**)- 205.8 N and thc wavc speed i* 90.7 m/s. 
<e> The tensión at Ibelopof Ihe rope is{22.0 kgK9.&0mV)-2l5.6m* and ihe speed ú 92.9 mY*. (See 

Challenge Prohkm ( 15 >82) Ibr Ihe clTccisof VArying icnsion on the time il takes lo wnd %ignah.) 

EvaUiaFE: Thc tenuon Íncrea.tei to^ ard thc topof the ronc. so thc wavc specd inereaset from thebotiomof thc 

rope to the top of Ihe roñe. 

15.19. iDcvntY: v~JFÍf¡< v~fl Tbegene«lfocmlbr yixjYn giren in Eq.(l5.4K wfeere T -V f .Eq.(IS.lO) 
■ ■■ ■ IhAi thc máximum tran* verte acccleniiion is d J4 - ú>'A - (2r .' t i . 

StFLTP: /í-00500kgm 

EXECirre: r» v- JFfp- ,/<5.0O M/<0.0500 kg^'m) -10.0 mf% 
ih\A~Yff*{\ 0,0 m¿* )/(40Ü I lz> ^ 0J50 m 

HlteO-^fM^lr-Mt)* * & 2jt/^^8.00t rad'oi; ^^2t/-W0t rad: S . 
^r) = <3.00emlcos|^(RXl0 rad;m )> - iHOO? rad/s)rj 

(d) \\ ■ ■ m .i..J .. ' ^í}. íi, _ - A» 1 = ^(2^/) J -IÍ90 m/* J . 

(c) :^ mueh laxger ihAn j?, so ti i* a reasonAMe approxmution to ignore gravíty, 

EvauiaFE: vi.v./) in rwl (c)gívcs ytO,0> - .1 . uhich docs corrcipond to the oieillator hAving máximum 
uptt Ard dtfplaecment Al f -0 , 

15.20. HnWnPK Appty Eq k (15.25). 
StfUp: w-lxf. p-mtL* 

EXECtfE: (n> P 9t -LifiiFrfA*. P„ ' kg j(25.0 NHlg(120Al Hjc» J )l.6xt0 ' -0.223 W 

or 0.22 w to two figures. 

<b) P t4 is proportional lo A 1 . so bAlving Ihe amptirudc quartew thc average powcr. lo 0.056 W. 
EYAJ-i'xrE: Thc average powcr n aho piupivtional to ihe ñauare oí the frequenev. 
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P ir 
15.21. lOEVtirv: Fec a point ¿ouree* f ■ ■ and — ■ 

SkfUp: I iíW = 10* \V 



,h) ¿■¿.«Mi /j = 1.0j/WDi : and ik-fe», /.tj/íi] m / /4 -0.25 «WAn 4 . 
4c>/ í i Jí4 í r^l^n0.0W l in i )(4TMJ0 í 0 m^UxiO 1 W 

EYauiaTE: The»: jiv approximale calculalkmá* thai ^mmc ib: lound ü cmiticd unílormly in aJl direcúora jihI 
ihat ignore inccftectsof reflectíon. Ibr cxamplc reflections Irom ibc gsound. 
15.22. iDEVflFY: Appty Cq.<1526)* 

SET Utz /, =0.1 1 w m - .)¡-7.5id. Sei / -10 Wm J and vK« fer r . 



ExrxirTE: r¡ ■« (-1 - 175 mt i- L—bUbl mmí i* potubkr lo move 



— ^ ■ 7.5 m - 2,5 m -5.0 melóse? lo ihc lource. 

I*\ Al t vfk: /mercase* ai (he dútiancei oCme **b*cr>cr Irom ihe tource 

15.23. iDGvnn and SEí Lp; Appty Eq.(l5.26) torebte /and r. 

Poner u relaicd lo ¡nicn-*ity 4t a diitancc r by /*-/i4^r ). Enetgy i* poner bmn time* 
CxJc i Fti (u) itf =i¡r¡ 

/js/^/r^) 1 s (0.026 W.m'KU nrll m)' = 0.050 WW 
<b) />= 4*r J J = 4*(4.3 m> 3 (0.026 WAn*) = 6.04 W 
Energy -A- (6.04 WH3600 1} ■ 22-10* J 

I\ ui mi : We eould have u*cd = 3-1 m and /- 0.050 W.itr in P-farl and nould have obtained thc 
lame/*. Imcniity hecorne* lera a* 'mercase* becaittc ihc ratfcalcd pcwcMprcad*OYera«phcreof largerarca. 

15.24. Idemifv: The Icrcum and itoju per unit leneih of ibe rope determine thc nave specd. Compare yixj) given in 

the problern to the general Ibrmgiven inLqil5.K>. v = . The average poner i* inven by Ecj. 115.25). 
SETUF! Comparar* niml^.ll 5.8) give* A - 133 mm . 4 = 6.98 rad m and ai=742rads 
EXEtirTE: (a) A = 2.30 mm 

(c) ¿ ¿1- , — = 0.90 m 

y ' T 6.9S rad.m 

(e) The nave w uaveling in the — x direelion becaute thc pha*cof y{\\ t í ha* thc form kvttjt. 
(1 I Ibe linear mai* dctuiiy ¡x /j = (3.38*10 * kg)/(L35m) = 15OJxL0 ' kgm . %o the tcnüon Ei 
f «¿tv* =(2.504-10 1 kg/rjiXi06.3 ^-ttJK. 

<l) í. *íJmF*?A* =$<jQ.50xW kg/«K2t3N)(742 rad/*)'(2Mxl0 ' m) a =0.39 W 

EVALUATE: In pan (dj ne could ¿l*o calcúlale ihe nave tpeed ai v - fX and ne nould obiain the same repulí 

15.25. lotvnn : /* = 4*/*/ 

BErUR FromlUample 15.5, / =0250 Wrn 1 at r = 150 m 
I \m i n : P = 4jrr z i = 4^(15.0 m) J (0.250 W. m J ) = 707 W 

EVALUATE: / = 0.010 W.'m* al 75.0 m and 4^(75.0 ml^OXllO Wm*) = 707 W . fiitheavcragc powof me 
%jnuM>tdal naves emiued by the ¿itxirce. 
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T7»c dotancc Ihc vhape travcb in lime i ti W. The wave nube rcflccti ji Ihc end of thc *tntt£. ai 



írted w hen O i* a fixed end not mverted vv 

thc civcn timev rcspcctivcly* ¡s *ho^"n m 1'icurc 



Eut.Mitv 

pwnt O. 

Sur UP: Thc rcllccicd pul»: ¡* im 
EXEtUTE: (a> Thc wave form for 
(b) Thc vv ave Ibrm for thc grven times*, rexpcclivciy* i* *h«v*ti m 1'iguxc I5>26b* 
EVALUATE: Fot ihc fixcd end Ihc rcsult of thc reftection i* an invcttcd pubc traxclmg 
end (he rcsuli b an upright pulse intvdimi t« ihc IclY 

/\ A . v 



cnOi 
5 26a 



ihc lelt and for ihc frec 



(a) 



k fc uo 



15 




15 im 



V ti* 



25» U><m 
0» 

Figure I5J6 

15.27. Idevfif\: The dbtancc ihc vaw *hapc travcb in lime f i* u* Thc wave pubc rcflccti al ihc end o f ihc xlring* al 
pomt0> 

Si: r IP; Thc reflectad pul&c b invcttcd vvhcn O b a fixed end and a UM m v erted when O r¿ a Itcc end. 
EXlXL'TE: (a) The wave Ibrm for thc given time*, respective ly*. b *htmn in Figure 15.27a 
(b) The wave Ibrm for thc given time** rexpcclivciy.. bibown m I'igurc 15,27b. 

EVaU aTE: Fot ihc fixed end ihc rcAilt of ihc re llcction iwn in verted pubc travcung lo Ihc left and for thc frec 
end thc repulí w an upright nube Iravding to thc lell. 

¿ 1— i — i— 



j— i 



"1 



n ^ 



J.o ™* 
<b> 



■ i 



r.o,i* 



F¡*ure 15-27 

I5.2S. lot.s iifi: Apply thc principie ol *upcrpmition 

SKF Up: Thc nci duplaccmcni i* thc algebr&ic *um of thc dbplaccnicnt* due lo cach pubc. 
Kxccrr E¿ Thc &hapc of Ihc stringat cach \pcciftcd time u ahown In Figure 15.28. 

EvaIAiaTE: Thc pubes intcrlcrc vvhcn Ibcy ovcHap bul resume their original *hapc altor Ihcy havv complctcly 
pas^cd thtouch cach oibcr. 




Ih» 



.11 



Figure 15*28 

15.29. íot-s ium Apply thc ptinciplc ol *upcrptnilTon 

Si: i l. p: Thc tici ditplaccmcni \* thc algebraic mm of thc dbplaccmcnt* due lo cach pu)*c 
I*\i;(1FK: The khapc of ihc «trinsr at cach spccificd time » shou n in Figure 15.29. 



i 
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tSM. Idevtifv: Appty thc principie oí superpon™ 

Su UP: Tbc nci dupbKctncni i* ihc algcbraic mm »í thc dbptacctncnt* duc lo cxh pulse. 
l!\*:c i n : Tht *h¡ipc of Ibe tfring at cach spccilicd lime u showu ¡n Figure 15 JO. 
EVAUMTE: Thc pulses intcrlcrc when ibcy overiop bul resume their original *h*ipc allcr Ihcy have 
pa**ed thruugh cach other 
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iDtMin; Apply ii 
Si:t l e: Tbc nct ditplaccmcni ¡* (he 
E\t:c vn.: Thc sfcipc of ibc vuinu jt cach spcciHcd lime u *hown in 
EVAUUTE: Thc pulses intcrlcrc ivhcn Ibey overlop bul resume their 
pjsscd thruuub e&ch olber. 



4J» 



id cach patsc. 
15.31. 

orí cmal *hatv altar ihcy have 



Mí 



l izurc I5JI 
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15.32. IDEVTIFY: —y, + y¿ . Tbc stríng oevcr movcs at valúe» of x for wbich Mnív-0 . 
mi I r: B)~%\oAc<tíB tcatAttnB 

EXECirrE: (&> y^- Aún(kxt&t)* Aún(kx-at). 

\ M - ^SÍDÜYICOMa* f ^o*i¿Omtin r i * an ú^oHíí » - C«>4¿*)sro|ft*>] - 2^*tn4<fcx>COS|ft*) 

4Mñir»Oferfa;-w,»-O.I.2..... 



EvaIaiaTE: Usüig y = ^sitHtx i &i) ¡mtnd of y - .4 cosita t a* ) correspondí toa particular choicc of ptu*c 
¿nd correspondí to y -0*1 * -0, for *llf 
15.33. lo*-vn*\ 4jhI S*:f L'p; Nud&occurwhcrc iÍn¿x-0 Midaruínodc* are where nnAr = ±L 

<i) Al a nade y-0 fonll t Tbi* rcquirei that siota-0 -.1 th i . - ¡ iro r- n * . ■ t íi=0, j,2,„. 

í-w/h — = <IJ3rn)ir.ji = 0* 1,2,™ 

0 ?5Or md ra 

(b) Al sn umínode ninta «±1 *oy will tuve máximum amphludc> Thu oceurc vhen Av - \n * -|-t, 

x=[n+Üx>k=i«+$ " ^tl.33m)(rr+j), ff *0, 1,2,... 
0. 1 50x rnd/m 



EVALUaTE: a ■ 2¿r 'k ■ 2.66 m Adjuccnt ttodc* are icparjicd by Áf2 t adjacent antinodc* are «eparated by 
Á .' 2, and the node lo aniinodc disiance is Á /4. 
15.34. iDEvnrY: Appty Eq*.U5'2&)and(l5.lr> Al Jin animode, y{()- r ^ %tn&* i and w for ihc viandins v. jvc luvc 
ihe same valúe* as for ihe i^o traveling wave*. 

mi I r: .1.. -O.HSOctn . Tbe JMtróoae loaroroode diaance n 4/2,10 ¿ - tt.Ocm. v, *Byí& . 

K«:ci n.: (a) The node lo node diMunce ¡i si/2 - 15.0 cm . 

(b) 4 i*ihc m a* for me sionding nave, so si- 30.0 cm. A~-LA^ % - 0.425 ero . 



T 0.0750 & 

<c> ij = ^aninfacos** . Aiariarttinode «Íoir-Lw r, - í,^"»^ ■ +mm m 
^_2rrad^ Igrad _ K? 8 ^ ^ v fc =(0.850^10' r*d^) = 0.07l2 ro* . 1^=0. 
<d) The disiance from a node lo an adjacem aminode i* Á/Á - 7.50 cni 

EVaIaiaFE: The máximum iramventc tpeed for a noínt at an rounode ofihe lUnding vave ih iwicc Ihc 
máximum traavvcrie specd for each travcbng v*ive t «nee ^ = 2J . 

15.35. IMNTTFV: tvaluatc e y ¿\ md e'y >t>r' aodxee if Eq^]5-]2>iiutModfiir v-^ £ 

5 3 5 

Sur l T P: ^-linAx - AeoiAx ♦ — cix¿v - -í vinív . — im^v - Arco»¿r . — coift* - -^isinfn* 

ftr * ft ñ 

I \m 1 II : (■> _ \'[^iinfií]«nAi. L- L- -/-y [.* Mnnif ¡mi*\, so for y<x,f) » be D toltilKro of 

<b) A «landing wwc « bullí upby ibe 4jpcrpoiiiionot*tn\ t clrng wjvcv to \vhich thc rrUtionship i- -Ájk apptics 
EvaIAtaTE: y(^')=f^u *»nAx)iinAí U a «rfulion of tbc wave equation beeausc ii iw turoof ¿oluiiom to thc 
wave equalion. 

15.36. iDF-vrm jíhI S#;r L p: coiikx ± ex) - cotkxcatcM +únkxíin&M 

y, +y t ~ A[-C0*kxcoia* + inkxannM » coxticosAT •nnA^unov) - 2^unAr»inAV * 

EVALUaTE: The óerivation shows ibat ihe lUindmg nxc of lOq <I5 2Sj re*uhs from ihc combination of rnti 
wave» wrih ihe lame A. X\ and w ihat are imvctinu in oppositc dircction&. 
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15.37. iDCvnrV: Evalúate fv/fV»d flVfT and show thal l:q( 15.12) ík %ati*Jicd 



Exici n : 



£*r *Vi . ^ V» nk 



ihc wave c qit ai iiffl. ra 

«"/ tfu <v. 



The funcliocu y, and v> Are unen a* bcinc wiIuIhhi* ta 



.y ? Uva' 7J7 a»' J j * 73 

Eb.(1S.12). 

EvAl-l AFE.: T^c «uve cüjuaikm ¡* a linear cquaiKin* ai ¡t ¡* linear iti thc deriva ¡ves, and diiTcrcntiation h a tincar 
ope ra tipn. 

*>L í r\ 

15.3*. iDEVtirV: Ford «tring fuod oí bolh endi, - — and ni — t. 

Si.r l e: Fot thc fundamental* » ■ I . Fot thc seeond overtone, n - . i'or (he úmrth harmonie. it-4. 

EXECirrE: (i)^-2i-3.OTm. jr-^-^^-lá.OHz. 

< h i . - .■ \ i o . ■ - jy; - 48.0 11/ . 
m ^ = -A/4 ^ 0.75 ai . f> » 4¿ = 64.0 ILe . 
EVAUUTO As ií boma, /l ifccrease* ond/increas«. 
I5J9. hnrm UwEq + (L5.L>rbrva^eq.(1513)forihcicniKin^ v -ry íi and o sír ( /ir. 
(•) Sn Up: Thc fundamental slanding wave isikctchcd ¡n Figure 15.39. 

/ = 60.0 II* 
l'tom thc iketch* 
ffiml so 
A*2t*lMm 

fútame mol 
Figure 15.39 

H Vi < 1 u : vmfXm (60.0 1 1/H 1 .60 ni) = 9M nVs 
(b)Thc tención u rebicd lo ihcwavc spccdby Eq.(l5.l3): 
v-JfTÍ so F-jnA 
pmmfLm 00400 kgO.800 m ■ 00500 kg m 

F«/fV ^<0 + 0500k^ l roX% + 0m*) ! -4ol S" 

U) ra - 2t/ - 377 rad's and n ■-. f) - ^ A Mn£vtinn> 

v. smiAacoia*; - *in¿t*in¿ur 

^(377 nd t sH0JQ0cm>-l.l3m«- 
((1,^=^4 -(377 rad si J (0.300tmi 42* >m v 

EvaUaT£: Thc transvcrxe vclocily U diiTcreni rrom Ibc naw vclocity. Thc wavr vclociry and tensión are 
¿imitar <n magnitudc (o ibc vakic* in ibc Exornóle* ¡n ibc text Note itut thc transverse accclcration ts quite largc* 
15.40. lOEVtltV: Tnc fundamental freuucnev dependa <*i Ihc *avc tpccd + and thal ¡n lurn dependí on thc tcrüdon. 



4Ü i .» 11/ 




Skf L'P; v= I— wbetc a - m .' L ♦ /, = — . Thc nih rumióme ha* ircuuertcv /. = nf. 
a 2L 



I \m i il : (a) v- 



F ¡ñ jjmo XKO.400 m> „, ^ v 327 m* 



Ib) n - 



]íM.«.t:¡ t]/ 



^ 24.4 . The 24 ,í hannomc i% thc highcn ihai coüU be hcard 



Kvajxafe: In part fb) wcu&c ibc fací thal a ¿t&ndmg wvoa ibcuire ptoduec% a sound wavc in air of thc same 
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15.41. lofAiin: Compare yix, t) viven m (he problcm to &j.(15.2H). From (he Ircqucrcy and wavelcncth Ibr ihc 
(hird harmomc find thc»? valué* Ibr Ihc cighth harirnink. 

(a) Sí l l : : Thc third barmona? itanding v*avc paitcm i* *kcichcd in Figure 15,41, 




Fipirc 15*41 

Iam i ii : (b) : | í 1 5.2KJ gívet thc general cquation for a ttanding v»avc on a *tnne; 

píx, t) = [A -■: ii - 1 ' ■- 'i ■ *' 

A^-IA* *o A~A^ íl- í5.60croV2-2Jt0cro 
<e)Tlw%ketthmp*rl<a}thow*ihM ¿s3(¿.<2*. ft»2rrM, 4-2*7* 
Compari&oo of r(.v. t) givcnin (he problcm lo Eq.< 15.28) gívc* 4 - 0.0340 radcin So. 
4 ■ 2t.10.QM rad crnl - 184« cm 
l-J(yl'2j-277ctn 
(d) A - 1H5 cm É from part (c) 
« = 50.0 rad * 10 / = aií2t = 7.96 11/ 
períod r = l// = 0.126* 
v- fA- UTO erns 

v t tinto coi oí 

n H ««4* ■ (50.0 rad.<H5.60cmi ■ 280 cm.» 

«O /j*7J»H»«3/, m / ( = 2.65ILr ¡*iherondamcnial 

£-8/,* 21.2 II*; o*,^2 í e/ < =133rad» 

A ■ W/ ■ (1470 nAKIU I L/i ■ 69.3 coi and ¿ - Zí á - 0«$06 rad on 
■.i. I) * (5.60 t-m)Mrj [ü.ifttfe rad'cmjr j*iri(|l33 rad*)i) 

EVaUiaFE: The wavclcmjih and freefueney of thc Maudmc wave cquaU tbc viavclcn^th and Ircqucncy oílhc lwo 
traveting wave* (hat combine to Ibrm ihc itanding v*a\c. In (he 8ib harmonio (he írequeney and wave nuraber are 
larger than ¡n ihc 3rd harmonic. 

15.42. IdeCTIFY: Comparo (he >1.r.r):mecificd in ihc problcm (o (he general frrni of Lqi \52&)< 

%Eí I r Tbc gi>e* A^ ■ 4.44 rnm . i ■ 32.5 radm and ai - 754 rad's . 

Exictn; r» J = - j(4.44mm)-2J2mm. 

(e> If ihc «ave traveling in thc ^.v direction n wrírten as j* é (xj) = /Jco*{£* (hen ihc v*avc iravcling in (he 
-* -direction b i ; lí t M - -AcG*lkí * n*K whete A m 2.22 mm from pan (a), k =32.5 rad/m and ai ■ 754 rad/* . 
(f) Thc harmonio cannot be dcicntuncd because ihc lengih oílhc itring U nal tpecified. 

EVALUATE: Thc rwo (raveling wíw (hat produce (he tunding wa>e are idcnitcal excepi Ibr their direclioci of 
propagalioo. 

15.43. i*) Iimmiky ™lSn Vr: Lie the angular frequmey and wave mimber Ibr ihc travcling wawin Uq.M5.2K) for 
(he siamlmg wave. 

ExutirrE: Thc Ira^ling wave i% yix, j) ■ (2.30 mmícoMfo.^S iad mjr i * |742 radi» 
A * 130 mm ■> A m ■ 4.60 mm: k ■ nd m and ai ■ 742 radV* 
The general cquation for a %tanding im is Hí» r) -<*^ #1 »inír)iincrf* so 

I) = (4.60 mm)*¡o{(6.9* rad mlx)nn([742 rad 
(h> locMirt andSKF Vvz Comrxirc the wavelenifth to (he length of the rope tn order u> Hlentily ihc harmonic. 
ExcCirrE: L ■ 1.35 m (from Lxercüc 15.24) 
^2r/UWm 
Lm3íX/2l HKhi* iiíhe 3rd harmonic 



IM4 Chaptrr 15 



<t>Forlhh3rdrorrn0nic, / -/j 2-t- ! IX 11/ 

f, *lf, %o / 4 = i L i > 1 ■ 39J 11/ 

Al t ate: Htc wavclcngih and frct|ucncy of thc rtandim* wavc cujual* ihe wivclcngih and frcqucncy of thc hw 
travcting wavcs that combine tu lorm ihc ttanding »avc. Th? nth harmonic ha* n nodc*to*nocfc scgmcnt* and ihc 
n»dc-u> nodc dniojKc is Á\2+ *o ihc rclalion bctwccn L and ^ for thcith harmonic ¡* ¿=¿1(^2). 

15.44. iDEYnrv: v = JfTJí . \ - ? 'J. lh- itanding '.vjv^í nave « avrlcngth* ^ - — — and frctiucncics £ - - Thc 

ii 

si^jHÍmg wave on thc string and ibc «ound wave it produces nave thc urtte rreojueney. 
SKF UP: For thc fundamental n ■ I and for thc sccond overtouc w = 3 . Thc *irmtí ha* 
p = m'¿=|R.75xlO fc Icgi 'lO 750 mi = 1 17x10 : k#m 

Fui t ii : (a) =21/3 -2(0.750 m)í3 = 0.500 m. Thc ¿oundwavc hai Ircqucncy 

f ■UBxltf Ifr. Forwavcion ihcsrring, 

l 3.35*I0 J m 

v- - \\i\y y. 10* ll*)(050Ü m) = 5.15x10* m*. The tensión in thc siring i* 
fajrY 1 =(1.17x10* k^lDMS.lSxiO* ra»)* = 3.10x10* J4\ 
M^/^'^ll 1 Ib1í3 = 3«xl0 l Hat. 

EVALUATE: Thc waw on thc stang have a much longcr w*vclcm»th than ihc sound ttaves in thc air bccan.se ihc 
speed of thc waves vn ibc string w much greater (han thc speed of sound in air. 

15.45. iDCvnFY and Ser l"P: U*cmcmlbrrn¡iikingi>cnjboutthc A 4 r»letollndlbew^*|wcAthaldcpa»d*onthc 
linear nota úensiry of thc strmg and ibc icnsba Thc wra speed aflected by thc pbccmcnl of ihc fingen oci Ibc 
bridge. Thcn lind thc wiwlcn$ih for ihc D s nolc and reble ihi* to thc length of thc vibraiing portion of thc srnflg, 
EXf.CtTt: (u) / -4401b whcnakngth L = 0.6O0 m víbrate»: use ihi* inlbrnution tocakulatc thc speed v 
of on thc srnng. For thc fonda mcnial A 2-L %o A-2L- 2(0.600 m) ■ 1*30 ra Thcn 

y=/¿ = f440IUh'l20rni = 52Hrn.i T Now find thc kngth L-x of ibc »tnng thal irakt* 58711/. 

_ y 52%iof% 

Á~ — = =0.900 m 

/ 5H7II/ 

¿«A'2^0450: i m> « = 0.450 ni = 45 0 en 

(b) Norduntnc mean» wmc «"ave ipeed a* in pan lai Find ihc Icngth ofvibraúngstnng needed to pmduec 
/»392 Hx. 

_ ¥ 528 nv* . _ _ 

^ «— -1J5 m 

/ 39211/ 

1*^/2 = 0.675 m; xtrmg i% thoncr tbon thu. N«. not poisiblc. 

E\ AJ I AFt: Shoricning thc Icngth of this v ihrating «iring incrcan thc frequeney ofthe fundamental 

Snns v M =K % *ínfaW.fl M *K (( «iiW- 

I \n i n : (»H0x-4 111 nodc f ond there ti no mobon- (it) t-A h an antinodc. and v <n = Af2mf)*2MfA , 



« (2^/>^ m*M*J*A . <iü) co*^- = «nd ihi* factor multipltc% ihe reailu of (¡i)* « ^ = JLrpi , 
IbíThcamphtudeU 2.-)«nAr. or (i) 0. (íií) 2A¡Jl. 

(e>Tbc time bciuvcnlhc extremes of ibc nxii»on isihe ume forany point on thc slring (alihough ibc period of thc 
rxro motion al a nodc might bcconstttocd indcterminaic) Mid \% \/2f. 

¥.\ Al t \rt; Any point ut a siandinu wave movet m SNM. A 11 pointi move niin thc sime rrequeney bul have 



15.47. IdesTifY: For thc mrtdamcnial* /,=——. r = *JF/jj . A xlanding wave on a siring uith frcqucnc^ h / produces a 

sound uave inot also ha* rrequeney t 

SU i y t, = 245 11/ . £ =0.635 m . 

ExcCirTE: (■) v=2/¿ = 2(245 lbX0.635m) = 31l m/*. 
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ih) Thc írcqueixy of ihc fundammUl modc i* proportional (o ibcfpecd and henee lo Ihc *quarc roo! oí thc tensión; 
(245ll/rJTo¡-24oli*. 

Jet Thc i . y irillbc ihc uhk. 245 It/.Tbe wavclcngih uill be x», - t* -P // -(£44m/¡0/4245H/)=1.40m. 

whkh u larcer than ib: watctcngih of ¡tianding wave mi thc tfringby a factor of thc niiioof thc speeds* 
EVAUMIE: IncrcaMng thc tertaon ¡ncrcasci thc wave *pccd and th» in tum lacrease* (he frcqucncici of Ihc 
sijmlmu wavcv The wavclctigth o f caen normal modc dependa only un ihc length of ihc vtiinc and docort elunce 
when ihc icmion changes. 

15.48. Id*-viify: lite cndi of Ihc rtick are fice* mi thcy mu*i be displdccmcnt antino&v The firtl harmonic ha* onc 
nudc* al ihe ccnicr of thc *iick, and caeh *ucccíttivc harmonic add* onc rinde . 

Sur Up; Tbe nodc to nodc and anlinodc to anunodc disten ce ú ¿/2. 

EXECUfE; Thc ¿tanding wave paricm* for ihc fin* thrrc harmonic* are *h<m , n in Fieurc 15,48 
I 4 hamiooie: £--i¿ > i ^ 2t -4.0 ra , 2" taimóme: l«14-4^1-Ui. 

3 M haroonic: £ = ¿A ^ = ^£ »lJ3m. 
EVALUATE: Thc bigbcr rhe harmonic (he ihoricr thc ivavclcngth* 

Figure I5v*8 

15.49. iDEVnn ' and &T l"P: Calcúlale w iv. and i from 15.1^(15.5), and(IS.Ó). Then apply E^nS.7,toobtarn 
/U 150*10 1 m< ¿l-LSOm. v-3ó,0iu* 

Encirm (■)*■■ /I «o f r (36.0 mfc) : KOra :ooii/ 

m*lxf m lv(2a0 Ib) - 126 rad* 

A ■ 2*¿1 : 7 : ... ! m i.. X49 rad 'm 

ih) Tora wave traveling lo rhe ríght, y{x+ i) ■ /íco*(fa - mí). Thivequatíon gíves Ihai (he x -0 end of ihc 
hai máximum ugmiini duplaccmcni Jt / - 0 

Pul m ihe numben: yix, />-(2,50*i0 rn|coa(43.49 radmlv- 1126 rad^V)- 

(c) Thc leí. hand end b localed al x«0. Pul (hit valué mío ihc ctruaiionof pan (b): 

(d) Pui v-IJ5m inio ihe cquaiion of pin (bjr 
><I.J5iii,/> = (2.S0*10 '* m>CM((¿49 ndm)(l JS mi-i]26 rad E »)#). 
><1J5 nv .*) (- .><i - H* mKimJ 71 rad>-<l2ó rad%V 

4.7lnd-Xr 1 2 and co40) - co*(-0t. «o ><I3S m, f) =<2Mx|n m)coH(l26 rad'*)f - 3^/2 rad> 
<<> > - JcMfa»iw) <1part b» 

The (ransvene velocíry U gi^en by 9. mZm A^-cw(kx -ú*}- + A<oan(kx -aMl 

& di 

The máximum v 4 i* i. / iMO^IO 1 mt|l26rad«>-0J15ms. 

<h i ■ n ■ : ' ■ ■ i" ih. -mi : r..i .-. . . ,:"., L - ■ , 
í «0.0625* and I-1J5» $tvt* 

\ *: 5ír«li> m|coM<3 + 49radmHi'35mt-(126 ndsH00625 *))- -2.50x10 1 m. 

- + .f/»in<¿\ -mr)- -iCi.315 n^nn((349ndtntr-(126radikl 
rs<L0625* and t-IJ5m grt^i 
v, =<0.3l5rft*i*W<3«ri^ 

EvaUtaTE: The remlu ojpin if i Uluimtcihai v t - (* when y = ±A, a» wc »aw from SHM ínChaptcr li 

15.50. iDEA'nrv: Compare >n.i)given m thc problem to thc general formjpvcn inLq.i l5.hi. 
SkfLip: Tne compamun giw j-0?50cm* * -0.400t radem and ™ - 2M\? ud \ t 
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EXEtlíTE: W A - i — " líh. - n j,,^^ -5,Wcm, /-125Hz, r 000*00 * And 
(b>Thc sketchc* <rf thc *hape <rf thc rejc al carfi time are giwo ¡n Figure 15 + 5ü + 

|í) Ti> iuv with a «avcfraai a» t increa», r dccre*tc* ind to ihc wave i* nxmng in ibe -i -direction. 
(d) I ron l l i; ■' ; 'i ii .■ i i - <0 + S0 ko/m> <6 + 25 m/*l J - 1^-5 N . 

EVALUATE: lite argunmlof thc croinc is (i.v + íhí > loí ;j wjvc irjvclmtj m iYk - y dirctiiun * and (luí is thc c 
here. 




i fon 




* aaoiOi 




Fijare 15.50 

15.51. lot-Mui: Thc *pccd in cach icgmc til u i r - ^Fftt- Thc time lo travcl thiougn a tegment i& i ■ Uv 
L'P: Thc inivcl lime* lor cach *cgmcnt are f, ■ £ J— . í ■ t ^^r-* aod r - ' j J— r 



+2 



EXFXl'TE Adding Ibc l nivel limci gira i w ■ ¿yy 
(h) Nix Thc ^pred in a **gmcnt dependa only c*i Fand p for Huí segmenl 

EVAUAf E: Thc wjvc *nccd u greater and n* travcl lime tmallcr »hcn thc mau per unii lcngth»f thc *cumcnt 
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IU2. 



[Dt.\ iifv: Appty V r -O lo fiod thc tensión m cach wire Uní v- ^Fí/i lo calcúlale the waw «peed fot 
Aire oml then í ■ Jl*v i* thc lime fot cach pulse lo rcach ihe ccilinu, where L ■ 1,25 m . 



SKF l>: Toe wVcshavc = _ 



2.50 N 



■ 0 tu m . Tne frecbody diagram Ibr ibc beam » 



m.V Kl 25 mi 

given ¡n Figure 15 52 Taie Ibe axü tobe al ihe end oí ihc beamnhere wíre A ¡s aitachcd 
Exiti'ft: -Ogiw* ri¿-w*I.3)Md r 4 i* J-S83N. r^r t al750N # M 7\ = I167N. 

£5 



1.25 m 



" 75.6 nv* 
Al«f. -I -6.9 ira. 



583 N 



UN Um 



-5* 5 ni a 



^ 53,5 mi - - 

EvaUiafe: Thc wave pulse trawU faslcr in wue A. sínee that vrire has ibe greater icrtiion 

S 



15.53. iDEvnrv and m;f L p: Thc tramverse 
C\j;c i Fti (u> yix t J) = Aconte- 1&) 

■ 2ff/f 



Pitan 15JJ 
irf a pomt oí roe rope ¡s & c^rfV 
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<l>)Todoubk r ^ ¡ncrcascFbya 

EVAUiaTE: Incrcasíng thc tensión increasc* ihe wave specd r tvhich in turo mercases the osciltotion írequenev 
With the amplitud? hekl lixed, incrcasing the number of oscillationi per second ¡ncrcosei thc transverse vclociiy* 
15.54. Idj Min : Thc máximum vertical accclcration miui be al Icast g. 

Mil- a^~oTA 

\ \a ' n i.Jihu*4 M =g' aT. Using a» = 2í / * IWi and v - >i . Ibis become* A M ^' ^ 

EVALUATE: Whcn the omplitudc oí thc moltoo ¡aereases, the máximum accclcration oía point on the ropc 



15.55. lot-vnn andSfcrL'P: Use Caí 15 I lamí i»-1t/ lorcpUcct by a> in Cq 1 15 I J> Compare th» couaiion leí 



af - ¡ m (rom Chaptcr 1 i lo deduce k . 

I \m i i>: <at /'J-2.T/. f*vfA* and i-^iV'/í Thcse cquotions combine to gíve 

Huí abo a» - tffTaL Hcfialing ihcse expresiions (br a< gives 4* = M(2ffVA)'(^ r ^) 
Bul «r-/# At w Vw&M&tíAfF 

(b) E vamate: Thc 'Torce eonsiant" í" is índepeodent oíthe ampliludc .4 and masi per unil Icngih tt< jusi as is 
thc case fot a simple harmon»: oscillaior. Thc forcé eonstant is proportionat lo Ihc letuioo in Ibe strimt F &ná 
m\"crscly proporiKinaJ lo thc wavclcogih ¡L The tensión supplks the restoring fbrec and thc l/A 1 factor represcnis 
Ihc dcpcndcncc oíihc rctiormu Ibrve on ihc cun ature of thc siring. 
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15.56. Ideviwv: Apply r - 0 lo onc post and calcúlale ihc tención in thc wirc. v~tjF*p for waves on thc wirc. 

v - / /. . Tlv *undiii£ wuve *m ibc »irc and thc tound it producen have thc same Ircqucncv l'or itanding vtave* on 



rhcwirc. X =— . 
■ a 

Si i I r: Fot thc 7* ovcrlonc. a =8. Thc wirc hai /i = m/I = (G\7J2 kg) 1(5.00 m) - Ü.I46 kgm . Thc frec-bodv 

magram Ibr onc oribe posts is given ui Figure 15.56. Forte* 4t Ibc pivoi aren'l ¿hown \Vc takc thc rolalion axii id 
be al ib: prvot, so Ibrces at Ihc ptvot produce no lorquc. 

EXECl n : Yr. - 0$ixcs h|£co*57.0* |-r(Isin57.0*i = 0. T- 235 N Q s763 N. Fot 



nnvn un 



,2 / 2ian570' 2lan57.0 

Ibc wirc. v = [ — - J - 22,9 mis . Fot thc 7* overtone srandóig wave on thc wirc. 

Y/r U0J46kg>m 



1L 2(5.00 m> r 22.9 m i 

Ám — -=125 m. /■.— ^IStJ Hz.Tbesoundwavcsbavcfrccwncy Ib and 

H « J X 1.25m ^ 7 

wavckngth X - m 

EVALUATE: Thc ftequeney of thc sound wave i* at thc towcr linuí of audible freouencie*. Thc wavclcngih of ihc 
tijndxng wave on thc wirc is much le** Iban thc wavcleriglh of thc son mi wave*. because thc «peed of thc waveson 
ihc wirc i* much leu iban thc speed of sound inair. 

T 



niara 

15.57. Ideviify: Thr magniiudc of ihc iransvcrsc vctoeity ¡s rclaicd to thc slopc of ihc r versusr curve. Thc 
acceleration n rclaicd lo ibc cunarme of ihc graph. to ihc me al whích thc slopc ischanging. 

Skf Up: tfy incrcases as t ¡ncrcaáci* v i* pos¡bvc> i/ ha* ibc turne siga a» v íf thc transverse speed ¡* 

increasing. 

Em;ci ff.; (a) and (b) ( 1 1; Thc curve afincar* lo be boraxmtaU and v =0 . As thc wave move*. thc point will 
bcgin lo move downward. and a t < 0 . (2); Ai thc wave movei in thc -+t *direct¡on. Ihc partiele will move uprard 
so \\ >0 . The portion of thc curve lo thc leO of thc poinl iiitccper, %o a >0 . (5i Thc poinl ii nwving down, and 
wül i necease ib jficcd as ihc wave moves: v <0, j. <0 . (4) The curve apocar* to be horíronlat* and v =0. As 
thc wave move*. ibc point will meA + e away from ihc T-avii, and a f >0, (5) Thc point is nwing downwaruV and 
wül mercase irs speed as ihc wa^ moves; v f <0, a t <0 . (6>The panklc a moving upn h ard. but Ihc cune ihai 
rcpments thc nave appears to ha>e no cur^ature, to v ( >0 and a t = 0 . 

(c) Thc accclcratlons, which are rclatcd to thc curvarures, will notchange. Thc transverse velociiies will all chance 
sipL 

EVALUATE: At poinrs 1 . 3, and 5 thc graph has negative curvaturc and a <0 At points 2 and 4 ihc graph has 
posimv cur>uturc and tr r 

15.58. lofAiuv: Thc lime it lakes thc wave to tra\el a anen dt*iancc ísdetemuned by ihc wave speed t r . A point on 
thc srring ira\els a dblance 4.4 in lime ¡ 

Srrur: v-fx. r*i//. 

d 4 S.00 m 

EXECims (u) The wave travcli a borizonlal rfiftance Jiña time i - — ■ =0.31-^ *. 

v kf |0.600m)(40.0il/l 
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(h) A poinlon ihc srring i**íll ira ve I a vcHka.1 distance of 4A cach cve le + AUhough thc tron* verse veloctly * ( \.¡ \ 
is not constanL a distance oí ft - 8 + 00 m corre *r»ondN lo a wbtilc number ofende*, 

/: -/f/|Jl) -|SOO mi. E4t5.OOx |o ' rn)| = 40Ü É «o thc aimmni of liméis* - |4ffl». 1 (4D0 I0.O i 

Evaii afk: <c) Thc time ín part (a) w inckpcndcni of amplitud? but Ihc time ín pirt ib) depend* on ihc ampUiudc 
of thc wjvc. Iot ibi* thc time u halvcd if ihc araplilude ú douhfed* 
15.59. Ide-MifY: y*ix t y)+ z w {x t y) - ^* , Thc trajcciory b a cítele of radhi* J 
SETUP: Mft/A, d ^/ft,^.^/» 

I- m m m : At i = 0, ><0,0) = ¿ r1IX0> = 0< Al i = */2o». >iU«/2w> ■ ■>. ¿*0.t/2ai) = -¿ - 

Al t = >t<U/*0 = rlO.A/tfft * a Al f ^ rfO\ Jx/2a«) =ft i<a Jjt/2»> * ¿ The tajeclory and 

these points are iketched Ín Figure 15.59. 

r-v ( y+ v^¿- Jd(*ÍfHtT-»j/-coj< < tr-Aí)Í| . v-^vf**í & Jiv M>the*pccd isconxuni 
r r - 0. *hi i* ¡s lanucnt to thc circular paih* 

Ul ff f . / r « * Avco^At - at!, tí =i\Jcs - -Av 5 un(ir - mt> 

t é~ta . s .l^ o - IMI anda ta opposite ín direction to F¡ a w ndially inuard. For these >(t. Oandrl*, 'X 
y J + z í »¿\»lhcp*th isagain circular, but ir* porticlc roíate* in thc opposiic tense compared lo pon U). 
Al t Alt: Thc wave propugafci Ín the * + Y*urect¡on + Thc ditplaccmcni i* transverse* so i* and a lie in ihc ra* 



f - nto 




15.60. ipfAiin: Hic wuvclcngifa of ihe sunding nva on thc wirc are given by x, - — . When ibc hall » changcd 

flhc irire change* A/--í^, 

Skf Lip: For thc third tarmoiiK. ji — 3 . Fot coppcr. ^ = llxlff* Pa . The wirc has cron-wctional aren 
yla^^^O.512-10 1 oil' -8.24*10 ' m J 

EXECirTE: M^-^-y^.OJOOm 

(b) The inerease in length when the 10O.O N boíl if repbccd b> the 500.0 N hall U given b> Sí - * " " lir - 

AF - 400.0 N ís ihc inerease Ín Ibe fcecc applicd to ihe end ofthe wíre. 

Af- (W*r)NXl»-üm) -5 30^10 1 m . The ehange in i*avelcngib \% SÁ ~ÍóJ~3,5 mrn . 

(824x10 m ^llxliy 1 Pa) ^ * 

EVALUATE: Thc change in tensión changes ihc wuve «peed and ihal Ín turo chances the rVcquctKV ofineitanding 
uave. but ihc probkm onlv about ihc i*avelcnglh + 



IM* Chaptrr 15 



15.61. iDfAiin: Folio* thc proccdurc ipeciftcd in put ib) 

Sef Un If m - *-it , ibm — - -v «id — - L 

di ex 

ExiXl :fí : (u) A» lime goc* on t wimconc imiving wrth ib? wave would need lo move in luch a wav thai ihe 
appcan lo nave ihc «ame *hapc. IT thi* moiion can be dcscrihrd by x - vr +b, with b a cantianL then 
rt*.!) - /(A}, and ihc wavcfbrm i* ihc wmc ip Mich an ob*ervcr. 

<b) |^-"^¿r f^""^^"* w - /(x - >f ) b ■ ftotutioo to thc wave cquiuon wrth wnve *peed v 

¡o L iiof the forro >X-M)« /(uX wmu and /(«I - A I he re wl . ■ .i ¡-'i b ■ ■ na) be 

to determine ihe speed v-C/B. 

EVALUATE: Thc wave in part ici itwtt in the ^-.i-direetion. Tbcipccd ofinc wnvc ¡* ¡ndependent oflbc 
con*lant D. 

15.62. lofcvmv: Thc phaic angle dclcrminci (he valueofrlbr x»0, f "0 bul doc* not affcci the shanc «f the 

i ' . ' i vcrai* ton 



rJooritr— +41 
Sn Hp: 1 — ■ -Ai*¡n(tY - <w * ¿) . 

EXí.CiTr : (n> Tbe graphi for caen ¿ are ikctched ¡n Figure 15.62. 

(b> ^--wJiin(<b-A*»eí) 

íc) No ^ - t/4 or t> - Ít-'4 u«uld both ene A¡^2 . If ibe patríele i* known lo be rooving downward. the rebutí 
ai p«t |b>ihoi** ihai eo*4*<(K and io e*- 3^/4. 

[di To idcniify ^ uniqucly» thc quadram in whichai lie* mu«l be known* In phy*¡cal termv Ibe «igra of both thc 
po&ition and vcluoiy* and the maunitudc of cither* are ncccsiary to detenninc c* (wiihín additive múltiple* of 2x i, 
EVALUATE: Thcphaie o * 0 corrapondi lo y-^at r-0. i -0 . 




Fiíure 15*2 

15.63. Idcttifi 4jhIS»;fL"p: U*e Eq,( 15. IJ) lo rephee and Ihen C^X15.6) lo rcplace * 
EXIcn-t: (u>Eq.(ISJ5): P„=$J¿FJa 1 

tmjFTfi vxy% $*0t+ so £ * i(jF/v)#«\tf* -tF^/v 

m~2xf m urv*2*ffY*2xfA*k »d a^n. ■ ; » i*a» lo be ihowo. 
<b)lDCVnn': Forthe ^ dependence. uic l.p 15.25» since il im»Kv*Juit mu i 
Sertts í,, /fMwlcooiiantso JP» 1 UeocuunLand fi><*! * JF¡*Í . 

ítf mufci be changed by a faclor of (dcercaicd) 

Idk\iui: Fot ihe A dependettec, u*e (be cqwtion den ved in p*rt (aK —^FktoA* 
Ski Vvi If /*. and A areettmuni then Fkw routt be con\iant. and f'"k.ft\ - FJc&h. 
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EXECltTE: k¡ 



A muit be changed b> a ta» ofl V - jS <dtraa*«l). 

KVAUUTBl Po*<r is the inmwe focee time* ihe iransven* vcbcity To keep 1^ eonsiani the transvene 
vdooty musí be decreaNcd unen F b incwjwcd. and Ihb b done by decreiting at. 
15.64. loivrifY: Tbc «uve move* in ihe r.vdirecl>on with ¿peed i\ *o \o obtain rfx*f) replace x i**ilh í-uinthe 

Ur: Au) i* gira by Eq.(l5.2]). 
EXECtrTE: (n| The waw nulic « *ketchcd ¡n figure 15.64. 



KM) 



0 for U - >f ) <-I 

*(£ + :r-M)/£ Bar -£<r>-vr)<0 
+ for 0<(x-w)<£ 

fO for (x-ir)>¿ 

[c)From Eq.(l5.2l): 

-F<QH0> = 0 



íbr U-rt)<-L 
-f(A/lK-*W£) = fWA'i) 1 for -1<(*-«0<O 
-fí-n/LKAv/IJ-fHA/l)' for 0<(x-w)<£ 
-F<ÜH*>i s *> for (*-«)>£ 

Thut the in*iantaneou* poner b zeroexcepe for -L<t*-rt)<£, where it ha* thccoroiant valué /i-iA//_r. 
Evaixafk: foc ihb puUe (he tran*vcr*e velocily U cotuiant in rnagnítude and ha* oppo&iic wgn on eithcr 
of the peak ofihe pulse. 




ni terms oíYand >. 



— L ¿ 
Figure ÍSM 

15.65. loevtin andScr L'p: Tbe ¿verage ptmer b uncii b> I q i 15.25). Rewrite thb 
. i ■ nUce of F jmd M 

Execi tk; (a> -^J/ÍF&A* 

U«ng ibese two exr*ewioi* lo rtpbce Jf and ta give* P M - 2px l \*A l fA*\ ft - |6.0Gx 10 1 kgKK M rn) 

H*)EvAUiAT£: /*, - v ftodouMmgt mácate /*. by a faelor of8. 
■ 8(50-0 W)- 400.0 W 

15.66. lofcvnrv: : -.r.i ihe graph* «pecified ¡n pon (a). 

Síi l.p: W'hen vi v*M is a máximum, the *k>pe fcfdx b/ero. The xlonc ha* máximum magmtude »hcn 

Y.Wi i lí : (a) The graph b iketebed in Figure 15.66a. 

<b) The powcr b a máximum where the dUptaccmertl » a^- and Ihe power ti a mínimum of zero wHcn the 

u a máximum. 
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(c) The c :iltlv flou ii ahvays iti thc «ame directíon. 

(d| In thiscase, ^ J h ni * . . i : ' :: 1 becomt - Pi ■ ■ Fk&A'án^fac + óÉy Thepowcr n 

ncuaiive (cncrey flows in ihc -vt-direction K but thc qualiiatívc retalian* of parí (h\ are uncrunged* Thc graph 
sketched in Figure 15.66b 

EVAUiaTE: co*Omiú *¡n0are 1X0" «ul itjphatc. so for iived í + máximum y correspond* lo 2cro/*imd 
y ■ 0 corre w>ood* to mavimum A 





Pifan 15.66 

15.6?. Id*-vivm jtjJ SfF L'p; v - J/*'/i . Thc cocfitcicnt of linear expansión a i* defined by Aí - A/'. Tbis can 



be combincd with > - 



FA 



¡o g¡ve AF ■ -J'CTníAr Ibr thc chance in temson when ihe tempsalurc chinuc* bv 



AT. Combine ihc lwo cquations and solve íbr «. 
E\t.c t rt : i>, - jF*ft+ vf = F*> and F~ftv( 

Thc lengih and henee fi stay thc same huí thc tensión decrcases by SF - - r« H AT. 

v. = Ai» = J<F - Ya A A7>'« 

|j - fl¡p~ Ya A AIÍ> = *f - Kfl^ ATV/r 

And ií-mfL so /i 1 i/ - .4¿>m - I^W - ifyr (/) ¡* ihe cross-scctíonal arca of Ihe ttirc* f'¡s Ihc volumeof a 



IcngihrUThus if-Ws «IK AJV> and «- 



r -i 



EVALUATE: Wfccn f mercases thc tensión decrcasra and v decrcases. 
! Idfa iu\ : Thc lime bctxvccn posítiom I and 5 ¡* cqual to J72. v=fÁ. Thc velociry of pointson ihc string is 

givcnby Eq^jS.9). 

SEF L'P; Four flashes oceur from position 1 lo posrlion 5, so thc elapsed time ü 4^^LLj = 0Q4R % . The figure 

in thc problcm shows that Á - L - 0 500 m ► At point P Ihe amplilude of rae standing waxc vt 1 .5 crn. 
ExKCi n : (a) 772 = 0.048 s and 7" - 0.096 x. f = I/T = 10.4 11/ Á =0.500 m . 

ih) Thc fundamcnial standing waw ha* nodes at each end and no nodei m beiwccn* Tnis «tanding wa\c has one 
addiiHHU.1 nodc. Tbis is ibc I* 1 ovenone and 2*' barmonic. 
(o v- f¿-[XQA lt/MO + 500mU5.20 mi*. 

(d) In posiUtrn U point /* is al ils máximum dnplacemcni and ils tpced is xen>. In posítíon }, poinl /' is pasutig 
through lis equihbnum poulton and iuspeed is r M ■ mA * 2m/4 * 2*QM ll/mHH5 m)- 09S3 m.s, 

{F ÍFL FL (L00NX0.500m) ___ 
(c) vm I — - I — and fff =— r - , -iX.Sg. 

EVAlirATE: Thc «tanding wave es produced by traveling ^uvci movíng in opposilc directíons. Lach point on Ihc 
srrtng movex in SJIM. and ibc amplilude ofihis mousm varies wiih posiiwn along thc siring. 
15.69. Iof.n nn jjh! S#;f L'p: Thcrc is a nodc at thc pon and iberc imist be a node al ihc clothc%pin. Thcrc could be 

addiikinal nodcs in bctwecn. The dislance betucen adjacent nodcs is A f 2. so ihe drsUnce bctwccn anv two nodcs 
i* f;lÁ 2í for n - L 2, 3,... Tbis must cqual 45.0 cm t since thcrc are noócs al ibe posl and clothc«pm + l."*c this in 
1^(15 1 1 lo get ancxprc?u*(m for thc posible frequeneves f. 

I vmui: 45.0cro = «U/2X l » v// ( so cm))* (0JD0 ll/K « = U2,3,... 

EVAUiaFF:: Higher frcaucncics ha\e smalkr u avekngths. so more nodc lo node segmenls fit between thc posl 
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15.70. lof-N llM: Thc ditplaecmcni of thc strim? al any poinl i* }\XA)-{^ K *m£i)*inraf- Por thc fundamental modc 
A - 21. soat thc rnidpoint of ibc itring linfa - iinl2<T;iH¿:-i ■ 1 É and y - . l hV Unrar. Tbc trjm\ erve vcbcitv i* 
v t -¿y V*iand thc trarocvcric accelcration i» a p -rS; >íJ. 

♦ * ■ * 

Siif L'p: Taking dcmaüvc* gives v f s^-ai^ co*aV , with máximum vahic \\ h _. ■ 0*4* * ¡md 
tf f c . ■ .i , unan i wíth máximum valué d t = - 

i \m y m : A» = tí fc /v ^=<S.40*IÜ* m/*ViJ.SÜ m/*)-2.2l*IQ' rad/i .and tben 
^ /«-I**» m>)/<2.2l* 10* iad/*)= 1.72x10° m. 

<b> . ■ >::.tfo^2.T>-¿«*Ar -i0..tSf> m>«2 2l-*Ki rod/*»-272 a/i. 

EVALUaTE: Thc máximum traimcrsc vcktcity and accckration vvill Have different (imallcr) vakic* al oihcr 
poiuti on thc ftlnng, 

15.71. lD£vnn: To show thix rclationsbip ¡* valid Ukc Ibc sccond lime derívafive. 
Sirl.p; — *m (¿M ■ coi . — eo%<rf - -^tsmf¡M . 

BOCUn (■> -^^^_|K u smta,*in^^ 

V * ' 1 - -m |i | a «nlpun/^] - -fi'.n..') . T Ti i\ u.m.<. ■ > ■ - i ■ . ■ r a ■ —afy . Thb h charactcnsnc of 
limpie harmonic moinmi caen parí ki le of thc ¿trine rnoves in ¿imple baxmonR? moliorv 

(b) Yes» Ib: iravelmu wave » abo a soluiion oí th« equatxm Wbcn a irnng carne* a Iravcting wave cach point oci 
thc xlring moves in ximpie harmonic motion 

EvaIaiaTE: A itandmg wa*c ¡i Ibc supcrnosiikin of two Iravcting ivavcs. so ¡t i* nol lurprising thal fbrbolh 
types of iauvc* thc particieson thc ilring move in 5HM. 

15.72. loEvnrv and S#;r L'p: Carry tmi thc analysis ipcciñcd in thc problcm. 

EmíCite; (a) Thc uü>c moving to ihc lefl ¡s invcrlcd and rcflccicd; thc rcllcction mcam thal thc wave moving 
to thc le A i* ibc same funciton of -a; and thc inversión mean* ibat thc funclion ta -/[ - v » 

(h)Thcuavc that i* ihcsumis /(x) -/(-*) (an inhcrcntly odd lunelionK and for any /",/tOj - /M>l =0. 

(c) Thc wave ú> rcUcctcd hut ool invcrlcd (ice thc di&cuvuon in part (a) abovcK *o ibc wave moving lo Ibc lefí in 
Figure 15.21 in Ibc lexibook b *f <-x). 

dx dx dx <i< rf(-i) dx dx dx 

Al j ■ 0 , thc icnrec are thc ume and thc derivative i% /cm. 
EvaJaiaTE: Our remití \crify tbebehavior «houn in I'iíuiv* 15.20 and 15.21 in thc tcvihook. 

15.73. lotviu^; Carry out Ibc dcrivalion ai done in Ihc lexl for Eq.(l5.2£). The trannene velocily b v-dyifo aod 

thc tran*vcrw accekmion u a sftWft. 

(a) Str Up: Tor rerlcclion frorn a rrec end of a Miine thc rcflcctcd wave w ntri invened, %o 

X/x.O-JnimT^aO (rra^hngloibcleft) 
yja:, i) = AwMkx-aty (traveling lo Ibc ríghl) 
Thui >xa ( 0 & ^eoa(Ax*«r)te«(ta-^)). 

ExiXtTE: AprJy thc trig idcntiiy cosfd £b) - cot(tcotb+ ñnasinb wilh a-kx and 6 - 

ci»i£t-< tex i .■ - ■ , i ■ ■ . .' . i - and 

coai¿x-Évr)*coi¿Teo»vr **in£v*inA*. 

Then vji. i) = <2^co*4tr>ecnc iibcothcrtwoiermicanccli 

{b) For t - Qv eiwív - I and ytx. tt - 2 A cu* ti*. Tbc amptiludc of Ibc nmpfe harmonie rnotion at r -0 i^. 2.1. 
w h h»ch ú thc máximum for Ihi* «landrng wave. 10 x-0 iian antinodc, 
W/^-W fromparub). 



' - — - — Ii2 Jcimáa icowr4|- 2A<xt*kx -2Jffíeo*ívMníMf 
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AI *-0. Wj ■ -2Amw\*M and (vJ M ~2A<a 
At x~Q t a r --2,Wccha* and ¡.. ■ = 2^W. 

EvaUiaTE: Thc exnrcxxioni for OvW and t>,) M ore thc same a* at (he aminodex fot the slanding wa>e of a 

*inng fixcd at bolh endv 
15.74. IDEVTIFY: The Manding wave ix given by fcq.O 5 2St 

mi l f At ¡m aniinode, *in£< - 1 . i* f >a) - foA . ff f M - ü^A . 

I- \m i m : (■> ¿-v// = (l910 ii^M:¿íMH[/i-(i M)()ni.andihf «jvcan^htuJc :^ i, -0 + 400cro i:*.' 
amptitudc of thc moinn at thc given poinix ix 

(Q jO-iin:uKii«n(.T| - Dunixfc* un (0.400 cm\ *ío( xfl \ ~ 0 400 era luí ai*inocfc> 
■ i. ■ 1 1' 11 ■. n . --i, i r/4) 0.2H3 ero 
ib) Thc time whalfoflhc pcrwd orl/<2/>-2JW*lO 

(c| In cach caxc* thc máximum >ek>eity ¡x ibc ampliiudc mumpliid by ■ 2r/ and Ihc máximum acccleration i* 
thc amplitudc mukipUcd by t¿ - 4g' m 'f : : 

(1)0,0: (Ü)6AJ ki/V 9,10-10' m/V; (i«)4.27 m/i, 6.43 *10* m/V . 

EVALUATE: Thc amplitudc, máximum tranxvcr*c vclocily, and máximum Irán* verse accclcraiion vary along ibe 
leofftfaof thc sinng. Bul ihc penodoí the simple hamumic motionof runiclct of thc tirina « thc xamcat a)l poini* 



on thc *lrtng< 

15.75. IDCVTIFY: The ■ .. i;> .i . wivc frequenciex are given by /, - ff^— — .J . v—^Ffft . Ufe the denxity i>f sted lo 
< afc ubte tí fot ihc wirc. 

Skf L t p: ForsiccL p- 7.H* 10* kgW* l'or thc futí uvetlone xiaudint; wave. a-2. 

ExtCVTtz ■ li— : - : ; ^ mH31 1 H/)-l7L m*i . Thc volunte of Ihe vnre \% V - {xr : \L . m b ¿rf' » 

¿i-^íí-^^w/- 3 sfUxIO^ k^m^^íaSTxlO *m)* = 7.96* 10 1 kij'ro Inc lension ii 

= -<7.96*I0 1 ItgmKPlmi 1 *^ -233N\ 
Eyaix afu: Ihc tenaon ¡x nol laigc cnough to cause much chance m tengthof thc wíre. 

v 

15.76. |pt-Vim: The tusAt and bfvaLin^ ttfc**. deicrmine ihc Icnuth and radium or<hc*iring, .with v - / — , 

21 V 

SKTDR Thcicmiletíre«ix F;*^. 

EXECITE: (■> The brcaking itrex* ix -í— - T.o« 10' N/m and thc máximum tenxion U F - 900 N. w s>Uing 

Ibrr gtvcx thc tiúnimum radium r ■ f ^00 N - 6.4 * 10 ' ni Thc man and óetialy are üxed. 

l|x<7J)xHr N;m | 

p = *^ %o Ihe mínimum mdiux piv ex thc máximum lengih 

M 4.0x10 1 leg 

1- — = 3 ■ 2 1 0.40 m. 

xr*p vrt6.4*IO' mr(7800 kft/m 1 ) 

(h) Thc mndamenlal frequeney n /, - "ry^~ ~ TT^^T^X ~ ^^TTF * • h ^™ m ' n S ,nc máximum Icngtfi oflbe 
xlring íx frec lo vi trote, Ihc highct i lundamenlal frequeney oceurx when /"■' - 900 N and 

^O-IO* kgHO.40 m> 

EvaLITaTE: If thc radiux wax any xmallei the brcafcmg xlrc^x «xiuld be excccdcd If thc radiux «vrc grealcr xo 
thc %lrcxi wjti leu Iban thc máximum valué, then ihe Icngih would be Icxt Ki achieve Ihc «ame loial maxx 

15.77. iDEVtltV: At a nodc, vu.íi - 0 for al) í. y t +y¡ iiaxianding wave ¡f ihc locaiiomof ihc nodcsdotfi dependiüií 

SKr l>; The itring n fixcd at caeh end n> for all harmonicx ihc entb are nodet + The xcctmd hormonic \* thc firxt 
owttuttc and has. onc additHinal nodc. 



ModumcalWiw 15 -29 



Y-\i t i tí ■ : (a) The lundairaiul has node% only ji thc endv 
(b) For ihc *ccond (unromk\ thc wavcfcngth 

(O Thc gmphi jh: ¿kcichcd in Figure 15,77. 
id} Thc graph* in parí <c> show that itw location* of thc nodo 
EVAUiAfE: Thc Aim oí t»o ¿tanding n-ave* 



:iitd ihc liotlc* ate at 



intinode* bel» cen ihc cndi vary in time 
i* ni* a *Mndinc wave. 




HAN 15,77 
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15.78. IdevtifY: f t " jj" ' buoyancy forcé «8 that thc waicr cxcrt* on thcobjccl reduce* ihc icn&ion in thc wirc, 
Si:f Up: Fot aluminum. /» - 2700 Lg m' . For walcr, />. ■ 1000 kgW . Since thc ¿culprurc i% complclcly 

r_ -K^-vr. 



H\tt i n : A üconttam. %o J^- - — and thc lundamcnial ftequeney when ihc teulpture » xubmerged « 
£ » / f.ül_j. wtth 250-0 Hx. i »o I^^ÍZL. When Ibc KulpiuK itüiair. ^ ^w^mg^p/g 



Mm ihc ¡culpture i* tubmerged in water* F^ =w-B =ip^-p^)Vg . 2±-= 1 ,1 ' and 



7 -l9K Ib 



EVAUMTE: Wc have ncglccicd (he huoyani lorcc on Ihc wire ¡ticlf. 
15.79. IdevTOV: Compute thc wavctength fromihc lengih of ihc *iring. Lse Eq.(l5.1) lo calcúlale thc wavespeed and 
then apply Eq.< 15.11) lo reble lb¡* lo Ihc Icnwm 

<*)SfcTUr: Thc (envión F i* rclalcd lo thc wave *pecd by \ (l^dS.UlKiouscibcmfonnaikkn given 



L — • 



E Á/2mL 

¿-2L-2(0¿00 mi l .20 



F¡*ure 15,79 

TwfAm , r ■ j , i ■ , : ; . , 78.5 ra* 

p - m . I - 14.4 * 10 1 fc t < i ■■ 0 m - 0.024 l. . ■ . 

Thcn Pmjfitm (0 024 hg'mHTK.S m'rf ■ 148 N. 

(b) Si l Un F - md v ^ /¿ gjve F ^ fif*A\ 
/iba property of thc tfhng *o u comiam 

i% cfctcrmincd by thc kngth of Ihc tfring xo xlayi contfant. 
u t Á can*iant implies F tj* -u¿* -connant. *> FJf? *FJft 



rj I4S N 

EVaumFe: Thc wave speed and tcniion wc calculatcd are *irmlar in mag&iludc lo valuci in thc Fxamplci. Since 
thc IrcquciKy rt proporiKMU.1 to a 2ó% utcrca&c in lemion h required to produce a 1 3% ¡ncrcu&c ¡n ihc 
Ircqucncy. 

15.K0. IDEVTIFV mú Scf L"P: Considcr ibc dcm alioo of thc *pccd«f¿ longiiudlnal wave m Scction 15.4. 

K\*;t t fk: (u) Thc quonhiy of intcrcsl ¡& ihc chance in forec per ftaciioiul Icncth chingc. Thc fbrec coniuml k* 
t* ihc change in forcé per Icnuih chonge. w ihc Ibrce chance per fractional Icngih change « k'L r thc apnlied Ibrce 
al onc end U T- íA7/i|\ p /vi and thc longitudinal impulse when thu Ibrce (i Applied fora lime i b t'U\\¡\\ The 
change in longUudtnal momenrum i* <(it)m/¿}t h f and equating thc cxprcwionh, cancel mg a faclor ofi and sjlvíng 
Ibr v give» í ^ - ¿ A*/i«, 

<b) v ^ 12 00 mlJJUO N m)/ía250kg) - 4M ni/* 

KvaI-I afk: A larger A*ctmcu>ondb toa tfífler «nring and lora ?ailícr *pnng ihc waw 
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15.81. iDEVtlFY: Cany out ihc analyM* fpcciftcd in ihc probJcm. 

Si r UP: Tbc kinclic cncrgy of a vct> : *hi*t scgmcni Av b AJC ■ y ( Aw)vf . v r - íy 't t . The wwk d*wic by thc 
tcn»ion U Flanes thc mercase in Icngihof thc scement* Lct Ihc poicntial enera y be /ero \vhcn thc 



U) Thc piece ha* wicfch Ai and hciuhl Ai^.and u> ihc Icnuih of ihc p*cec i» 



KK)) -H'HIJ) -44(1).. 

Ar "2 UJ" 



thc rclaiiixi tí ivcn in ihe hént has 



US,xl 



Id) 



\f) Coropamon with thc re*ult of part te) with k~ -af/v 3 - tJ pjF show* thai for I iinu*oidal w*vc ji t =f í * 
(K)Hiegraph bgiven in Figure IS.KUn ihi* giaph* n 4 and w tí coincide* a* ifairain pan If)- Al thc %lring 

i* iirctchcd ihc tiviu. and » moving thc ra*lc*t, *o u k and . are maxinuted. Al thc cMrcmci of y, thc «iring i* 
un*ircichcd and i* not moving . *o u t jad ji, ¿re boib al their mínimum of «m 

|h) ^+^«« i ^Sm i ((br-«) = ^f^)^W(tr-«í) = í . 

EVALUATE: Thc cncrgy dcn*iiy travcl* »iih ihc w jw. and ihc rale at which ibc cncrgy b trampoficd A thc 
product «f thc dcntiiv per unii Icngth and ihc *pccd> 




15.82. lot-MUY: Appty V/' -0 lo *cgmcnu of ihc cable. The forcei are thc ucight of ihc di ver, ihc wcighi of «he 

*ccmcnt uf thc cable ihc lenaion in thc cable and thc buoyant furec on thc segment of thc cable andón thc di ver 
Su Up: Tbcbuoyani Ibrcc en an objccl of volumc final i* comptelcly Mibmcr^cd in water i* B — p^J'g . 
E\i;c i fk: ta) Thc tención u thc diiTcnrncc bciwccn ihc direr** wcight and ihc buovani forec. 
F -<m- p^yyg -Ü20 k%-{\000 kg/m*)(O.0R00 nVH9 + 80 ^ l ))-392 \ 

ih) Thc increa*c in lemion wül be thc wcighi of ihc cable belu , een thc diva and ihc point al x % mimi* thc buoyani 
Ibrce. Th\% increjne tn tenuoa U then 

[jix-ptAx))g=(\AQ Ltr/m- 1 MXM) Icg/m * >jt< LOO x 1 0 J m^H^fW ^>r-f?.7i tiftnU The 
(unctioa of * tt then > ■ : 1 (7.70 N/rn)x 
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<t> Dcnoie thc tensión a* F(x>-F f *ar, where ^ -392 N and - 7 70 \ m Thcti Ihe ipecd of iran*ver*c 
wavc* a* a lunction "i . ¡« v - ^ - J(/Í * anc * tbe lime i nccdcd for a wavc u» reach ihe jurlace i% IbuDd 

femií-U-r-í--f- J j£_Jr. 

Leí (be Icnglb of the cable bc¿.«iN * J/¡> AY " s ^U F * + - 

f = 2 V UD kg ^"( /392N^(7.TO N/roHlOOm) - JJ92N> = 1. 
7.70 N i ni 

luiun: Jf the wcighl of thc cable and ihe buoyani forec on thc cable are ncglccicd* then ibe icnxion would 

have (hecon&lant v^luecokubicd innan<iK Tben i»« ¿- I 392 N = ¡a o m ^ and i -£.-5.92 The 

\V« yi.lOkgi'm v 

wcighl of thc cable incrcaic* ibe leroion along thc cable and ihe lime is reduced from ihü valué, 
15.83. Id*-n iim: Tbc leni*on ¡n ibe tope will vary with radiui r. 

Su [ >: Tbc icmion at a d¡*tancc r from thc center muM Mipplv thc forcé tu kccpihc mau of ihe ropc inal » 



lurthcr oui than** accelciating inward* Thc mai* of mu piece m m ^ ^ ' * and iti cerner of ma¿* move* ¡o a circleof 
raditui" 



Hu.í i n : 



(É ~y w \ Tbe ¿peed of propaualion ai a lunction of dutance 



\\r} - — - í_l - -— - . where ¿>(i ha*. bccnch*»cn for a wave iravchnir írom (he ceniet lo 
ihe educ. Scparaling variable* And intcjirating. thc time t i* 

Thc integral may be round m 4 lablc, or in Apncndi* B + Thc integral i* done cxplkitly by letling 

r-Lúnti. drmLm&M, Ji 1 -r J ■ Lco%0 t *othat f . ■ ■g^anaroA ar>d f-— ara¡^J^)--^ ^ -♦ 
*^ ^ ^ ZÍ-r l ¿ ai a»J2 

EVajxaTE: An c^lvalcnt mclhod fttr obuúning TV) Í*ioeomidcrmcnetforccon4nkccoftheropci*'hb 
kngth¿frand irox* J"i ■ drmjL. The icniton imiu vary in mch a way ihat 

rjr)-r(r*rf/-)--teVrf>(i, c* — = -imto 1 ¡L)rdr. Thí* i* inicgmtcd to obtained Jty-)- -(mafflDr* +C, where 



C i» a cooiiani of micgraiion. Tbe ler&ron mu*t vaniih al r - JL # from ^tbicb C ■ {m& Lfl} and (he previoui rc*ult 
i* obtained* 

15.R4. lot-s iim : Carry out Ihe calculalioo ipecífied in pan (a). 
EXEtirTE; lite irntanlancoui i* 



Si:rlip: f-BH^^iflAi, ^1- ^tintTco*^. «nr?co»í?^¿ 



[h) Tlteavcragc valué of/ 1 »s proportional lo ihe average valué of «n< 2ít» >, and Ihe average of thc «¡nc function b 
/ero; - 0, 

(e)Theg ranhi are given in Tiyure I5.RJ. Ihe wa\elbrm i* Ibeiolid line, and Ihe powcr « thc daihed tine. At lime 
f -0 . v - 0 and 1 and ihe .■.:;■!■ coincide. 

(d) When Ihe Manding » jvc h al ¡t* máximum ditpbccmeni at all pointe* atl of ihe cncniy u piHeniiaK and h 
conccntraicd al thc place* where the *lopc b xiecpexl (thc noocó. Whcn ihe tunding wívc ha» «cero displaccmcnt, 
all of thc cnergy i* kinclK t concenlraicd where thc particka are rnov ing thc fo*ie%* (Ihe «¡nocta!. Thus. thc 
rnergy muM be iransferred from thc nodci to the anúnodci^ and back again + tA h ice in eacb eyele . Xoie that |/*| i% 

erealcM midway hciwcen adiaecnt nodc% and atitittodcK, aitd ihai P vanishc* at the rxHle^ and antinocta* 



MtihamealWavc* 15**9 



EvaluaTE: Thcrc is cncrgy flow bjck and forth bctwcn ibc nixlc^ bul thcrt k nonci flow i>f cocrgy along (he 
tinng* 



15.85. iDEvntY: ForatiJÍns, /."¿^ 




Milr: I !:,::■.■,■..■.,:■' 1 SoUing foe Ptfpm F - * . Nok (hat p ■ «r V * 

p-T(0 + 2(J> ■ ' ..i 7801 kgWft-LDlxlO "* kg>n. 

ExtCi rr: (si fl.01* 10 v toinHAtíS m) í <247 i 0 -99.4 N 




(í) The cocftlcicni ofthcrmil expansión a h» drífocd by A/ -r^/zAF^ Combtníng thiswith Y-— — gtve* 

Alt 

A//- -0.01? jnd V - 4 - ILf . Thcphcb&lkThúaUocvplam«(hccon&iant luningio ihc tfrina wikiits uí 
i^i i tiphmiiic tirchiítínw- 

EVAUMTE: An tncrcAic in tempera ture íuuws a dccrca*c ¡n Icmion of (he vtrini.*. and th» lotver* thc frequeney 
ní eaeh sundinu wave. 
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léJ. Idi \im jikI S#;r te: Eq(l5 hgivcs thc wavclcngih in tcrm* oribe frcqucwy. Uic Eq <16 5) to rcbtc thc 
ptciNUíc and di*f>ljetroc tu amfthludcv. 

EXEtirTE: (i) A*vff "(344 rortlOOOll/ m 

(b) p iM - fltí and fli r ctnrtant ¡ove* P_ ||T /¿1 « J* M f 

,,„(^),„„„.„(_^_]„,.,„.„ 

A ^ = 2*fl¿- constan* m pj,-^ «d ¿, = ^£=^(0.344 ■n) ^^^ p' )* 6 *" 
fmvilm (344 ro - 50 11/ 

EVALUATE: The prcuurc amplitud? and ditplaccmcnl amalnudc ore dircelty propomonal. Por Ihc «me 

umpJitudc. (be prenurc atnplitudc deervase* whvn thc ficqucncy dccrcatcs and (he wavcknctli 



16.2. iDEvnrV: Appty p ímí - BkA and *olvo fot A. 

E»CUT, A***** >3D - II>1 ^t' 480 ^321.10 " m. 
2*5/ 2^2 2x10* P*) (1000 II/) 

EVaLuaTE: Both r and /J are tarecr. but t* littgct hy a much grcaicr faclor. so v'ff tt a ktt onallcrand 

ihcreíbn: h a lot umiHcr. 

163. iDBnVK Use Eq.(ló.S)io relató thc pn*^ 

StlUtz A**uiedinil*ample]61^ Pa UscEq.(l5.l>lo 

catante a fom/andlbcn i *2xfÁ. 

EXECi «: (s> /-150Hz 

NecdiocaicuUic*: ¿bv// **J * = 2r/¿ toA - 1t//v-(2í ndM)50 II/K344 ms - 2.74 radm, Tben 
P^b ¿¿4-0.42x10* Pa)(2.74 radmHOOZOOxlO ' m)-7.7BPa. Thi* isbelow the pain thre4*ild of30 P* 
(b) /is Urgcr by a faclor of I0*o k - 2xf¡v b» largcr by a factor oí 10, and - -JJJ.,1 ¡slargcrby a faclor of 
10 ■ 7T_íí Pj, above Ihc piin ihrahold. 

<c> Therr ii again an incrcaic in /. and /\, of a faciorof 10. so - 778 Pa, far above thc pain tfraltflA 
EvaLUaTE: Whcn/incrcaics, k dccrcasc* %ok incrcaset and thc picssurc amoliiudc incrca*c*. 

16.4. lofcvnrv: Appty j» t4H -AU *o p^^—lLL. 

A v v 

Sirlp; iB344nVi 

2rf.4 2xtl.42xlü fíiHl.OOxIo* m) 

EvaUtaTE: Atidibk frequcncie» range ftomabout 2011/toabout 20.0001)/, so th¡* ftequeney r audible 

16.5. lotAiin: v^fJL Appty Eo^ló 7| íorihc wave» in ihc liquíd and tiq l ló Ki for Ibe iwra in thc mcUl bu. 

Stt UP: tn pan (b) ibc mw ipccd n v-í » 3 ¿ 5< |"* 



16-1 



lt¿ Chaptrr 16 



I \n i 1 1 : {*)U»neZqH6Jl = v> = <J/)>, » B = [<R mH4{)0 ll/i j < LKrtf ltg/rn') = 1.33x 10" Pa. 

<bíU«ngEq4l6 »K F = v*p *< ¿/i)> =[(130 ra)/(3.90x10 H *)]*(6400 kg,W) = 9*47xl0 H Pn. 

EVALUATE: ln (he liquid* r ■ 320O rn's and in thc metal, v ■ 3850 Both Ihcsc speed* are mueh grcalcr ihan 
(he tpced of nound ¡o air. 
16.6. lDE.vnF\: v-d'L AppJy Eq<167) lo calcúlate i?. 

Ski i » . io l kg/m k 

Em:c i rt : (a> Thc time Ibr lhc wive lo Iravcl to Caraca* wai 9 min 39 % - 579 * and thc speed wa* 
l.OSx LO* mi Similar ly. thc time fot thc wave to travcl lo Kcvo w« 680 1 for a «peed of 1,28x10* m*, and ihe 
time to travcl lo Vienna wai 767 * tora *nccd of l.26x ID 4 ra v Thc avente for lhc%c Ihree measnirerncnU ii 
1.21x10* múv Due lo varationx in dcnuiy, or refteetion* (a mbfeci oddrcracd in Ulcr cbaplct*), nol all waves 
travcl in straighl lincswithcoraiant «pccifc* 

<b) From Fej*f IÓ.7X ¿7 = \ /\ and using ihe ai ven valué oí p - 3.3 x I0 1 küi'm' and the ¿pccdi found in pan (a), 

thc valuei for ibcbulk modului ore, rcxncciiv-eíy, 3.9x10" Pa. 5.4 x 10" Pa and 5.2xlO L ' Pa 
EVaLuaTE: Thcic are largcrby a factor of 2 or 3. than ibe largcM valuei in TaMe 1 1.1. 
16.7* iDEvníY: d ■ ví for thc tound wave* in air an in water 

Stí Vfi Use * M -1C mi ot 2Q , t\ o» given in Toble I6)*1nan\ v-3W mi 

Iam i i! : Since along ihe path to thc di ver ibe tound iravcl* 1.2 m in air. ihe «ound wwt iravcU in uvater for thc 
same ntreu thc wave IravcU a duiancc 22.0 m- I .20 m- 208 m in air, The dcpthof the diver \% 

(20.8 m)-^¡. - pi( ^" m * - 89.6 m. Thi* i* the dcpthof thc diver ihc duuncc from the homu 90.8 m. 
v m 344 an 

22.0 m 

EVALUATE TT.c time it lakc* thc *ound lo iravcl from the hom lo thc pcrwm on *horc i* i, = =0,0640 i. 

344 ra * 

Thc time ii takc* ibe *ound to travcl from ibe hom to the di ver n 

u 1 .2rn f 89.6 m , uW y $ % + Mfi0S 5 _ o qó40 K Thcic tum , % m indw ¿ lhc %amtf Fur lhrcc (j™ 
344 m/x 14S2 mi 



iccuf*y thc diitancc ol lhc horn above lhc waier con 1 1 
I6.&. iDEvnrV: Appty üú,<1rVl0}tocacbga** 

Ser Vf tneacbca«e f expren Sf in umuof kg rnol. For ll ;t / = 1.41 + For lie and Ar, / = L67. 

/] .4 1 )(8.3 1 45 J:mo) k )l 500J5 K> 
¡1- í-a iL_ 1 = 1.32x10* mA 
(2.02x10 'kg/moi) 



l.vict ti : ta) 

1| (4.00x10^/^01) 

jVI 67HH314S J/mol KW300 15 K) 

M y M = 1 U- — ¡1— i = 323 m/*. 

" y (39.9x10 'kg/mot) ' 

(d) Rcnealing the colculaiion of Exampic 16,5 at 7 = 300.15 K gim 1^ =348^/^ ondxo 
^ «3.80*^.1^ = 2.94t„ and w M sQ r 92Sv H . 
Kv aI-I'aFe: v ñ larger for uaws with wiuller \t. 

16.9* iDEvniV: I m iiljtion of v 10 gas temperature i» gi\*en by v = 

SO HP: Let T = 22.0*0 = 295J5 K 



EXECRE: At 22.0-C, ¿»-L-Í2Ü2Í- 0260 rn = 26.0 cm. A--l-±Jííi. ^-IJZ* ^iebi, 

/ 12501b: / /V M W /V« 

K _ ^ -^UV_ í ™ í cv/2H.5cm) í OS4ÍKtí¡lW 



""-*- i"* r -1?J 



EVALUATE: Wncn rincteases vmcrea*e* and for lixed¿ ^ incrcaxc*. Note thal we did not need toknow cither 
y or .W for lhc ira». 
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16,10. J^-— Tikc Ihc dtfhvativtf of vwíihrespeel toT. In parí 4b) replace ^ bv Av and JTby ATm 

ihe expresión dertv cd in parí (a). 

n>: --ir". Inl íq.(l6 .10). rmunbc mkelvim. 20*C=293 K. Ar = lC»IIL 



Encime (u) — - J- - — ir *¿ — — . Rearranginctmv* 

rfr Va/ dr ta/ 2t\ m 2t 

remití. 

(bj — = . A»> = 1 -0 59 nv* 

v 2 T 2 T \ 2 

ÁT t Av 

EvalUaTE: Srncc — -34x10 uid — isonc-hilf thi», replacing oTby Afand rfrby U acórrate. Uiiog 

(he resuli lh>m pan ía) ¡& much simplcr than calculaling r Cor 20'C and Ibr 2 PC and subtnicimg* and u not 
suhjcct lo round< o ff error*. 

16.1 ). nt\ jn;l S*r Vp: Use r - dtti^ncc *pecd. Calcúlale ihc time il takc* each *ound wave to travcl ihe 

L ■ 80.0 m length of the pipe. Use Eq.(16.S) lo calcúlale (he xpeed of sound ¡n ibc broa nxl. 
EXECUTE: weinair J = 80.0 mv(344 mVs) =0\2326 * 



- 0.0247 v 



3235 m* 

The time intcn al bciweeti ihe m o %ound* u A/ -02326 *- 0.0247 1 = 0.208 * 

EVALUATE: Hie rcMonnij. forcé* that propágale tbe muml wave* are much greater in willd hrws Iban m jíi. «o 
íj much larucr in bran*. 
16.12. lDE.vnn: Repeal ibe calcularon of Exarnpk 16.5 at eoch tcmpcialurc 
Siiflip: 270*C-30G15K and -13.0*C ■ 260.15 K 



to¿ CVT K M^HK..>NSj m oi.KH.^.)SK) mMtf 3U5 J mol Kj<jMI5K> . ^ ^ 

V (285*10 1 k&moí> l| <2ft.H*10 1 k^mol) 

K\ Ai.t uh: The ipccd i* grcaicr al the hieher lemperatua* The diiTerence in *pecds correspond* to a 1% 



\F . . IT 

16.13. lokMiM: I'or uan*ver*c xvave». v ■ !— . For loneiiudinal xvavet* v - J — . 

Sir cp; Tbe mas* per imít length tr \% relaled lo ihe demiiy íaisumcd unilorm>and ihe eroa-ieclion ¡uta A by 
Hvt-tirr: iv__ =30»* gw-e* f— -30 |— and — =900— . Thcrcfbce* F/H = -í— . 

EVAUrATE: Typícal valúes of Kare on ihc order oí \Q U Pa* so(hesne» rrwi heubout 10* r.i IÍA ison tbe 
onlerof I mm* - 10^ m\ (hu requires a forcé ofabout 100 N. 

16.14. iDtvnn : Tbe inlensity / i* given in lermi of the di^laeemcru ampliludeby EqX 16.12) and in lenmof Ibe 
j>re»ure amplitude by l:q t I6.l4i n> - 2r ,'. Inlemity Ísenerg\ h per teccod per unit área. 

SefUp: For pul (ak í =10 " W m\ Forput IbK tmülxtW* WrW. 

KXF.ttrt: (a) i -yJp5(a i A > . 

"tfY?^* Mlmlb >V^ l ^ k » lm ' M1 ' 42,l|o4 pA) " ' V/*** 

^2IJpB = ^2<UI0 '* W/ro^iLM ltit;m J HI.42xÍ0 s Pj) =2.9x10 * Pa =2.8x10 rt aun 

U»> í » proponional to V?, «o j*J-(l.lxlü"*' ni- i ' " ^ : " ■■ 6.2 ' 10 m ^ is alio proportional lo 



, p.)/' 2 '"^ WJn | =|.6Pi. = 1.6»IO' 
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<t| ana- (5 00 inrnV 1 -2.5*10 * m J . Partía): (1x10 ^ WWHUxlO* m 1 )- 2,5* 10 " k*. 
PartiM (3.2*10' W'm^I-SxlO'ro^-WxlO'J/*- 

EyaJ-I aff.: Fot raint sound* ihc duplacemeni aíkI preisurc variailon arnplitudei are vcry siruill. lntcnsiucs lor 
audibfc soundf vary owri vcry widc range. 

16.15. IDCVTIFY: Anptyi:q<J6l2iarKl*>heforJ ¿*vff r wíth v-^BSp. 
SiifUp: *>-2xf. Forair, W -I4MÚ Pi 

E\j;c iFt; (ti) The amplitudc is 

Qü, / 2O.Q0-I0-VV.W) , 9 .44. l0 "m. 

yjpBto* yJíiOOO kg/WnUSíílO^PaKlffíSaOOlb:)) 1 

The wavcknuth i* k - — - 2£_^_ ^ X ! *± 1 ■ <U34 m. 

^ f f MOOII* 

Ib) Rcpcaling thc above wiih B - 1.42 * lü' Pj and thc dtnsiiy of air give* .f -5 .66* 10 " id and X - 0100 m. 

Fvai i aff; (c) Thc amplitudc ¡s larger ¡n air. by a factor of about 60* For a given frequeney. tlw rnuch les* dense 
air motectilc* must have a Larccr amplitudc tu iransfcr ihc same amixwt of cncrgv, 

16.16. iDWTFFVHKiSrrVF: ü»í t:qil6 ?}unHimmaiccuh - ■ ,< j íin ■ 

\ \ti\w FroenEq.flWlK v* -B/p. U*ingEq4l6-7)tochimnalc v t / -\jBfp)pÍ„flB- pL/^JpB 
UangEq. (16.7) lo elimínate & / -»p^/2ívV) = /^/2pv. 

Y.\ \n ají; Thc cquaiton in (hi* form *hmvt thc dcpcndtnce of / C4i Ihe ácruily of thc material in which thc 
nave propágales. 

16.17. IdevTOY and SEí t>: Apply 1 '-i> ; J ro i. . jí> J i i j:ü . j ]?\ 
I \Mi m : (■) w-2r/M2rridkl50lb>-9415rad* 

X » v 344 mi 
/; L ■ li: Pa (tximplc 16.1) 

Thcn /> M -tf*.*-íl.42*l0* PaX2.74 r^taRSOO* 10* m>- 1.95 Pa. 
<fcH-q<l6Jl); 

/=^(9415racV*)(l,42*IO* P*X27.4 radmKSOO* 10 * mi' = 4 + 5SxlO ' Wm\ 
vt>[-qil6JS>: /U|10 dB>tog(/ 7A ^«IxlCT 41 WW. 

>?^ijodB)bgjr4.5s-io 1 w.Wi-xiair 11 Wta'))-9Uda 

EVAUMFE: Fvcn though thc displaccmcnt amplitudc i\ vcry smalL. ih¡* ¡* a very interne sound. Compare thc 
sound ¡nicnsity loel lo ihc valué» in Table 16,2. 

16.18. IdevfifV: Apply fl - (10 dE$)fag{í 'O- In pan <bk use Eqi 16,14) lo calcúlate / frorn thc ñformalion Ihal ¡* 

ghm. 

SKiVrz /,»!<! tí W m From Table I6J iheipcedorwunduiairat 2(M)'C w 344 The dcmity of air al 
thai lemperaturc n 1 20kv *'m . 

(b) y t0 ' 5 ? ' -2.73.10 s W/m'. U«ng ihi. in Eqiuliao 116.15), 

2pv 2(1.20 ku.'m )(I44 n^'i! 

KVai.i vil; As CAficcied thc sound intensir> + is larger fot thc jack haimner. 

16.19. lDlxn»Y: UscEq.(ló.l3)lorclaWand a^. // -( 10 djli Wi/ / .( Eq.(l6.4)says Ihc presiure amphludc and 

displacetnent amplitude are related by p,^ ■ BkA ■ o*í — M 

V ** / 

Milr At 2^Cthcbulkrnodulusroraaris I 42 - HJ Paand i -J44ms. / -1k]0 ,: Wm 



Suuiri and Hcaring. 16-5 



Enera M ,¿J!!SS^. UllB -w 

20 2(1.42*10 Pal 

,*i ¿«JE™ - <M4aflWM»10' 4 Bfl . 5 .a xHr » m 
2xfB 2*|J00N/I<l .J2*IO l Paj 

EVAUUTE: ThU b a very fami smind and Ihc displaccmenl and pr&surc amplitudes ate ven- small. Note itat 
duplacemcnt arnplitudc depends on ibe froqueney but ibc presiurc arnplitudc doct not. 
16,20. lotAiiM and S#;rL'P: Applv Ihc rclation fl¡ - i\ - (10 dIDWi/ /. \ thal isderivedin IxampJc 16.10. 



EXJCt f E: (&> ¿ft - i 10 dB) W|i¿| = 6.0 



(b) The total nurnber of crying habics must be multiplicd by four* (oran incrcascof 12 kuh. 

huun: For i : ~al, t where ainoav (actor, the mercase in souruJ iniemity l*vcl » A//- |lOdB)log<r 

Fot «-4. ■ 6.Q dB. 

16.21. lotvim ind S»;fL'p: Lcl I referto ihc rnothcrand 2 tothe father. Use the rcsult derived in Eftarcfuc 1611 for 
ihe di ITcrcncc in «ound imcruity levd for the t»o sounds. Reíale ¡ntcnsity lodisiancc rrom Ibe sourec w)ng 

I \h i i*: From£xampfe 16.11, /;.// - *H - ■ 

V-A-tfMlOdB)^/, ^ 

. 21 . I i ■: 1 1 ■ .i : i- ! mi ^ 140 dB 
EVau vrt : The falher a 5 lime» ckucr so the intcnsily al his locaiton is 25 lime* greajer. 

16.22. IdevTifV: £-<IOdB)log— . /J, -/;, -iLO dllilt^íi. Sotvefor^i* 
mi Ir: [f i. . ■ ■ x then y ■ I0\ Let - 70 dB and // ■ 95 dB. 

I um m: -i i.-. >f i.-. .1' .. .! ! í . I. .— : — 2 5 and ~LmW** ~X2xl9*. 

Eyau/aix: /¡ <#i unen p¡<R 

16.23. <j)ll>i:MIFVandSrrUH Troml-xamplc I6.1J Ají - (10 dB)k>#/. /, l 
Set A/U LVD dB «d «rtve for ft/f*. 

I \u i n : l3.0dB i |0dBbg(/ í ^ J >» l J-lorf/,//,) wd /J//.-20A 

(h) EVALUATC: According lo Ibe cquation in pan (a> Ihe dilTetence ¡n sonad intcnsiry kvcls a 
by Ihe ratío of ihe tound inicntitics. Soyou don't need to know jusi the ratio /¡//i. 



u.:4 locvnrv: For uiopen pipe. A m ~- Fora *lopped pipe, 

Si: r l'P: v ■ 344 m i For a pipe, there musí be a displaccment r*odc at a closed end and an antinode al the 
open emL 

EXECVTB (u> L =— ^ JÜÜ^_ - o 290 oí. 

2/ % 2Í594II/) 

ib) Thete t* a nodc al ttne end, an aoiinode al Ibe other end and no other oodes or Anhnodei m bctwcen. *o 

EvaUtaTE: Wc con Id a lm calcúlale /. for the slooped pipe a» í¡ --L-^l^l- 297 II/. whkh agreev i*hb 

^ 1.16 m 

our r«uli in pan (al 

16.25. loiA'nrv and Ser L'p: An open end u a dUplacemcnt antinode and aclcncdend i* ji duplacemcni nodc. Sketch 
the nlandmg ^ave paitern and ute the skelch lo relate Ihe nodc 'lo 'antinode dislance lo ibe lenglh ofihe pipe. A 
nodc is a prenure aniinodc and a displaccmcnt antinode is a prcuiurc nodc. 
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l.\*:c t tí.: (a> The placcmcnt oribe 
Figure 1 6 25a The open cotU Are di*pl 



alone ibc pipe u j_\ ifcelchcd in 




X 




NASA 




b m ■ d 
I tpire 16J5a 

LiXMtion of (he dnplacemcni i>oócí tS) meaMitcd Irom Ihc left end 



Ití ovcrlonc 030 m t OTO m 

2nd overionc 020 nv 0.60 nv I 00 m 

Livution of (he prenure nocta (diiplaccmcnt antinodc* <AH rncauired fnwn (he lefl end 

lundamcnial 0. 1.20 ni 

1 tí ovcrlonc 0 t 0.60 nv 1 .20 m 

2nd overlone *' 0.40 nv 0X0 nv I 20 m 

(b) The open end i* a diialaccmcnt antinodc and ihe ckroed end u a di*p4acemcnt onde. The 
di-tplacctncnt mi de* and a nt ¡andes along (he pipe u *kctchcd m Figure 16 25b 



. ■ : . ■. ' 



Location orihe dsplaecmcni nade* (X) 



[Uttin DKtn 

Fijare 16.25b 

irttiii ihc closed end~ 




IA1I 



Ití ovcrlonc 0» OKOm 
2nd ovcrlonc 0, 0.48 nv 096 m 

Location of thc prenure nades 
liindamcnia) 1.20 m 
1 tí overlone 0.40 m, 1 .20 m 
2nd ovcrlonc 0.24 nv 0.72 nv 1 .20 m 

Evaj.i vn.; The node~t0-nodc or antinodc -ta~ antinodc duianoc b At2. For thc higher ovcrlonc* thc Ircqucncy 
i* higher and thc wavclcngth u srallcr 
16.26. IdevTOY: A pipe dosed alone end b a iloppcd pipe Apply I^M^ I»>»d 0^22)10 TiikI thc frcqucncie* and 
16.19) and * 16.23) lo fmd ihc highetí audible harmonic ín cach crac. 
Si.r L'p: Por thc open pcic it - l t 2. and 3 fot (he fittí threc harmonic* and for thc xloppcd pipe ir - L X and 5. 



Iami n; (a) f,~— ' :u - £ = 



144 m i 

:m i'.: 



OS2IÍ/. /, - 764 Hjt, /.-11461b. /.-I52SIU 



(b>¿>— and Mi 3.5 

344 _ | 9[ f^jilz. /^oSSIIz. /,-1337 H/ 
4(0.450 m) 

/ 20.00011* „ „ _ . / 20.00011/ 1M „ , Bl 

(c)opcn pipe: - — ■ - 52, closed pipe: — — 104. Rut only odd n are prc^cnv *o 

y¡ JH2 11/ y¡ 19111/ 

Eyaii afk: Toe an open pipe all harmonice are present For a *lopped pipe tmly odd 
pipe* ofa given Icnuth. / tora alopped pipe i« halfuhat it ñ for an open pipe. 



are pratcnl. for 



16.2?. loEYlltY: Ford «lopped pipe ihe ¿tanding mvt frequendo are unen by l'q.i 16.22). 
Si l l i p : Tbe firw threc itanding w jvc frcqucncic* corrcqiood lo » - K 3 And S. 

faMmi í 5 SS a5IÍH£l/l -M-1SI7H*/,- S/>2529 Ib. 

EyaliaFk: AH ihrccof theve liequcnoc* are ííi thc audible rsnge whieh i* aboui 20 11/ (o 20.000 Ha 
16.28. IdevüfV: Modcl thc auditor)' canal ai a Moppcd pipe of length L ■ 2.40 «ti. Foca itoppcd pipe 4 ■ 4¿, 

/,-^-and 3,5 



Sur Lp: Takc ib: highcxl audible IrcqiKKy tobe 20.000 11a t -344 m s 

E3KECVTB: M ■ 344 ■J.gicltf 11a ¿ - 4£ = 4(0-0240 ra) - 0.0960 ni. Tlib fnwucncy í* 

J 41 4X0.0240 m) ^ ' 

audible 

/ 20.000 Hz 

<l>)For • - 20 t 0001b. — ^ — : =5.6: thc hight**t harmonio whxh u audible i* for ir«5 ififthharmon*) 

55X0 11/ 

f % - 5/ = 1.79x10* Ha 

l \ uiui; Toe a ttopped pipe ihcrc are no cven harmónico. 
16.29. iDKvnn : For cilher ivpc of pipe sioppcd or open* thc fundamenta) frequeney « propon ional to thc wave «peed 
v. Tbe waw «peed b given in tum by Eq ( 1 6. 1 0). 
SürUP: For He r-^andiorair. r*^/5. 

ExF.CiTKi (u ) Thc lundaracnial trequeney i* proporcional to thc situare root of Ibe ralio — . *o 



(b) No. tn ciiher cwt* thc frequeney i* ptoportional 10 ihc «peed of «ound in thc gas. 
EvaUiaTE: Thc frequeney 11 much higher for hcliunt unce thc mi* «peed U greater for helium. 

16.30. IDEVTIFY: Thc re muM be a nodc at eaeh cod of ibe pipe For Ihe fundamental there are no additiona) 
cacb 40ccet«vc overlone hai one addjiional nodc. v - i k 

Sur UP: v ■ 344 nv*. Thc node lo nodc dbiancc i« >. /2. 

overlone adds an additional /. ; 2 alone thc pipe, » 

Q» f - — - " 4J 1:1 > s i]/ /=2/ = I3H1Ia /=3/=20óIIa All thrce of theso frcqucncicx are 
21 2(2.50 m> 

audíbfc. 

Inn ui: A pipe of lenglh L ckiscd al both end* ha» ihe «ame ¿tanding \wc navclcngth*. Ircqucnóci and 
nodal paitcrni as for a string of lengih L ihai i* fixcd al both end». 

16.31. Ji>i m jt\ and Si;r L'p: Use ihe itanding wa\c paitcrn torcíale thc wavclcncth of ihe «tanding wave lo Ihe Icnuth 
of Ihe air column and then u*c Eq.115.1) to ealeiiUtc/ Tberc i* a dúplaccmcnl anlinode at ihe iop<opcn>end of 
thcair colurnn and a nodc at ihe boitom iclotcd^enoVai shown in Figure 16.31 
EXf.CtTE; (a) 

tt4ml 

¿m4Lm 4(0.140 m) ■ 0360 ni 
Á 0 560 m 




tb)\mvihclcni'th/ ^ ihciiircoluirniheeomes 4(0 140 mU0.070 m and ¿ - 4¿ =0.2H0 m. 
i 0.2*0 m 

t\ Ai.t .vFH: Smaller L mean* smaller /. which in lum eorreipondi to larger/*. 
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16.32. iDCvtiFV: The wire will víbrale ¡n tu ficcond ovcrlone wiih frcoucncy //" whcn Foraitoppcd 
pipe, — — Thcfirtt ovcrlone «tanding wave faquency foro vira fixed al borh endti* ^ *| 



Jf¡¿. 



m 7.25-10 kg „„ .„_. 



SirlP: Tbc mk hai (i - = — S _5Í - liJ kg'm. TTk ttvcd oí untad In air I* i-'44tn< 



^ 12*' 12I69J mi) 



16.33. 



EVALUATE: The fundamental for ihc pipe ha* thc wtix frcoucncy a* (he ihitd harmonic of Ib: wirc. But ihc i*a\c 
tpccdt for (be lwo onjcei* are di ttcrctit and thc two tlanding wuves nave diftcrcni wavckngth*. 

A B Q 

di* >dU * 

Pifan I6J3 

(a) IdKMIFV andSfcl Ur: Path difTcrcncc from pointi A and B lo poini Q ta 3.00 m - LOO m - 2.00 nv a* 
*hown in Figure 16,33, Contfruetivc inlcrfercnce implte» path difTcrcncc - «i. « - l, 2, 3, ... 
EXECirTE: 2.00 m - /ja so ¿" 2.00 mfm 

¿ 2.00 m 2.00 m 
The lm\ cii frequeney for which conxinxtivc inlcrfercnce oceur* i* 1 72 1 1/. 

(b) lD¿xnn andSr.r L'p: <3e*truet¡\c intcrfcrcnec ünplics path mfícrciK:c-í> 2U, tt-l, 3,5».» 
ExcCUTEi 2.00m-{" '2U *o Á- 4.00 mfn 

v «ir «(344 

J - — — - MD lm t »f - J. 3, 5 

¿ 4.00 m ROO mí 
The lowcsl frequeney for whith dcviruciivc mtcrfcrcncc oceurs « S6 11/ 

EVALUATE: A* thc frequeney ta dowly ¡ncrca&cd. ihe intcniily al pwill Ouclualc, as the mlcrfcrcncc chati ge* 
bciwcen ctalruclive and conitruclivc. 

16.34, loEYnrv: Conitruclive mtcrfcrcncc oceur* »hcn the difTcrcncc of tbc diitancci of cach ¿ourec from poini P ta 
an integer number ofwavclengthx. The inlcrfercnce b dcitruclivc wheo ih¡* ddTcrcncc of paih Icrjgihi ta a half 
intcger number of wavelcngihv 

SVf Up: Tbc wavclength Í»U ■// = (344 B^)/(206 IbrJ ^ 1 .67 ro Siocc ta be»wt> thc «peakerx x mu«t be 
in thc tange 0 to L, where L ■ 2.00 m n the di&tanec heneen the qmkcrv 

I \m i ii : Thc difterence in pith Icngib i% Al -{L- x)- x=L-2x, or x*{¿-¿J)'2. For deumeiíve 
iiwerfereoce. ^ = (n ■» (1/2 ))>^ and for eomtnielive iiuerference. SI - nX. 

<■) Desmjctiw inlerferenee: « - (* giv» A/-0.K35m and i -O.SSm. »t = 1 $ivc* m and 1.42 m 

Noolher valué» of íí place /'bcl'Acen Ihc speaker^ 

MCcintinjctm inlerferenee: a ^0 give* AJ-0and x-lOOm. n-1 vive* A/- 1.67 ro and x -0.17 m. I 
kívc* A/--1.67 rn and ,r-1.S3m. Noomcrvalucftof«placcr > bel 4 *cenlhe»pcaker^. 

(e)TrcAling Ihc ipca^cn a* poínt *ource% i« a poor approximation for ihcsc dtmennoru. and sixind reachet these 
p«nti after rellccúng from thc ^all», cciling^ and lloor. 

EvaLuaTE: Poinu of commiclivc intcrlcrcncc are a dútanec / >2 aparLand ibeiamc vt truc for ihc pointxof 
dcitrueiive intcrlcrencc. 

16.35. Ioiaiu^: For coniinidivc inlcrfercnce thc paih dillcrcrKC i* an tnteecr mimher of Ma\clcnglh^ and for 
dcitruclivc intcrlcrencc Ihc path differenee ú a hairinicgcr mmihcr of wavcicngih-v 

Stf UP: J.- *ff - (344 m Hx) - 0.500 m 

K«;c t tu: To move from conitruclivc intcrfcrcncc lo dcsiructivc inlcrfercnce, the paih dilTcrcncc murf cbange 
by í. 2 If you mo\c a dtitancc x Imard speaker B, the di&larwc to £ grt* itoncr by x and ihc diitancc lo A v&s 
longerby i ^ *o rbe path dilfcrence changev by Ir. 2t-í.2 and t-í. 4-0125 m, 

EVALUATE: I: v¿iu an aíUiIi^I diMattce of 0 .125 m fitrther. the ntu-rf^tuc j^atn rvcome* comirutriivc. 
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16.36. lot-vim: Dc*iructivc inlerfcrencc occxin whcn ihc puth diíTcrcncc u a halfintcgcr numbct of «avckngíhv 
IVrUPi v»344 i i.-s,w>. - */y -íUi nV*)/(l72 - : 00 nr tfr.-H.00m .ni.. ■ are the tara of ihc 

pcrson fram cach speaker, the condilioo íbr dcitniclivc ¡ntcrlcicrjcc \% r t -r A = (« +y)k, where t ixany ¡niegcr. 

I u i ' ii Requiring ->(fl + y)¿>0 g»>e* « *y > ~^¡A - -(8 00 m)/(2.0Q m)- -4. jolhc irnaUcii 

valué of oceursuben * - — i.and the cto*c*l düiancc lo/IU r M -8.00 m +(-4 + ?)(2.G0 m)- 1.00 m- 

EVaUíaTE: Fot r.-l ilOm, the para diftcicnce i* r, - - 7.00 oí. Thisi is 3.SA 

16.37. Idevüf\: Compare ihe paih dilTcrcncc lo Ihc wavelenguY 
SKI Vfi ¿m ¥ff * (344 m.**,/lR60 lb| ^ 0.400 oí 

EJBCims The paUi difference t% !3.4m-ll0m-l4nv palhdiflewpce__ 3 5 Thc palb ¿fTcfrcncc a lulf- 



numner ol wavckngihv »» ihe ¡ntcrfcreitcc tx dcsiructivc. 
1\ ui un The micrfcrencc í* dcstruelive at any poinl where the paih dilTcreocc is a half»mieger numlvr of 
wavcfcngth*. 
16.3». lotvnrv: / taB "[fl-J¡|^ /¿. 

Str L t p: i ■ 344 ■ ■ Leí A ■ 6.50 cm and 4. - 6.52 ern* A- > A to f \ > 



•lhZ±L. <344ms„D02. l Q-m> ^ T _ |fi 

44 <6JOxl0 ' itiH652*lO' mi 

hvitut: We could nave eakulated /, and t and «ublractcd. but úainv il thü way we wwld bave ta be 
eareful to retain cnougb figures in intermedíate calculaúoni toavonl round -o IT errorv 

16.39. iDEVtirV: /i»* =|£ -f*[ Foraitoppedpipe. /,-— . 



UP: r-344 mi Leí -I.Mmand 1, -I 16 nv > & » f u > f H . 

Íl I i i<4-¿J <344miH2.00>íl0 i m> _ A „ 
=— — =- --Uliz. Toreare L3bcafe per 
¿. íj *LA 4(1.14 mXI.Wm) 



MDDOd, 

EVAUMTE: Increasing the tength of ihe pipe increa*c% Ihc wuvelcngih of the rundamenial and decrcaic* Ihc 
frequeney. 

v 



I6.4Q. IDEVTIFY: / M -|/ -^|. / Changing ihc lenxion chango Ihc i*a\c speed and thb alten the frequenev 

SkfUP: >-J— /--J— * F - F » AF. Leí We can awumc thal AF<F w t%\vry 



«malí. Incrcaiing ihc icniKin increases the frequeney. so = / - / t . 



h2 \ r -í. : 



2F 



AF T^issmall. Th¡» give* Ibat / M ±/ a l — . 
/„ «Ollz 

EYaumIT: The fraeiHtnal change ín Irequeocy t« onc-half ihc fractlonal change in tcn*ion 

1641. iDBniPV: Appty the Domlcrxhirl ctiuarÍMi / L =f v ** 1 

Sirte: The positive dirccíion [% from hitencr tOMturce. / t -l200JIí. / L -l24GUr. 

EXECirre: i V ^0. = -25.0 nA A-í— U m-5!L. W,WMIW B »íA 

(vtvj A-A 120(1 Ita- 1240 Ib 

E\ajj:aTE: ft> A *¡nce Ihc «Hitvc upftrtKiehin^ ihc lutcncr. 



It-lt Chtptrr 16 



16,42. InnVR Fotlow thc *icps orftumplc 16.19. 

Ser Ir tn thc fin ■ ■ . p Kj ■ +20.0 mi indicad oí -30.0 mi lo thc iccond itep. v 4 - -20.0 mi indicad *rf 
t30.0 mi. 



— !—|/ k =f — 

r+v. J V 340 mi ' 



*200 m'* * 



El ai t \n; Whcn (he coj ii moving (oward (he rcflccung lurlacc. (he rcccivcd ftequeney bxk al (he *uuicc i* 
highet than (he ctmitcd frequeney. Whcn (he cjj i* rot»ing ¿way from ihe icflcciing surfoce, ai ii Ihe ene here, ibe 
rcccivcd ftequeney bxk al ibe lourcc is ktwer (han ihe emilted J'rcqucncy. 

E6.43. iDEvnrv: Apnty thc Doaplershifl cquation /,=[ v ** 1 \f 

Sir l'P: Thc potiiivc dircclkm íi from líitcncr lo aouccc. / t ■ 392 Mr. 

b| 344 ah- IS.0 ■* W Hz) ■ 375 Hz 



EVaUjaTE: Thc diitoncc bctwccn whiitlc .4 and thc líitcncr ii incccaiing* and fur whttflc .4 / L < Tne 
di»lancc bchvccn whuUe 8 and (he IíkIcdc? i* al^ incrcaiing, and for whiitlc B f t < f % - 

16.44. iDEVfiFY and 5*:f L'P: Apply Eq*{l6.27}and<16.2X) forlhc wivclcngthi ¡n front ufand tafand ihe munre. 

v 344 mi 

Then / ¿v/A Whcn Ihe lource ii al rert Á ■ — ■ -OHóGnr 

Exf.CUTé: i^^.W^M^^, 

/¿ 400 Mí 

(n>&Ml6J28>; ^ = ^ a 34^m^25.Omi j0 922m 

<c> ■ (nnee v, -0), so A =(344 mi)0 798 m - 431 11/ 

i (i i fi = r/i = (344 miy0.922 m = 373 llx 

E* Al l afe: In ftont oflhe icwrcc (iciurcc muvinc ttmard hriencrk thc wavclcnglh n dccTcaicd and thc fTcmicncv 

ii ¡nctea&ed. Behind thc «unce («ourec moving away from liilencr) Ihe wivclcngih ¡* incrcj-tcd and (he frequeney 
ii decrcued. 

16.45. IdevIWV: The díiuncc bctiAccn crc*u b /. In frocrt of thc romee ^ - i — — and behind Ihe lource i = * 

Sef LIP: 7 = 1.6*. v -0.32 m v Tne crcit lo creit ikitancc ii thc «^vcleogüu «o x -0.12 m. 

EJBCims (tt> Ji = 1^=0.625 Nz. ghm v^, = =0.32 n***- (0.12 mXO.tóS ll*) = 0.25 mi. 

A 

/ 4 0.62511/ 

En ajj afe: If thc duck wa« held al mi but Mili paddlcd ¡ti feei, it woukl produce of wivclcngih 

X — — - 0.51 m. In ftont of ihe duck the wavclencth u dccxeaAcd and behind thc duck ihe i*awlcnjrlb i* 
Thcspccdof thc duck ¡i ?S% oribewavcxpccdiolhc Dopplet elfeeu are Unte. 



l>: t ■■ 100Ü li/ The posilive direclion b fn>m (he h*icncr lo ihc «curte* * -344 mh 



fL I vT^K 1 l 344^ 



. ' 72in> JoOOQH^^ISOOIb 



I* \ Ai-i aFe: <c) Thc amwcr in íhi ta mueh les* (han thc answcr ín ia>. It is Ihc vclociiy oí thc sourec and liticncr 
retome t« thc air üui determine* thc cfTctL nol ihc re Ulive veiociíy of thc mhjtcc ajtd lulcncr rcbiivc (ucach other 

Si r O; TbcpcBitivc dircciion is from ihc nxHtuvycic (oward ihc caí Ihc cu is staitorarv, «o v> -0, 

Vixj must be Iravchng al l9 t K ros, 

EvaUiaFE: r t < Ornean* Ihal ihe luicncr is moving away frotn rite souivc. 

16.48. iDEXniY: AppÍy(hcDflprd«c^^ 

(a) Set Uf: Thc ptKihvc direetiun n fram (he lulcncr toward (he stxircc. as shown in Figure iít.4N;i. 



LK»S 
I !■■ i - . :■ ■ 



Execre: ^^^.[^^"^Wlhi^li, 

1 344 m 1 *- 30.0 mW 

EVALUATE: Ustencraod«HJp^iíC4ppro»chinuit^ / 4 >£. 

(b) SKI Lp: Sce Figure ló + 4Kb. 



R|pi< 16.4Kb 

l r+H J 1 344 na * * 300 11*'*/ 

EVaLUaTE: Listener and mhjtcc are moving away Irom each olher and f l <J+- 

16*49. IDECTIFY: The radar beam consiste of elcciri*naencl»c u ave* and tq.i I6J0) apnlics* Apply ihc Donp-lcr formula 
twke* once i*1lh Ihc sfctmi as a rece i ver and (hen aeain wiih thc storm as a so urce. 

Sef L'P: ¿ = 3.00*10* m *. When (he xource and receiver are moving toward eaeh olhcr, as ¡* ihc ca*c hen?, Ihcn 
v is negad ve > 

EXECtrTE: Ut /'bclhefrcqucncy recerved by ihc itorm; /*- *\?, Then f serve* a* thc sourec 
rrequeney when (he wavesarc rcllccicdand f%-J- — j-jl J — \~ ) - 1 - — n 



16-12 < hupirr 16 



EvaLUaTE: Sin ce» |t| n thc cxprctsion *V ■ | j f t )t» j very good apprmimalHm lo rcptacc c— | | 



by** and Iben — — = 2—, — b ycty ¿malLso — is vcty imall. Smce thc ttiwm ti apprcochinu thc *iatic«n thc final 

e * /. 

rcccivcd ftcqucncy U larccr than thc original traninuitcd ftcqucncy . 
16.541. lot-MiM: Appty I ^ < lo _MJj The sourec t% moving away» %a vi* piwitivc- 
Un «-0.110*10' ni i - *M0* 10* nV». 



,k yc + v* 1 |3.00*10' m*iS0üxl(F m* 
EVAJXMTE: f K - ; / t Mitcc thc *outxc ih moving awjy. Ihr ditVcTcrcc Ivtueeti / ( /, is vety utuill lince 

16.51. UmniR Appty R| t < 16.30). 

Sr.r 1."p: Rcquirc ^ ■ l.lü0/ 4 . Since / k > f\ thc tfat wwuW be moving itmjni u* and i- v 0, so v--|>|. 

i -II. - ID m/i 



1-AHiii; / ft / fc -1.100/, grvt» í±f| B fL]ttQ*. SolvingCbr |i| gíve* 

M > 100 > J -'K 0 

1 1 1-rlLlOOr 



-|V| e- 

D950< 2.85 *iq m v 



EVALUATE: -^9.5%, Al2¿= I0<1)%, 1 and ^ arcappn>ximalclyct|ual. 

* A A f A 

16.52. Ideviify: Appty Bq><16.3l). 

Sr.r Up: The Mach number ti thc valu; of t- y where v, ix thc «pecdof ihc Nhutlk and i r i* Ihc *pccd of lound 
at thc altitudc of thc *hultle. 

EXEtirrE: (n) i miüí MnSStr -OKtó. Tbc Mach number ti — ! — -LIS. 

v A y M4S 

v 331 ms m , 

410 Vi — - 390 m * 

tina iin5K r 0" 

(c> — 1 - 1.13. Thc Mach number would be 1.13. img - — - ^ and a- 61.9 a 
v 344 nv* \\ 390 m i 

Evaj.i 'Xft: Thc snallcr thc Mach numlvr. ihe largcr thc anule ii'ib: ihock-wave conc. 

16.53. lot-vim: Appty iiq< 16.31 Hacakulate a. Uic thc mcthixl of lixample 16.20 u> calcúlate r 

Si:rLip: Mach 1.70 mean* v^'r-LTO. 

team I i I .; ■ ■ MK v/i;-l;1.70-O.5Hgand a-areM(0.S8Si-36.O* 

(b}A* in Cumple 16.20, f- (950jn| al23s. 

<KT0M344m,*h MÍ 36.ir)) 

EVaUUTé: Theangle írdccrcaic*^h«< merced v;ofmcp1aiwincrca»cs + 

I6.5J. iDBnuv: Tac ditplaccment ytfj} h pven in Eq(l6JHi>d thc prei»ure vanahon ¡igivcn ¡o Eq^lóJí Thc 

prciMire ™ialK>o ii relatcd to thc diüpUccmcm by Eq.(lcUK 

I!\i:c i Tt: (a) Mathcmaucally. thc wavci givcn by Ecjl 16. I land £q.06.4)arc Mil of phaic. Phv^icjlty. al a 
dt*pLacctncot nodc, ihc air ¿t moit ctrniprcracd of rareñed c« cither «ideof thc nodc^ and ihc nrenure gradicnt ii 
zcro* Thm, di&placcmcnt nodc« are ptenure anlinixlei- 
(b) Thc graphi have thc same Ibrmai in Figure 16.3 tn thc tcxtbook* 

(O p\ - H ' _' Whcn >y ¥.r i vcran x isa tfraighl luic with pouhve ilope* p\xj\ i* conMant and 

dx 

nccjtivc. \Vh;ij vi x,f i verttu < ti a ^trai^tt lioc with nepative ilopc. pix.t) ¡s comlanland pmiti\e. Ihc yiaph of 
p(*,0)i*g¿vcnin Figure 16.54. Thc xlc^w oftlw irraighllii« segmem* Ibr r(x.0) » 1.6x10"*. *o for thc i*ave in 

Figure 16^2 io Ihc tcMbook. p mm H> í/í The .tirmwkidal wave bai amplitud: 

P ^ - - \2 5* Id 'ifl The dtnercncc in thc prcuurc amplituaci U bccauie thc two itx+ft) runction» have 

dilícrent *lopci- 



EVAUUTE: (di t pj i.f |ha* iuljrgc*j mjgnitiwk whcrc iixM haMbc grealcsi *kipc. Tbú iswhere .r(v,J)-0for 
a iinu*otdal wavc but n n ihh m*c in general 



Fine 1654 



16.55. lOEvnrV: The «rond intcniíly levcl i* fl- 110 dB>log(Y// 0 K so ibc same *ound inlcnaly level fi mean» roe 

same ¡nleittity / Tbe inkittity ¡i rctaled lo imvturc a^litudc by Eq.(l6.l3) and lo the diqilacement amoliludeby 

SCf ttí V-344W*. w=ir/. E^ocuvtbighcrcoewip^ifcloadoobl^of fre^eney, *o me nole aung by 
the bai* ha* frcquetkcy 1932 U/i S-U6.5 II/. Leí 1 refer lo ito nole *ung by the soprano and 2 referió mcoolc 
m by the hau. / t = I * 10 '* W.W. 



EXKtt'ii : (n) / & r and -/jgivea = <ne ratiois LOO. 



8.00. 



(*) /?-72.0dBgi>e* 1ogl/>7.)«7.2. — -IO* J nnd 1*1.515*10'* WW. / =^JpB+x* f : A\ 

A» 



2 *f\JpB 2r<932 ll/Hi J(IÍ0kftto'KM2xl0* Pa) 



EVALIUTE: Lven forro» loud nole the dispbcenient ampliludc i* very .tmalL Íitj given intenaity. the 
di*placcment amplitudc depend* on ihc Ircqucncy of Ibc «ound wavc bul Ibc prevture arttpditudc does nol. 
16.54. ÍOEVT1FY: Use Ibc cquaimn* Ihai reíale tntcn«iy level and intcntiiy* mlcmiiy and prenun 
amptitudc and ditplaccmcni jjnplrtudc, and inlentiiy and dútance. 

ÓOStrLtr: Lie the intcasily levcl fl lo calculak / at tht* d¡*tance> /?-(10dB)log4/»7J 
EXEtirTE: 510dB-(10dBjlogt/i<IO " W.W)) 
fafXl/QT* W>W»-5.20 implie* i +13*5*W* W.W 
su l m Tbcnuic F.q.(16.14) tocakuUtc />_ 

Fromllxample 166. /i - 1.20 L$W foraírat 20°C. 

EXEtirTE: p„ - fijñi * ^2(L20 kg''m'X344 m *XL3R5"]G W m ) - 0.01 14 Pa 



(h)SKlLp: Eq.|l6.S>: p €m ~BkA na A~ 

Forair «-142*10* Pa l Examplc 16 h. 

. Iff 2t/ <2rradK5K7tl/} 1( 

EXECUTS: k= — = — í-^- - 0.72ndtai 



1 



v 344 mVi 

oxnura 



7.49-10 J m 



ttx t L 42 ' L 0 P a M 1 0.72 rad mi 
(OStiLP: /A-/f^il0dB)log1/ J <7 | ) (Example 16.11). 

E^1126): Vt H *?'Y so t t /Ít^t¡/9f 

EttCCTC: A-A=00dB|logi í ¡/r i ) J a (20dB|los(í¡/r 1 ). 

A ■ 510 dB and rj ■ 5.00 ni. Tben & ■ 30.0 dB and »e nced to 

52.0 dB - 30.0 dB ■ (20 dOlkifU/; í ) 

220 dB-|20dB)log<í: r ; ) 

k»g(/;. 1 r.)-l.l0 m r. = 12.6^ -63.0 en. 



Lfr-U Chaptrr 16 



EYauiaTE: The acercase ¡n ¡nicnaity leve! correspond* (o a acercase in intcnsity. and thit mean* an úxrca*c in 
dislance- Thc inicnxity Icvel use* a logarilhmic scalc* mí *implc proporcional ity belween i* and ff docsn'f apply* 

16.5?. lot-MiM: Thc sound i* rir*t loud wben thc frequeney /, «f the speaker cqualt the írequeney / L oí thc 

íundamcnial standing wtve for the ga* rn thc tubc . The lube is a sKippcd pipe, and ¡\ - v ■ ^ ^ Tbc sound 

i» next loud when the speaker frequeney cqual* ibe first ovcrlonc ftequeney ft* ihe tubc. 

Suf L t p: A *(oppcd pipe has only ndd harrnonics* so the frequeney of the firsi overtcoe is / - . 



Ib) 



EVAUMTT: (c)Measure f % and¿.Then f é ■ — give* r>4£J 



I f/ 



J6.5*. IDENTIFY: A|« / - — tmd v- J — give* /¡ Apply ¿V ■ 0 to Ihe bar to find (be 

tensión in eaeb wirc. 

Si: i Up: Por V r -0 lake Ib: ptvot al uve .í and let countcrclocfci*i*c torquc« be postlive. The ftec-body 
diagram Ibt the bar is givcn in Figure lo + 5S t Leí L be Ihe length oflhc bar. 
I \h i n : Vr sOgiw F t L-*^OLj4)-w^{Lf2) = Q. 

f* B 3n* iA + w ta /2 = 3<l&5N)/4 + íl65N)>2 = 22IR F ' *■ F ' = w + vr 10 



F. = ML, t^ u -f.- 165 N * 185 N - 221 N - 129 R f tA =- 



■ BS.4Hi 



2V|5»*IO kK¥a7SQ mi 



1221 N 

K\ Al t afu: Thc frequeney ¡nercases when the tensión in the wire inereases 



Pifare 16,5» 

16.59. IDECTIFY: The Hule acti as a stoppcd pipe and its harmonio frcqucncics are gitcn by I'q.i 16 2A> Thc 

írcqucncici of Ihe stringarc f a ■ n/ t . n = 1, 2, 3.», Toe ¿trine, rcsonales wben the slnng frequeney cquaU the ilute 
frequeney* 

SefUp: Fortheslrmg f H - 600.0 I Ir. Forthe flule, Ihe fundamental frequeney is 

f M m-l-= 4^¡Q^ * y " *°° 0 H * Lct "« ^liheharmonicsofthcfluleandlel ^ label the barmonles oflhc 
itring. 

Exccirre: f'ee thc Ilute and stríng to be in resonaoee, n,f tí m *\f k , whece ' lh - 6O0 0 Itzislbe fundamenlal 
ftequene>' for ihe *trmg. it. = U an intcger when %*vVr, A =U 3.5. „.(the Ihitchasooly 

ottd hamnwies). m - 3A T gives n t ■ 4.V 

Flutc harmuoie 3A* resonatci witfa slring harmonic 4jV. = )* 3, 5, .... 

EvaI-I AFt: We can ebeck our rcsulti Ibr somc ipeeifie valúen oí .V For V I. n .. ^ and .*', - 2400 1 1a Fot 
thuW ." i and / fc -240011/. ForjV-3, n, =9 and /„ -7200H/. and n.^U -7200 II/. Our general 
resulls do une cqua) Ireviucnciei Ibr ihe iwoobtecls. 



16.64. Idevtifv: The hamionic* of the srringarc £ » n j-^j* whtrrc / is thc fetigth of the Mríog, The cube b a 

sloppcd pipe and ¡ta standinu wave rrequencie* are givcnby Eq.M6.22). For ihe «trirtg. v= /i. «Itere /"is the 
tensión ni the ttring. 

Si r lp; The leogth ofrae ttnng fe *í* £/ia *o tu thtrd bárranme ha* frequeocy ■ $A-JfJ¿Í. The 
*lopped pipe ha* lcnglh¿* *o il* ftrtf harmon»? ha* frequeocy f**~ ~ 
i \m i ii ij) L . .1.11 y^and / t "*Miduring d * Lf\Q gívet F * 

(b) IT the tcnuon t*doubkd. a II the frequcnciei of Ihe itrinii will mércate by a factor of J3 + In particular» the third 



nie ul the tirmg i*ill no longer be in redorante i*ilh the hrvt harmomc oí the pipe beeausc Ihe frequencic* 
will no lonecr rnaich* m> the *ound ptoduced bv Ihe irutrumcnt will be dirnini&hcd. 

<e) The *tnng will be in rootunce with a ¿tanding wave in ihe pipe xvhcn rheir frequene»?* ate cquaL Usmg 
ff* 4 = 3 . the frequencie* of the pipe are nf?" = lnf¡**"> fwhere it-1. 3, S*...X Seltingthlicqual lo the 

ftcquenciei of ihe *trin|t n/**** the harmonic* of ihe ¿trine are íf' — 3it — J, 9. 15, The nth harmon*? ofthe 
pipe b in rr*onancc with the 3nth harmomc oi the tlring* 

KvAH .\Ji: Each ¿tanding nave for Ihe air coturno i* in resonance with a stand ing wave on the srring. But Ihe 
revene ti oot Inae; oot all standúig ttave* of Ibeitríng are in rc*onancc with a harrnonic of Ihe pipe 

16.61. lofcviiM and S#;r L p: The frequeocy of any hannoníe nan mleger múltiple of Ibc fundamental* For a itoppcd 
pipe only odd harmoruci are prctent* For an opeo pipe, all harmonice ate present* Sce whieh patlem of harmomes 
lll* lo the obtened valúes in order lo determine whtch typcof pipe it U + Thcn solve Ibr the fundamental írequeney 
and reíale that (o ihe Icncth of ihe pape. 

Exjxi TF-: W For an open pipe the succchívc harrnonic* are t\ - a - 1. 2. 3, .... For a *toppcd pipe the 
*uccc**ivc hamion¡c*arc f M - I. 3, 5, .... If the pipe i* open and thc*e harrnonic* are ¿ucccurvc, then 

£=n/ ( i 1372 I!/ jod /_ ( = (»+D/ ( -l764N/. Subtraet the firti equation from the %econd 

i**\)f t -nf t = I764H/-I372 11/ Thü gira /»392 \U Thcn n 1— Ü!i- 3 5 Bul # rmut be an integcr. m 

392 llí 

the pipe can't be open. If the pipe Uitopped and thete harmoniei are *ucce*3ive* dien f*-nf t - 1372 I)/ and 
/, r . ±(u + 2)Vt ■ 1764 I)/ (in ihi* case meceuive harmoniei difler in a by 2% Subtracúng one equation Irom the 
olbergive» 2f t -392 Ib and /, - 196 Ib Iben it -1372 =7 so 1372 Hx-7/¡ and 1764lt/-9/ r The 

solution g»ve% inlegcr n a> it ihould; the pipe t* itoppcd 
(h) I rom part (a) ihcte are the 7lh and 9th harmon»ct + 
<c> Frompania) / t -196lb: 

Foratíoppedptpe and ¿ = — - 344 m% =0.439 m. 

u » i 1 *~ y * 4£ ^ *l96lb;l 

EvaUíaTE: 1l Íx cixenlial toknow that iheic are Mteeei»Í ve harmonice and toreali/e thal 1372 11/ ti oot the 
lundamental. Títere are other kmer frequeney standing wavci; theie are jum two lueeestivc one*. 

16.62. IDEOTIFY: The sieel rod ha%%tanding waves mueh hke a pipe openat both entb. xinee Iheendxare both ditplacenum 

anrmodei An integral nurnber of hairwavelengthi muxi fu on the rod ihat h\ f m ■ — . mth n - L 2. 3, .... 
SKTllR Table v- 5941 m* for longitudinal wave* in rtcel 

I Aiei-Ft; (u) Theendx ufthe rod are anlinode« beeau&e the ends of Ihe rodare free lo oncillale. 

(b) The fiindamenial can be produeed i*4>cn the rod it held al the rniddle beeausc a nod? t* located there. 

^^ ('H^im;,) ^^^ 

(d)Thenext hatmonie i* ft-2, atf. -3961 II/. We would oeed to bold rhe rod al an ir «2 node. whkh ú hn:ated 
ai L/4~ 0.375 m fromeitberend. 

EVaUiaTE: Forihe l.50m Umgrod the wa\elength of the fundamenul i% x-2L- 3.00 rrw Tbenodcto 
antmode ditíance it /..4-0 + 75m + For the xccond hamionie Á - L -1.50 rn and Ihe node toanbnodc diMance ti 
0.375 ra There t* a node at the rniddle of the rod. bul fbrcmg a node at 0.375 m frorn one end. by holding Ihe rod 
títere, prevenid rod frtHn vibratirtg in the lundamental . 
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16.63. iDBflIPK Thr iJjowct oiU ¿.m tv modckd as a ppc ckrccd al hoth cnds* and henee Ihc re are nodcs al thc two 
end walls. Figure* 1 5.23 ¡n Ihc lexibook shows *landing waves on a wing fixcd al both ends bul thc sequence oí 
harmonics is thc same* namcly thal an integral number of half uavclcnglhs mwl fil in thc stall. 

Su l p: Tbc firtf threc normal rnodes correspond lo one half, rwohalves or ihrcc hahesof a wavdcnfjth aking 
(he Icngthof thc air column. 

ExCCirTC: (■> The condition for sunikng «aves u /, * so roe first three raaimontc* are for * - L 2. 3. 
<W A particular phy^ic*^ and i^M4 m/*giv** 

rc*manl Irequcricics 1 16 Ha 232 11/ and 349 Ib 

Noto thai thc rundimcntal and tccixtd harmonic, uhich would have ihc greatcsi amplrtudc* are frequencics 
typieally in Ibc normal tange of malesingcrs. Henee* mendo suic bcitc? in ihcsbower! <For a further discussion of 
resonance and ihc human yuícc. scc Thoma* D. Ro*»¡ng. Thf Sciftic* ofSaurtd. Sccond üdillon* Addison-Wcsley* 
19°X>. etpccially Chaplcr* 4 and 17.) 

fcvAi i afk: Thc siandintMvavc frequencics for a pipe elosed al both ends are ihc sanie as Ibr an «toen pipe of thc 
same lengih* cven thou^th ihc nodal pnttcnvs are difrereni- 

16.64. iDfCTIIY: Stressis FfA+ wbere Fi* thc tensión in thc slring and A is ilscross «xtionalam 

SETÜP: A mxi*. For a ftlríng llxed al each end, f t - -L=-L^^¿ 

Ewxvjez (n) Thc cross-scelion arca of thc slring wouldbc A » (900 N);(?0* 10' Pa)-1.29*l0* m\ 
corresponding to a radius of 0.M0 mm. The length w thc volunte divtdcd by thc área, and me volume is 

V*mtp t » 

A A (7-RkIO' kgt'm'Ml 29*10* orí 

(h) For thc máximum IcmionofQOON. f k ~— | ' -37511a or 380 11/ to two figures 

A 2 V {4.00x10 knJ((J.«m) ^ * 



E VALIATE: ThcMringcouklbeihitfieTand thicker. Ashortcr string of ihc same mat% uould ha\-c a hi|.rhcr 
lundamcnia) frequettey 

16.65. lot-vrm and St:r L'p: Thete i* a nodc at ihe pistón* so Ihe dastance Ihc pintón moves b me nodc to nodc 
disiancc* A 2. Use Fq f 151 1 toeakulate i and Eq.(l6.l0j lo calcúlate y íhtroi 

I \n i 1 1 : i 2^375 cm, to A * 2(37.5 cm>- 75.0 cm- 0.750 m. 
v- /i- (500 H/X0J50m)> 375 m* 

ih} v = JyRfTJi (Eq.16.10) 

_ (28.8^10 kg moH(375 m T »)' ^ 1 ^ 

(t} EVALi'ATE: Thcre ix a nooe al thc pi&ion «o when thc pifión U IK.0 cm from thc onenend ihc nodc « incide 
thc pine + IS.Ocm from Ihc open end. The nodc lo antinodc d»lance a A'4~ IS.S cm* so Ihe antinode ¡*0K cm 
hcyond thc «toen end of thc pipe. 

Thc valué of y wc caknlatcd agrcci with thc valué un en Ibr air in l:\amplc 16.5. 

16.66. iDDflim Model thc auditor)^ canal as a slopped pipe with Icngm2.5crn. 
Skf t'P: Thc frequencics of a *tioppcd pipe are cjvcn hy Eq.(16-22>. 

EHCUTSS (ti)Therrequcnc> of Ihe fundamenlal w /, *ií4Í = (3« m 1 *)/ (0(0.025 m)|-34401tA 350011/ b 
ncar ihe retonant frequeney* and thc car will be scn*ili>c to thu frequeney. 

(h) The next rctonant frequeney would he 3/ - 10.500 11/ and ihc car wouW be sensilivc lo «oundN i*iih 

frequencics cióse lo ih¡* >aluc. Dui 7000 11/ b nol a resonanl Irequcncy for astoppcd pipe and Ihe car b nol 
sensitiva at thn frequeney. 

EVAUUTE: For a stopped pipe only odd harmon»cs are present. 

16.67. |pfAiif\: The tuninij fork frequencics that will caunc Ihb lo happen are ihe sianding iva ve rrequencics of ihc 



2L iAmL 



A ire. For a wire of ma*s m. length L and wiih icnsion r Ihc fundamental frequeney n j — 

tundmg wave frcqucnoei are - nf , n-U 2, 3, ... 

Lip: F*Mg+ where \t - 0.420 kg. The mass of me i*ire is w - f& = plxd* .' 4. u hcrerfi* Ihe 



Eocun. (■> / - JZI - BI - f ' 4M 0 - 10 *** 9M l "- V ' - - 77.1 it_ 
\ . \ - ; 1Jt(225»I0* m>-(0.45 mV<2l.4»10 k kg/m') 

Thc tuninc fork frequencics for ^vhich thc Ibrk would víbrale are m*c_fcr múltiples of 77.3 II/. 



Sjli[-*1uxIHc*iiih,- 16-17 



Kvah m i : (b) The ralio m/A/ ^ *>* |ü \ so the tcn*¡on doc* not \ary apprcciably alonu ihe smngduc lo Ibc 

ma» of Ibc wire. Abo» thc ¿uipcndcd mat% h as a Urge inertia competed to thc maxs of Ihc vtire and umimíng th ai 
il ¡i stationary t% an cxcclkni ar>proximation. 

16*63. lo&vnfY: Fora siopped pipe ihc frequeney of Ihc fundamental i* f¡ ■ — . Thc *pccd of sound in air depends on 

tcmpcraiurc. a* sho*n by EqílóTOl 

Si:r l>: Cumple 16.5 *howi thal ihc speed of sound in air at 20 C i* 144 ms. 

EJDKims fu) £ - — - ^ 0.246 m 

4/ 4(349 Ib) 

(b) Thc frcqucncy will be proportional to ihc speed* and henee lo Ihc squarc root oí thc Kelvín (cmpcraiurc. Thc 
tcmpcraiurc neccraary lo have thc frcqucncy r« higher U (293,15 K)(|370 ll/].|349 lis])* = 329.5 K, wUchui 
56.3'C. 

Evau \n; 56 * ( - 1 33 I' t *o ibis extreme risc in pitch won't oceur in praclical situationi Huí changci in 
tcmpcraiurc can bave noliccahlc cllccti on thc pitch of thc organ notes. 

16.69. IDEVTOY: v= fA. v*^jL. Solve for 7. 

SkfUP: Tbe wavclcngth ¡* iwice thc separarkm of thc noeles, so -í = 21, nbere ¿-0.2fl0m. 

Exfxiti:: vmXfm 2L) m ¡L , Sotvñg for r, 

r«-íi(2£tf- 06-0x10 ' lymoft (2l0aWraXII 00HzJ)'-l^. 

W (8J145 J;rool*Kj<293.l5Kr 

EvaUíaTE: Thls valúe of ^ i* xmallcr iban ihai of air. Wc will %ec üi Ctapier 19 thal lh¡* vahic of y U a typical 
valúe fot potyalomie gasc*. 

16.70. Id*-n iim: DcMrwtive inlerfcrcnec oceurs when ibc puth differenec u a half'intcgcr number of Víavrfcngth*. 
Con*iruci¡ve inlerfcrcnec oceurs when thc path differenec is an inicgcr number of wavclcngth*. 

/ 7S4lb 

Exixi Ft; (u) If ihc icparation of ibc tpeakers isdcnoicd A„ Ine eondition Ibr átalnxtive inlerfcrcnec is 
Jx^TJ? ■ /í>í, where /í ii an odd múltiple of onc-half Adding v 10 bomside*, squaring, cancebng Ine t* 

terro from both éém and »lving for < givA x - -í— - —Á. Uiing D.439 mand h - 2.00 myiehk 9.01 m 

2flÁ 2 

for fi --y. 2.71 01 foc ff-j+ i 27 m for >7*t. 0.53 m for fi m j^ and 0.026 m Ibr 0 m j* Theieare tbeonly 
allowablc valuc% of ff inat givv positix'C wluiions for v 

(b) Rcpeaiing ihe abow for integral valúes of Jf, construetí^ interferenee oceurs at 434 ra* 1,84 m, 0.S6 nv 
0.26 rn. Mote ihat thc*c are bciwccn. but nol nud^-ay bctvrccn* Ihc ansien 10 part (1). 

<t} If A - there wíll be deilructi^ inlerfcrcnec at ipeaker If lf2 >K Ine path differenec can neverbe a* 
largeas A/2. fThis iialsoobumedfrorn thc abo^c exprentan for r, wim < i*;mJ ; : - ■ Tbc mimmum 
freejueney is then n r^^i^+O m) -86 H/* 

EvAJXAft: %ncn/ incrcascíL k is snudlcr and there are more occurrcncc* of pointi of construcbvc and 
dcstruciivc intcrlcrcTkoc» 

16.71. iDEvnn: Apply/.^íll^^ 



Up: Toe positive dtreciion t* Irom Ihc httener to thc source. ta) Tbc wall u thc hKicner. \\ — -30 ni i 
' h ,!/ i:) - L l " ■' ■■ llL ' ' : " í -' tJI lN ÍÍK li«cncr. 1. - ti. v, =*30rtvV /^ióOOll/- 

- . fv+v, V /344m*t30ro*\ ... „ tl 

|b> / 4 = L <600llz)^652ilz 

\v + v % \ \ 344 nv* / 

EvaLitaTE: Sincc Ihc «inger and wall are nioving tottard cach orher Ine frequeney rcccrvcd by ine valí rt greater 
iKin ihc fteuucnev *unw by thc soprano, and ihc freuuency shc hcars from thc rellceicd sound is brger Mili. 
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16.72. iDCvnn: Appty f k a |21_1Lj^. Thc «all hr*t *cu a* a lUicncr and ihcti a* a lourcc 

Si: r t'P: The pcninvc dircelion i* (rom líitcncr to sourec. The bal U maving loward ihc wall so thc Dopplcr cíTcd 
fileteases ihc frcuucncy and ihc final frequeney rcecived* U greater (han thc original sourec frequeney. / tl . 

EXXC1TTE: Thc wall rcc«vc*thettHind: f % *f u - / L */ ir ^-v u And v, -0. / t give* 
/¿j»| ^ * J/ tr The wall morim thc sound: Jb v A* «id v t - i-v^. 

I í> \\ \ \\ \ : / ü <*V\ *o we can i*riie our result n ihc approximatc bul aecurate expresión £tf =t \f+ 

16.73. lot-MlFl' and S»1F t'P: Use (3qfl6.l2}far thc intcnsíl) 4 and E<| .H6 Mito relate ihc inlcniity and piCMtirc 

amplitude* 

EXECirrt: (a) llicampIrtudcorthcosctlLaiKm*)* ¿UT. 
ib) r-flífl 1 )-!»'^^^ 

Kt JT2t/ 
Bul \ *ovJpT5 = \ so A-iñtdyAR. 

EVAUUTE: Thc prcuurc anwliiudc and dispbccmcnt amnlitale fallofTIikc l/rf and thc inlcnsily likc N'. 



Iiusnn: Appty / t = I ^ Thc hcatt wall ñnl act* a* thc listener and then o thc sourec. 

Si r L'P: Thc nositive direction i* from listener to sourec* Thc hcan wall is rnoYing ttn*ard thc recciver so Ihc 
Doppto cllcct incrcasc* ihc Ircqucncv and thc final Irequcncy reccived. J¡j, b grcaicr than ihc sourec frequeney* 

I-'\mim: Ileon wall reccives thc sound: f» m Át A - Av >i e ^ r, =-1^ /, = -Lili. /. gira 
/ 1( *JlI^ij/ H . Jle«1waJlciwi»ibe*m^ / B »/ u . ******* ^=0. 

EvauiaTE: / 4 j = 2.00x|f/ Ifcr and fu-fa "85 Hx, so ihc approxinution wc made i* vay accumtc. Wilhio 

ihw apptmimatiun. thc frequeney cblVcrcncc bctwccn thc rcllccicd and tran*m(ltcd waves t% dircctly proponloiul 
lo ihc sneed ofthe hcari wall. 



16.75. . . Ji i s ii : taISm Vr: tic Eq + ( 15.1) lo calcúlale A 
Kuíin: -i - — ■ -0.0674 m 

/ 22.0*1 Pife 

fl>) IDCCTIFV: AppJy (he Dopplcr cllcct cauaikm* Elqi 16 29) h Thc Problem -Sotving Straicgy in (he text (Scciion 

16.8) ctacribe* bnw lo ¿íi> lh¡* proMcm fhe rrccjucncy oí thc dircctly radiatcd tvavc& h f % - 21000 II*. The 

moving xvhak firsi pla>* thc role oía moving listcncr, recetving uave* wiih frequeney f¿. Thc uhale tlvn acu a* 
j moving lourcc* cmitling watts whh ibc orar frequeney, f¿ ■ / t T wiih wbich Ibcy ire recetved. Lct ibc «peed of 
(hewhakbe v % . 



SEYlte 



(Kigure 16,75a) 

w 



l' itcun I6l75« 

SKF Up: whalc re-emú* thc u-avci <f iuurc I6.75bl 



EXALTE: v, =+v 



i- 



■ 



^7 



Pitpit 16.75b 



Exekvie: r. 



y ■ v., 



-2(220x10* |faM4,95nrt| 
1482 mi -4.95 ms 

EVALUATE: Litfcncr and mhjtcc ore movmu loward ejeh other *o frequeney is ra.*cd< 



16.76. lot-vim: Apply thc DopplcrcITcct formula / ■ 



J/¿. In 



:rom thc liitcncr. wilh máximum 



loward and away 



Si: r Uvi Tbc dircction Irom Intcncr lo sourec U positive. 

EXF.CL'TE: tu) The máximum vclociiy oí thc *ircn i* - 2t;*f,,1 t . You he» a sound wiih frequeney 

/«—-/_ ifl.r*l*fA)- 

(b) The máximum (mínimum] frequeney is heard wbm thc plailbrm n paumg ihrough cquilibrium and moving up 
(dom). 

EVALUATE: Whcn the ptatform ct moving upivard ihc frequeney you bou ¡» grcalcr than f Km and tvhco ii b 

moving dwnward ihc ftequeney you bcax t* le» than / aH Whcn ihe nlatfi^m ii at it» máximum dispbccmcnt 

Irom equilibnum n*. ipeed a ¿croind the lrequcnc\' you hcartc V^»- 

16.77. locvnrt : Follow thc method of l^ample 16*19 and apply the Dopplcr miíH formula twicc. once with the infecí 
a» the linenct and agam with the infecí a» Ibe source* 

Si:f L t p: Lct he thc speed ofthe bal. v_^ t bcibctpcedoriheimccLand / be the Irequcne)' wilh wbicb ibe 

sixtnd bolh ntike and are relleeied ftom thc insect. Thc poiilivc dircelíon in cach afif4icaiion ofthe Doppfcr 

Mft fbrmuui i* Irom the I («tener to thc ¡tourec. 
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t*\j:( t Th: Thc frcqucncic* al wh^h the bal ¡tctuU aml rcecive* thc signáis are relatad by 



A-/ 



Sol vine for v^ ( , 



l.citing y¡ - / i4 and A " A* í*'** ,hc ■"**. 

<b>lf A* ^WHIcIfa. ¿-tUUb;^ v M 0.9m/i, iheti -M m/*. 
EVALUATE: > y w bcc«i« thc bal and infecí are approaching cach other. 
16,78. IDEVTIFY: Follow thc *tcp* specífted in thc problcm. r b po&ili>c when ibciourcc b movinu jwjv from the 
rcccivcr and vb ncgalivc xvhco ibc *otirec ti moving towjod thc receiver* |' - í k | b ibc hcal frequeney. 

Si.f Up: Tbciourcc and rcccivcr are jpproAching^ so /. > Á nnd /. ~ í - 46.0 Ha 



i;\i:c iTt; (a) /, ^ 




(b) For onall x, thc binomal theorem <*cc Appcndix B)grvc* (I *1- t/Z (l*x) ^* » I - r/2. Tberelbrc 

/ 4 9 Af ' ~^r) * ^*(^"~)* where thc buwrnial Ibcortm ha» been u*cd to appaxximalc (I -*y2} J mi— x. 
{<} For an ¿urptanc. thc approxKnation i'*r b ctrtainly valid. Soking ihccxprc*non found in pan tb} for v, 

A A '2.43*10' llx ' ^ 

EVALUaTE: llic approx ¡maltón v4£c » *ccn to be vaüd * b nc^ativc tveauu* iltc sourec and rcccivcrarc 

A/ 

jpproarhmtí. Smcc v **: <\ ibc (Vacilona! *hift in froaume y* — . b very small. 



16.79. Id*~n iui: Apply thc resuh denved in part ib) of Problcm 16.7K. Thc radiui of Ibc ncbuU b /¡ - vi. uHcre f i* 
thc time %incc ibc «upernova cxpituMn. 

Sur Up: Whcn thc Mtutcc and rcccivcr are mir\ inv to^ifd cach oihcr, v U ocgaúvc and / ft > ^. Thc tighl from 
tltc c.vpkiMt») reached canh 952 ycant ago + «* thal ih Ibc arrxiuni of lime ihc ncbuU hai expanded 
1 ry-i946x|iy* ra 

I \k i fe: (■> y*c ^* c(3 I rj* rq/g> ~° ^ I R j< I D 11/ ^_ ^ lym/^ with thc irania *ign indiaing 

4 + 56Kxl0 11/ 

(hat Ibc ga» b approaching Ibc cano, u% h cxpcctcd iince f % > f v 
<b)Thcradiwn 1^52 yr)i3J5ó* 10 *fy¿ft£x\lt m;s|.V^!0 m-lSly 

(c)Thc mío of thc widib of thc ncbula to 2r timc% ibcdUtancc from thc carth ü thc ratioof thc angutar width 
itakcn&i 5 are minuten) lo an cnlirc cuvtc + «fticb b 60*3ÓOaa: minutes Thc dhlance lo Ibc ncbuLi U ihcn 

2(3 .75 k / 60 "*** 1 " _5 : , io' i v Thc time ii takc» hubt to travcl ihiidpUnccüt 5200 >r*«oibc explosión 



ictuatly look place 5200 vr before 1054 CU, oraboui 4100 B.C.E 



EvajaaFE: 

í 



4.0*10 *, xocven thougb |v| b vecy Urge Ibc approxirmlion rcquircd fbr v±r— 



16.80. iDEvnn aiHlS»;rL'P: Uwe Cqi 16.30) Ihoidncribct thc Dopplcr cffccl for ckctromagikclic waves. v*. . so 
thctimptificd (brmdcrivcd in Pro He id 16.7**4» can be uicd. 
(*)t\KL7i: FromProblcm I6.78K / R =^(l-v/r). 

v b ncgdtivc nnce the mtutcc n Approachine: 
v--(42.0kmihHI000m. l km«1 h'3600 *)- -l 1.67 m>* 

Arx>roaelunff mcam that Ibc frequeney b íncrcahcd. 



| -lUlBOO^iO* nj, -".67 
el [ UDxUfnAi 



(h) F\ vil \ít : Anp:o.i.-hi:iy. *o \h¿ t- ir.vrcuwvl. \ i x\¿ thf re f*>rt* V >. J . IW Ejvqimc] OÍ 

thc wave* rcccived and rcflccicd by thc water ix very cloxc to 2HS0 MJU, so gct an adininmal ihift of 109 11/ and 
tbe total sltirt in frequeney ix 2(109 II/) -218 H* 

16,81, lot.MiM: Follow thc oiclbod of Fxamplc 16,19 and apply Ihc Donolct shift formula tu-icc. «txc for thc wall ax 
a lixlci>cr and tHcn again tvith thc wall as a sourec, 

Sur Up: In cach anolication of ibc Donplcr formula, thc no*¡livc direction » from thc lixlcner lo Ihe sourec 

EXEC i tí.: (u) Thc nall wíU rcccivc and rclkei pubexal a Ircqucncx 1 íj, jad tbe woman w ill hcar ibis 

v-v. 

rcíkctcd wave ai a frequeney =Ü2k/ # , Tbe beal freqüeocy ü / w Ljgf^S-l 

v v-v. v-v m l v-v, / ^V-v. J 

(b) In thix case, thc sound reflecte*! from ihc wall will have a luwer frequeney* and uxing /ji-vj ii^ii as thc 
deiccted miqueney. v„ » rcplaced by in ihc calcularon of pan (aiand fl„ ■ Jif |">*f «^lA 
EVAUrATE: Thc bcat frcquency i* laruer uhen d»c rom toward Ihc wúU «ven though heripeedii tr 



16,82, lot-MlH andStlf L'P: Use Fig (l6 37) lo reíale ti and T, 
Use thü in I qi 16. M ) lo elimínate sitia. 

EXEtUTE: Eq,(l6,31); rine¿Vi'v y From Fig.16,37 tuffiA/i^T. And cano - %ma - ■ " n " 



C onwnint! thexc cauattont wc gct — = — 



í * 7-7r7F 

v^ a i ^ as wa* lo be *hown* 

EVALUaTE: For a givcn A t (he fasier thc speed i, i t ihc phne 4 thc greatcrU ihc oclay Unte T Tlx nu\iniu:i: 
dclaybmci* and rappcoaehc* ihi« valué m r-tOnv^v v 
16,83, Ide.n i\y\i Thc ohasc of Ihe wjvc ¡s detemuned b> ihe valúe of j— itf, mi r ¡ncreasing » equi\alcni to.v 
dccrctttuig with / conitanl. Ihc prenure lluetuaiion and d»placcmenl are rclaled b\ L í*j * 

SE Y UP: j i i,í i - -^J/t(í,í ií/v. Ef /H.i ( fi venus» x \% a *tra¡ghl line, then y{xj)Ycn*i*x \% a parábola. Forair, 
Fxicin : (ti) The grapb s^kclcbed in Figure l6.R3a. 

(1» From Eq,(l6^) 4 Ihe function that has thc given p(x, Q) *t-Q h gh en grapbkally ¡n Figure I6,83b> Faeh 
%eelion t% a parábola, nol a portion of a &inc curve, The period U ^/i h *<0,20Dn))/(344 m \) ■? KI--T0 4 xandthe 
amptitudc i* equal lo ihearea under thcp versu* « curve betwcen \ - í* aodx - 0.0500 oí dívided by 8* or 
7,04*lO ft cn, 

(c) AMuminL* a uave moving in Ihe +j ^direction, >i.0, f) tías shonn in Figure 16.8 Je. 

(d) The máximum vclociiy ofa paniele oeeursuhefi a partícte \% mov ing Ihroueh ihe orígin» and thc partiele «peed 
i% v. ■ ~ ■ The máximum vetacity ix found Irom ihe máximum pretsure, and 

v* tiu -(40 Pa)(344 mxl íl .42* 10^ Pal = 9,69 crn'x, The máximum aeeclcraiion ix thc máximum presture gradwnl 
divíded by thc dcnxitv. 



i! :0 ky w 'i 



(e)Thc speaker conc move* wiih ihe displaccmeni as Ibund in part (e ' Ihe speaker conc altcmatct beoxecn nvning 
Ibrward and baekwaid with constant magmiudc of accelcration <but ehanging signl The aceeicration ax a funelion 
ai lime ix a xquarc wave wíth amplitud; 667 m í and frcuuency / = \'Á -<344 m 's l <0,200ml - L72 k)U. 
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EVAUUTE: Wc can vcnfy dial /p| i. f j wreii* .y ha* a 

vcrsin \ . The same i* abo truc oflhc uniph* versu* j* 



to thc slopc af thc uraph of rt*. i) 




r<ti 



loEVTIfY: Al a ditfancc r from a powi lourrc *iih powcr outpm p. J 



P 



(10dB»M(/ /.) Fortwo 



teurce* thc antpl itudc* are c&mbíned accordwi? lo thc phaic dilTcrcnec» 

Sr.r le: Thc atnphtudc U proportional to thc xquare roo* oflhc intenaity. Taking ibc «peed of found lo be 
344 m/* Ibc wavelcngih of thc mvei etiüited by cach speaker U 2.00 m 

l*\*:ci rt: (a}i\iinl C b twowavckttgih:t from speaker ^ and onc and onc»half ftum speaker and *o thc 
phu&c dilTereoce b ISO' - x rad 

|b>J' = — f-- - r = 3.9*xW W/m 1 and ihc *ixind micruiiy Icvclb 

4jrr J 4*(400 mY 

OOdB>1üg(3.9H*i0*>-66 + OdB Rcpc*l*ig with / l .600x10* W wujV - 3 00 m givei 
/=SJUIÜ ' W/nfmd tf-S7,2dD + 



(c) nilh ihe rc-suJl of part la l* thc amplitudes, cilhcr dripbccmcni or prcuure. mnirt Ix *ufriractcd> That i*, thc 
mtcUMiy u found by taking the squ&rc rool* of thc interna itcs found m pan *b>, subtractinjr, and squ&ring thc 
dilTcrence The rcinli i* itut .' I al ■ 1 1 tt m J and /T-62J dB 
Eyaii afk: Subiruciing ihc iniem ¿tic* oH and <ff gives 

3.98x10'* W/m a -5Jlxl0 _1 W.W =3,45*10* ftW. Thb i« very difterer* from the corrcel intcroúlY al C. 
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I7.L IHCTIIY oodScr UP: 7¡ m %T c +32°. 

EXIGUTE: (a) 7; ^ <9.¡5X -61 H) + 32— -81 XVF 
(b| 7", -<9/5X56.7)t32 = l34.rF 

EVALUATE: Fahrcnhcit ocgrcc-i a» Miwtlcr than Cdrim ilcgrces. *o il takc* mote F" Iban C lo exprés* Ib: 



17.2, iPiN nn and Ser L'p: 7" f =¿(7", -32 fl ) 

EXiftft: (■> T t -<5 9K*I 0-32)-5.O*C 
fl»> 7; = (5.^KI07-32>-4I.T*C 
<c> Q = (WK- IB -32)- -27.FC 

EvaI-I AFt: Fahrcnheii demos are irnaller ib» CcUiu* decrece 10 ¡t lakc* morí F* than C t« exprcra thc 
diñerenecof a temperatura (rom ibc ice potnt 
17 J. Idcviify: Conven cach tetnperature ftoro e C 10 '}\ 

bKOR) l*fC ..¡ ■■■■■ ±(18V J2°-64 Q Fand WC equalt £139*)* 32** 1C2 4 F. Thc lemperature ini 
102 J F-64 i F = 38 F\ 

EVALUATE: Thc tempcratire merca* i» 21 C\ ¿nd tht* corrctpondi to (21 C*l^lJ^J- 38 F*. 

17.4* loEVTIFY: Conven AT-IOK lo F\ 
SETUP: IKalC**¡P. 

FXíXirE; A icmpcraUirc incrctucof 10 K corresponda toan marcase uf IX l \ Dcakcr B hai thc bigher 



17.5* iDEVtirV: Conven Afín kclvini 10C* and u>F°. 

ExutirTE: (a) A7¡ -$ÁT f = £|-10.0C*)--IR.O P 
<b> &Tt -ATi --HK0C* 

Eyaia afe: Kclvin and CcImu* úc^recs are thc sime s¡xc. Fahrenhcii decrecí are ¿malkr* vo it takci more oí them 
tocxrtfcs* a givcn AT* valué, 
I7.t iDCVtirV: Conten Af bctwccn dilVcrent «calc*. 

SETUP: Ar¡«ibciarnconthcCcU¡wandKelvinscalc« IROI^-IOOC*. «o ie°=¿F*. 







EVALUATE: Thc rnagniuiuc of ihc temperature 
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17.7- iDEvnrV: Coovcrt rin-Xto^F, 
SKTIJK 7" ( »í<r c +32*) 

I \n i n : i .i ) T t -}<4fc2")+tt*-l»44*F. Ye*, vxw ihouU be 
<b> T, -$<&+33Vt< i2 *C>+ 32* = 54*F. 

EvaUiaTE: )n domg Ihc Ictnpcraturc conversión accouni Ibt boih ihc *i/c of thc dcgrec* and ihc ditlcrcnl 
/ero point* on ihc i*o tcmpcraturc icalcv 
I7A Id&vTifY: Sd T c -7J and 7| - 7^. 

skvük r,»T r < +32*0 »d t k -r t +273.15 = ¿<j;-32V273.i5 

I \m i M: (■> T ( -T ( =7" gnc* T = ^r» 32* and T = -40*: -40*C = -40*F. 

<b) f t = T K *T givcs r = £(r-32*)*273.l5nnd r = ^-(í)(32*) + 273.IS)-S7S*; 575*F-575K 

EVALUATE: Since 7" 4 = J¡ + 273.15 thcre ta mncinpcraiurc ai xvhkh Cebiuiand Kclvin iricrmomcter* agrcc. 
17.9. loEVTIFY: Conven lo ihcCcUius wik and (Hcn to thc Kclvin *calc> 
SO I y ' i , 2> and Lq.il 7.3). 7" fc «fti; -12*) + 273.IS. 

ExEtirFE: Sututitutioo of thc giren Fahrcnhcil lempcraiurc* givc* 
(l)2l(5K 
<b) 325.9 K 
m 205.4 K 

EvaUíaTE: All (empetatara on thc Kcl™ *calc are poritivc. 

17.10. iDtMiñ: Coovcrt T K to K and Ihcn conven í to 7). 

SKtUft r R - JJ + 273. 1 5 and T ( = * 32*. 

IAuiii: (■) T ( = 400 - 273.15 = 127^. T t = ,9/5)1126 H5)*32 = 260°F 

ib) T t =95-273.15 = -J7» í C, T, = (9>5)í-l7H.15) + 32 = -2R9 , F 

(c> 7; = 1.55* I0 ? -273.15 = 1.55*10^. T t «(9/51(1.55* IOJf32 = 2.79xlO Tt F 

EVamaFe: All (cmpcratarci on ihc Kclvmicalc areporitive. 7", ta negalive if ihc lempira ture u bclow ihc 
Ircc/ing point of waicr. 

17.11. IDEVTIFY: Coovcrt 7; lo j; and thcn conven T K to 7 K . 

scrur: r ( =;í?;-32*). i;-r c +mil 

ExccirrE: (■> T c - ¿(-346* - 32*) - -2 1 0*C 
<b) r fc = -210**273.15 = 63 K 

EYaUiaTE: The leinpcrattire ta negalive on (he CcUius and rahrenncil «cales bul all icmpcraiurei are pottilive on 
thc Kclvin icalc 
¡7.12. lotA llf\: Apply Eq><17.5) and *olvc fot/*. 
SeF UP: />,^ -325 mmofmcrcury 



frAM lll: 



P- (325.0 mm .iii.:a::\ u ^-^¡ - u 1 nvn ofmercury 



Ev aiiafe: mm of mercury ta a unii of prcuurc- Sincc Eql 1 7,5) involrei a ratio ol piomhcs it ta nol nccci&ir\ 
to contri thc nrcivurc lo unit* of Pa. 

17.13. loEVTIFY: Whcn thc voiumc ta cunitant — - — . íbr Tin kcl viro. 

Si:f Lip: 1^, «273.16 K. Figiuv 17.7 tn thc icxtbook give* ihat ihc icmpcmtutc al which CO. ^obdiñe» ta 
r <fi . «195 K- 



EVauiaFE: Thc ptcuurc dcctcaic^ wltcn rd^tcaM-t. 
I7J4* iDBnnv: I K-IC^ aod IC* = ;F*. «o ÍK-^R*. 

Si:f I'p: On ihc Kclvin s^lc. thc triple poinl ta 273.16 K. 
EXCCITTE: r [í## -í9.5)273.16IC = 49l í 69 rí R. 

EvaUtaTE: Onc cixild atao k»ok at Figure 17.7 in thc Icxibook and nolc that ihc Fahrcnhcit wak extendí frwrn 
-Wrrio *32"F and conelude ibal thc triple poinl ta abwil 492' R. 
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17.15. locvnrv and Ser L'P: Fil ihedau lo a ¡traighl Une for p(T\ and u*c thii cquation lo find 7"whcn p-0< 
txíti te; (a) (fine prevturc varíe» lincarly wiih lemperaturc. (hen />> ■ p, t y%r. - T, i 

r,-?; ioo ; c-o,oi*c 

Apply p^í;(r-i;i wiih í - 0,01 (' and p - 0 loiolve tbr T. 

* ^ ITOPjvC 1 
(b) l.el 7" km.-'i' and / -0.01 °C; utcEq4l7.4)ii>calculate j\. EqX 17.4) uve TJT.-p^, wben rixinfcelvmv 

^-4^1=6.50x10* Pají^pÍ2ÍÍlj- J Pa; thi*diilén frorn me «0x10* Pa Iba* «as meaiured 

*o IZq4l7,4) ti oot prccUely obeyed 

EVALUATE: The answer k> pan U) ¡i ¡n rcj^fiahfc agreemeni with the acccptcd valúe of -273*C 
l?J6. iDfcvnrv; Apply AV. -ahAT andcaleuUlc Af Then JJ "ÍJ+AT, wílfa J>15.5*C. 

SCT n Table 17.1 gtvet a * 12 x 10 * (CV for «ecl. 

Exicims ¿r ^ ^1 ^ 0 471 n ^ 23¿ c d . r * im*c* 23.5 c 5 * 3M°c 

(1.2x10 * (O ](I67| fl] 
EvaLUaTE: Since then (he lengita enter in the rano A¿ £ 1 . wr can leave the lengihi in IV 
I7J7* lotvnn : M - ¿/jar 

SnDR For*icel, «-1.2*10 * (C)" 1 

Iamui: A¿«0.2«IO- t (Cn''K14IOiQX».a > C-(-5.0T))«-tOJ9m 

EVaJaiaFE: Tnc knuth mercases wbct\ ihe tetnperature iiwrva.scv The fraciHinal incitase t% very smalL ¿ince 



17.18. IdevTOY: Apply I - t.<l *a&T) lo Ihe diameier ir of the rivet 

Stí Vfi roraluminum. ít-2.4* 10 * (C) '. Lrt <be ihcdumctcr ai -78JTC andJbe ihe diameier al 2X0 a C 
l\Min: ^ = rf í ^Aí/-rf„íUííA^)*<0.4500cmM1^(2.4xl0*^C , ) ■ , H25.0*C-[-7«J> c CI)). 
J - 0.45 1 1 ern - 4.5 1 1 mm. 

EVALUATE: Wecouldhavc leí J p he the diameierat 23-0*0 and 4 be Ibe diameier al xr'c. Toen 
A7"»-7h\0*C-2J.0*C. 

17.19. IdevtifV: Apply ¿-¿gOt^rHomcdiaincicrDofthcpenny* 
Ser L t p: 1 K - 1 C, *o v*e can u*c icmpcrature* ¡o *C. 

toOTfEl DeathValley: \T -(2.6- 10 1 |C*> 'HI-90 cmH2S0O- ] I i i i , . «o the diameier u 
1.9014 em + Grnnland: trD t &T - -J.ftxlO * cm t so Ihe diameter r L8964 cm 

K\ Al t vfk: When r¡ocrea&ci the diameier tnercaies &nd wben TdxreaNC% the diameier áxrea&cc* 

17.20. lo^snFV: ¿tV-fti'j\T. U*e the diameier ai -IS fl C lo calcúlale ibe valué of Í' ( .ai (hat lemneraturr. 

Si:r Up: Pora hemiiphere of r*diu* R. (he vulumeu V -LrR\ TaWc 1 7.2 gives 7.2x10 *(C*) 1 for 

jlunn^u:i: 

IAm i ii : i;-i.ríf' = 4T<275m}*-4J56»<lO l mV 
Ar-CMftl* 4 (C^-'KUSÓxIO* m^aS^C-I-lS'CR^lóOm* 

EvaUiaTE: Weeouldilw calcúlale A -/^(l^o^nand calcúlale (he ncw rfrocnA.Thc tncrcaic in vahuUB 
K-l^ but ^wouldravclobeewriil (o avuid rouml-olTerrarx «ten Urge volumen ofncarly rbc unie 
j« Kubinicled. 

17.21. iDEflIPK Linear exparuion; apply l-qi 17.6} aodsotve for a. 

SrrLTp: Let ¿,-4ai25cm; ■¡■MO'C Ar=45.O í C-20.O í C-25 + OC 1 gr\ h ei A¿ -0.023 em 

EXECim: ¿L^aLbT mw^a'—m 0D23cm = 2.3x10 * (CV\ 

Í^AF (40.125 cmKlS.OC 1 ) 

EVAUrATE: The valué we calculaled is the íomeorderof magniiudca* ihe valué* Ibr mctaU in Tibie 17.1. 
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17.22. lot-N IOT: Appty A»' - V 9 P5T. 

BVTVPi Forcopper, ^«5.1*10** (C - ) - *. AP/r, =0.150*10 \ 

£ 5,1*10-* <C fi ) 1 ' * 

Evau iaTE: The wtltmv iixra^cf when ihe icmpcralurc inerea*ci- 

17.23. lofcvmv: VolunKcxramicin;apfilyEq + (L7.ft>ii>cjdcübk áV fea tfc cihanol. 

SETlfr: FromTable I7.Z0 forelhanol w 75*10 * K ' 

tM.t i ri : AF^OaTC- 19.0*0 = -9J>K. Tlwti Ar^/H^iT- (75x10 ' K 'K170Q LH-9.0 K)= -1 1 L Ihc 
voturncoflheair spaccwiübe HUO.OIIm . 

EVALUATE: The temperature dcereasei, m> Ib: volume of Ibe liquid dccrcaic* The volume change ¡% irnall, 1»* 
than 1% afilie original volume. 

17.24. iDEVtlFY: Appty A* = r./ar lo ibc lunk and lo the ethanol 

Ser ta ForethaiioL£«7S*IO*(C*> \ Foroed, * 3 6x10 * (C 0 )'- 
Ew;ct tu: The voluiw change for ihc tank i* 

A*; a r^Ar-(2.H0m > KJ.6»f 10 * (C*| 'X-l4.0C*)--l.4l¥lO' 1 CB 1 — MI L 
The votume change for ihe cihanol b 

Ar ■íl^Ar^jKtOin^TSxlO *<C*) 'K-Í4.0C*> » -2.94* 10 J **-~-2MI_ 

The empty volume m the tank i« AV - Ar « -29.4 L-(-l.4 L) = -2K.0 L 2&0 L ofethaflot can be addcd lo ihe 



Eyauafk: Doth volume* dccrcaic. Huí /? > fl r *o the magnitud* *rf the volunte üccrcaic for Ihc ethanol ú le*» 
iban it rt for ihc lank. 

17.25. lOEVtirV: Appty A*' - i\fíXT lo Ibe volunte of the ftaik and lalhe mereury. When hcaled. both the volume of 
ihe llaik and Ihe volume of Ihc mereury ¡ncrense. 
Ser Ur: Forrncrcury. A a *1H*10-* (CK 1 - 

I ■ \m i ii ft.95 cm'of mereury vmton, %o A*'^ - Al^ -8.95 cm\ 
EXECUTE: AP Ht 8r^Ar*(l0CM)W>cm'KlB-10* <C*} 'K^S.O C*( -9.9 coiV 

AK^-Af' -H.95ctn l 80.95cm l . 0.=^*=- = OMnS = L 7*I0*(CV- 

" *^ V*AT (1000.00 cnTXSS.O C*> 

EvaJaíaTE: The coelRcicnt af volume expansión for Ihe mereury I* larger than forglavc. When ihey are heated. 
both ihe volume af ihe mereury and the in&idc valume of the fla»k incrcatc. Bul the ¡ncrease for Ihc mereury ¡x 
grealcr and ri no longer all fii* imxk' the JlosL 
17.24. IdevTIFY: Appty Ai -¿/rAfio caeh linear dimensión of the ¿urface. 

Sir Vvi The arca can be writicn a* A - oX /-. wbere ú ii acon&iant thai dependx on ine *hapc of ihciurface. For 
cxamplc* if the obpcct w a xphere* a - 4xand r^ - L¡ - r. If the object it a cube, a - 6 and ¿, - ¿ ; - L ihe Icngih 
of ocie ¿iocof the cube. For aluminunv a» 2*4*10* (C*)" 1 . 

wmcum w^-^v {"Kfl+m ^-V 1 ** 47 * 

A-at^L; -at^ L^O m ^(1 1 2«Af »|nArp a^T it very xmaJL *o (aArf can be neglecled and 

W Aí^<2íj|.^r8(2H2 + 4*l0 * (C^l 'KalO.275 ror v KI2.5C*) = 1.4x10^ m* 
EVaja'aFe: The óerivation anume* ihe objeci expanda umformly in all dircclioni* 

17.27. lotvim and S#T L"P: Applylhc remlt af Fxercitc 17.26a lo cakulaie :VI for the plate t and then .-I - ^ -t Al. 

EXKCUTE: (■> A u = mi » alIJSO mOf »UJ1 cm' 

<b>Fxercne 17.26*ay* X4 - 2íí^Ar. so A¿ = 2<L2xlO * C 4 » Al cm í Hn5 c C-25*C)BllSKlO"* cm ; 

EvaLUaTE: A holc In a llai melal piale expandí when ihc meial is heated jurt asa p*ceeof melal ihe ame *¡xc 
as the hole woulci expand 

17.28. lotAiin: Appty \í.-L t a.\T lo the diameler P xi ofthe ucel cylinder and the diamcier O m of the hra« ptilon. 
Str Vfz Forbras», a m -ZOmHT 1 (C^l*. Foraleel a„ ^IJxlO * (CV. 
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Iakmi: (u) No. ihc bra» expandí more iban ihc Mccl. 

■ ! A ibeíotidediamctcrorihcitcclcylickdtfrai 20"C Al 1M) C. At*Aw- 

* AA i -25.000 ero* A/V Thiigive* n * ./ rl D.AT - 25.000 em t (25 .000 cro)AJ\ 
25.000 cm| Ir tf^AD (25.000 cm)[lt(2.l)x 10^ <C) '|»30 C*)] ^ ^ ^ 
l+í^rAT l*Ü 2x10 * (C°) 'MIWCJ * OT 

K\ Alt iaTE: The «pace in**dc thc *lccl cylmdcr expand* jutf likca solid piece of slccl of the same «bc 
17.29. IDCCTIFY: Find thc change &L in ihc díamete? of thc tid. TT»c diamcicr of ihc Ih! expanda according lo Eq.f 176). 
Ser I r. '■. ■■■ i- ronhai ihc »ame aa* itcel. so </ - \ 2 - 10 ' iC*)* 1 . 

EXFXUTE: A/. - </¿, Ai -(12* 10 ' (C)" , )(725mniKJ0.0C t l-0.26mm 

i ; v UJ u i : ]n I 7.6 i. A¿ ha* thc same unils a* £*. 
17 JO. IdevT»Y: Appty Eq.<17.l2)and sotve forF. 

Srr Up: For bnu, Y =0.9x10" Pa and <* = 2.0xl0 + * (€*)"*■ 

I \n i n : F--l'0iirH--(O.9irlO 1 ' Pa)(2.0*l0 "*(C*| *)(-l 10 C**2.01k10^ or 1 ) -4.0*10* N 

EVALUATE: A large fbrec i* rcqtiircd Af U itcgaln h c and a poMlivc tcmtifc (otee is required. 
I7JL iDEvnFYand S*;t L'p: For pan (al. anpty Eq.<17.ó)to thc linear cxrxinsion o f the me. For part 0>K apply 
Eii< IX 121 and calcúlate FÍA. 
EwtiTE: (a> A¿ = al^AT 

¿,AT (L50roM420 rJ C-20 í C) 
(lu k . " ..: un» Flá—TaáT 

AT- 20 0 C-420 t XT- -400 C* (Af alway*mcans final icftipcraturc minus initial icmpcmiutc) 
/ i (2.0-10 PaKJ-2*IO K • i! J00< ♦ 0.6*10" 

Evalúate: F¡A %s posiuw mean» ihat Ibe rtrev is a tcrtulc istrcichingi rtics*. The antwcr t« pan (a) ¡s coiutiitcnl 
with thc vuhici of a for metal* ¡n Table 17.1, Thc icn*ilc sircas for thí* modcrt temperaluredccrea.se i* huge. 
I7JI. taVtnm Appty A¿ ■ L,aAT and stress = FM = -)*rA7\ 

SnVti Fw*kd. a -1.2*10'* <C*) ' and r = 2.0*10" Pa. 

EJOCCims (b> A¿-r^r/Ar = (ll0mHK2x|0 *(C*) 'MíS.OOiS.Omro 

(b) stnr*s- -YaAT ± -12.0x10" PaK1.2*l0 * (O "X35.0 O- -S-4* 10' Pa. The niinu* ugn mean* the sites* 
i* eoinprc«(\c 

K\ Ai i afk: Cocnmonlv oecurrit^ Ictnpcraturc chances reiult in very «ttall fracitonal change^ in lengih bul very 
latee síteme* if thc Imgth change i* prevenicd from oecurring. 
17.33. luí.Min and S»:f I'p: Apply £q.(!7.13) to thc kelllc and 
Euíife: ketik 

Q^mcAT. c = 9lOJkg K (fromTaWc I7J) 
O -<1.50 kgK°10ikg KKS5.CrC-20.irC) = S.B73xl0 í J 



QmmcAT* e » 4190 J kg K (frwn Table I7J) 
p^<^80kg)(4IW>Jtg i KKS5.O í C-20.0 a C) = 4.9O2xl0 , J 
Total p = H.*73x 10* Jt4.902x 10* J = 5.79x10' J 

Evalúate: Water has a niuch lar^er speciñe heal capaeily ihan alurninurti. somost of (he heal goe» ínio raíiúng 
the tcmperaiurc of (he waicr. 

17.34. lotsn**; The heat required i» Q-mcAT. / > = 200W = 200 k*. which is cncr^y divided by time. 
StílPz Korwaien c = 4.19xl0* Jkg K. 

tvitt it : (a> r2-^fAr = (0J20kgH4.19xl0 k J.leg K«6aOC) = 8.04*IO* J 

8.04x|0*J m . 

ib) t ■ =402 s = 6.7 nun 

200.0 J s 

EVALUATE: 0.320 kgof water ha% volume0.32O L. The time iav cakulatcd in part fbí ú con*i*tcnt wiih our 
ex'erydiy expcríetKe. 

17.35. loEVTIFY: Apply Q-mt'&T. m = wfg. 

Stt UP: Tbe letnpcnilurc change U 6T = 1H.0 K. 

urAr hAX (2H4 N Mi 8*0 K} 
EvAJ i atu: Thc valué Ibr t n \imilar lo ihal for lilvcr in Table 17 J, soil is a rea>sonaMe rctull. 
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17.36. iPiMlñ and SZT LP: Use EqJ 17.13) 
Exr.C i r* : (a) O ■ «ji-Af 

«f = £<l.3*IO 1 kg>-065*IO 1 kg 

^-(0.65-10 l kgXl020J. l kg*KMJT s C-(-2irC0-3H J 
(b)2Dhnraihvimn |60min H l h) = 1200brcaths'h 
SoeMl200X3RJ>*4.6xirr J. 
Evau aFe: The heat lo» rale is (Xi ■ 13 W. 

17.37. lDEvn*i: Appty p- m.\7"to find Ihc heat ihai ivould raisc thc temperalurcof thc siudcnt^ body 7 C\ 
StiVtz IW-IJAi 

EXECUTE: Find y lo miu' thc body icmpcrature from 37 & C to J4 & C t 
r2 = »rA7" = (70 kgh34K0 J kg K«7 0 = 1.7x10* J. 

1200 J.s 

EvajxafE: llcat rcmoval mcchanism* ¿re cucniial to thc tve 11 beinc of a pmm. 

17.38. lo*-\ and S#;r L'p: Sct thc change in craviiarional potcntia) cncruvcouil to thc quantity of heat atfdcd lo thc 



E\t:ct tk: Thc change in mcchankal cncrgy cqual* ihc dccrcasc in gravitanonal polcnlial cncrgy, AL' ■ 
lAt7|=*fi;A p = £6>«jíA iroplie* mcAr^a#A 

A7 ■ ¿A < ■ (9JG0 m'i* K225 m>(4190 J.kg* K) = 0.526 K ■ 0526 C° 

EVALUATE: Note that Ihcanxwcr u independent of thc rnaszt ofthcobjcci Note also thc símil chance in 
temperalure ihat conesponds to thu largc chonte in hcighl! 

17.39. tot.\ ii*i : Thc work done by frktion i% Ihc los* of mechanieal cncrgy- Ihc hcat innut fot a lemperature iitmf*c i* 

Sí.J UP: Tbc cratc ktsc* potencial cncrgy «Jjjta wiih A ■ (8.00 m)*inAf>-9 1 , and -¿¿itis kinctic cnergy ~/nv:. 
EJBCims (n> W É -m^h-Lmv: -iX^Okgij^Küms'fcXOGmisn»^* m y» | - 1-54x10* J- 
tlMl^mgihcicmíuol pama)fory givc* Ar = <L54*10* Jy|(35.0 kgHJ650 J'kg- K)) = 1.21 * 10 J C. 

Evai.i afk: Thc tcmpcrjturc rúe is very smalL 

17.40. Id*_mi*i: Thc work doncby ibc bnikes cojuals Ihc initial kinctic cncrgY of Ibc Irain. Use thc volurnc of thc air to 
cakubteit* masi Use O mcAT ¿pplic-i lo thc air to calcúlate Aflor fhcair. 

EXECirTE: Theínitiat kinclieenctgyof thcrnin i* A ' - -i 25.000 kgfcl 5.5 irV*) J =3.00x10* I. Thcrcfore. Q fot 
thcairo 3.00x10*1. mi = pV = (1.20 kg J l ro l K65.0 m)(20.0 mMl2.0 mi - 1 H7x 10* kg. {J-mcArgive* 

*.T,Q- -<>.. 5 7C*. 

me (l.«7x|0* kgH!020J.kg K> 

EVALUATE: Thc mas» of air ín thc stalioo b eompinhlc lo thc man of Ihc italti and ihc icmpcraturc risc 

17.41. Io*.mi*i: Sel A' -yim ' cqual to Q- wArfor Ihc nail and wlvc for .\T 

SETUP: Foraluminum. c Xkg K. 

Ku:c t f*: Thc kinetk cncrgy of thc hammer bclbrc it Mrlkcs thc naüb 

K = ^mv : = f|l R0kgh7.R0mH J = 54.8J Eichtírikcofthc hammer transferí 0.60(54.8 J> = 32.9J. andwith 

lOshrike* 0 = 329 J. 0 = mcA7" and AT^ — ^ , — ^1 =45.2C C 

me 48.00x10 ■* kgX0.9|x|fy J.kg K) 

Y-\ ai t aii; Thu agrccK uiih our cxpcricncc thal hammered naiU gct noi>rcjh!\ w antier. 

17.42. lotvnn m) Si fL p: Use Ihc powcr and lime lo calcúlale thchcai input pand then use Eq.( 17.13) lo 
cakubte c 

(a) EXECIT«: P - *o thc lotal heal transferred lo Ihc liquid ■ QmP§m (65.0 WHI20 ■) = 7&00 J 

Then Q-mtAT g¡>c* í =_2_ = 7800K = 2.5lx 10' X\&. K 

V ^ mAr 0.780kg(22^C-l8.55 e C) 

ib) EVALUATE: Then thc actual Q transfcrred lo thc liquid i* lew than 7&00J so thc actual^ is Icss thanour 
cakrulatcd valúe; our rcsult in pan (al is an ovcrc*iimatc> 
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17.43. iDEVtJFY: Q - mt&T. Thc maisof/; mole* » m=«A/ h 
SU I ► For iroa Af ■ 55.R45 II kg mol and c ■ 470 J kg K. 

I ahí n : i.O .1 . . ■ ., ■■: I 00 mol ¡* iff - «A/ - < VlXl mol» 55 K45 - 1 0 kgmol) = 0.1675 kg. 

Ar^e r mt = (8950J)/[(O.I675 kg)(470 j.leg K)]^l 14 K = 1 14 C*. 
<b) For m - 3 00 kg. AT - £ me » C*. 

EVAUiaTE: (c) The rc»ilt of part (a) ¡s rauch larger 3.00 kg íi more material ihan 3.0X1 mol. 

17.44. iDt-vim : Thc Uteat heal of luiton ¿ $ ¡sdcfwed by O - mL t forlbe sobd^Uquid phasc trama l*>n Ford 
temperalure changa (í-m.AÍ 

Si.r L'p: At í ¡*l rnin thc samóle n at jts mching point and al í ■ 2.5 rran all ihc samplc ha* mdlcd 
EwXlFE; (a) It takc* 1.5 min for all thc .samóle to mdl once rls mclling poínl n reached and thc hcat mpoit 
dunng ibis lime interval ¡s <l.5m¡nHl0.0*l0' J min>- 150* 10' J 0-mI,. 

PJ.SOxlO'J,,^^ 
^ »i 0 500 kg ^ 

(b)Thc liquidé tcmncraiurc ri*cs 30 C* in L5 mm <J -hti A7 

w «Ar (05ookííH3oc j ) 

Thcsdid , %icmpctatiifCíbc* 15 C d in 1.0 mm c — IaT0xI0_J ^ | .33* 10' Ib K 
^ — mAr (OSÜOkgXISC) 

EvaLUaTE: Thc fficciftc heal capacitie* for thc liquid and *oUd *latcs are diífcrent. Thc valúes c4c and 

we calculalcd are wilhin ihc tange of valúes in Tibies 17.3 and 17.4. 

17.45. Id*-viim and 5#;r L'p: I leal comcioutof thc melal and inlo thc water. Thc final tcmpcraiurc ¡sin therange 
0<r<l0O , C í wiheTcarcnppha.sc úmjm* O t ,+* 3 O- 

< a) EXECOTE: * Q M ■ 0 

(1.0OkgJí419OXlg KX2.0C*H(a500 kgJ(e M M-7*U>C*)»Ü 
c M -2l5Jlg K 

(b) EVAl.U ATE: Water ha* a larger specifr: heal capacity «» stores more heal per degree of temneratwe change 
<r>lf«omc heal went inlo ihcityrofoamibcn (J_.¿ ihould actual ly he larger than in parí *o thc míe i , is 
larger than wc caktilated; Ibe vabic we eakutoed wodd be smallcr than Ihe rtuc valué. 

17.46. lokvnFV: Apply Q - nwATto cacb objecl Tbc nct heat flow y ^ l'of ihe v>«cm inun t sofl drinki i* «tero. 

SEf UP: Tbe massof 1 -00 L of wiier is 1 .00 kg. Leí thc man be dcsignaled by Ihe nibstript m and Ihe " >ateT~ 
byw. Tn ihe final cquihbrium tcmpcranjre. -4190 J kg \L =Ai;. 

EttClTE: (■> Q m ^0 gives « # C.A7. ( *^C,Ar. *0. * m CJT-TJ+m m CJT-T„)*0. 



^.c.ír - ri = mr<r - r Sahta fc< r. r 



r (70.0 kg»i34K0 Jkg KK37.lTC) T i0355 kgi|4l90 Jkg -C^.ITC) ^ 
170.0 k«X34»Jto'CT+<«355kgn4l90J kg í \ 



ih) It u powiblc a sensitive digital tlwrmomciercouhlmcasureibischangCMncc they can rcadlo 0.1 T It isbesl 
to rerrain Irom dhnking cok) IIuhI* pnor toorally mcaiuring a body lemperaturc duc tocooling ofihe mouth. 
EvaUiaTE: lleat comes out of ibe body and it* temncraiure falls. Heat goei mío thc %oft dVink and ¡ts 
temperalure rises. 
1 7.47. IDCCT1FY: For thc man s body, O ■ m< Ar. 

Si:r Up: From lUercíse 17.46, ¿\r-0J5 C when Ibe body rdums lo 37ATC 

EJBCim: Tbe rale of Iteat lo« is QÜ. £^^£¿1 and '^^y^ 

f a (70,355 kgH34K0Jtg n<l>J5^ . Q ^ d . „ mmüto 
7.00^10^ J day 

EvaUiaTE: Evcnif all thc BMRcncrgy siayi in thc body. il lakes Ihe body »c\rral minutes torctum loits 
normal icmpcraiure. 
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17.48. IdevtIFY: For a temperatura change O ■ me A 7* and for ibc Ucjuid loiolid phaxc change O - -mt^. 
Srrlte Tm mm%, tmAMx\lt Jkg K and -334*10' Jkg, 

Emícitk: p-mcAr-wL = <OJ50kgH(4 J9x|0 l lien KJf- 1^0 0*1-3.34*10* ^S)~ -1.43*10* J. The 



cign avi 1.43x 10* J mutt be removed Irom ihe walcr. <I 



13^10* Jtf lcal 1-3.42*10' cal = M2 kcal 



EvaLUaTE: Q<0 when hcat comexout of an object the ciruatHin Q-mcATpti\* m (he eorrael «gn 
autoiraticany from the xign uf A7"« T t -I¡. Bul in g" ±L wc muM xclcci the correct *i¡m 

17.49. iDBfim ■¿SrrVF: Uxe lo. ! IT 13) for thetcn^raturaehanscsand fr|.( J 7.20Uor meneara 
I! xeci TE: I leal muM be ad<fcd (o do the folkiwing 

ice al -lO.CTC-ticeAiCrC 

phaxc Iranxition ice <0'í'i -* liqukl water HTCXmelting} 

= *m¿, -112.0x10 1 kgh^xlO 1 J kgí - 4.00S* I0 1 J 
walcr atOT (from mcltcd kc-» water al I00X 

=«^¿7" = (12,0x10 kgM4L901kg KH100 fl e-O í C) = 5.02S*IO l J 
pha*c iranxition waier tlOOTj -» *team< I0Ü'C> inoiling) 
ft¿ =*m¿ = (12.0*10 1 kgX2256xlO' J.ig> = 2.707*10' J 
Theiottipix 0=252 J*4.00**|r/ J»5.02SxlO v J + 2.707* I0 4 J =3.64* 10* J 
(3 64x10* Jul vil J IM) Si- 8 70*10' cal 
(3.64x10* JKI Bna'1055 J) = 34.5 Btu 

FVAUUTE: Q ¡x poiitivc and hcat muxl be added to the material Note ibat more heal ix nceded for the tiquxJ to 
gai phaxc change ihan Ibr ihe temperatura cbangex. 

17.50. Idf-viify: O - au Affor a lemperarure ehanee and Q ■ rmL t Ibr Ibe ioIhI to hminl phara tranxition. The ke 

sUru lo meh when ¡tx temperatura mache* Ü\Ü*C. The sjsiíin May* al O.OOT until all the íee ha* melied. 
BKVfe Forice. 2.0UI0* J.kg ■ K For water, / = 334* LO 1 /la; 
Fue tu: (u) pto mira the temperatura of ke lo 0.00*C: 

1.66*10* J 



P = wAr = í0 550kgH2J>lxlo' J.lcg KX1S.0C*) = 1.66x10* L * = 



800.0 Jftmn 

(b|Tomdlall the iccrcourrex Q-mL =(0.550 kgH3.34xl0* J.kg) = Uí4*IO* J. i 



■ 20.R mío. 
I .S4-I0' J 



BÜQ.OJmm 



- 2M> imt: 



The total time afier ihe ilart of ihe healing b 251 min- 
ie) A grafih of T ven» r ¡x tketehed in Figura 1 7.50. 

EVAUUFE: h lakes mueb bnger for the ice lo mell Iban rt ukci Ihe ice to raaeh Ibe melimg noint. 




(niittl 



m m xo m*> m 

Finiré 1 7.50 



17.51. lotvnr* andS»:rL>: UraEiM17.20)tocafcxilalcíJandmen PmffL M W i^enthequamÍr>ofÍi^rhmtmii>kg. 

F.m:(iii: "lwo-ton air condilioner^ meam 2 Ion» (4000 Ibi) of ice can be Ihxtcn from waler at (TC in 24 b. Fmd 
the maH«ihaieorrexrwnd*m40OTm(^ghlofw^ m = (4000 IbXl kg2.205 lb)= 1814 kg libe kg lo Ib 

equivalence from Appendrx £ ha» been urad.) The beat Ihal muit be removed Irom ibe waler lo frecze it ix 

Q~~mL~-iUU kgK334*IO l J Vul = -6.06x10* J. The powcr raquired iflbix t* lo be done in 24 hourx u 



a.Ofi-10 1 J 



^7010 W or ^-(7010 WM!l Ilia-hH0.2'.»3 \V||-2J9x10* BtoA 



t <24hH360Ox.lñ1 

Y- v Alt \xt : The calculatcd power. ihe rara al wbieh heal ene rey ix removed bv the unit + n equivalem to xeventy 
I0OAV lightbulbx. 
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17.52. IdevtIíY: Fot a lemrícraiure chance. Forlhe vapor — > liquid pKuc iranuimn* Q- -aiL a * 

Milr. For water. I. ^2.256x10* Jkg and c -4.19x10' Jkg»K. 
E\j;c t Tt : (a> Q = +m{-i^ +caX) 

£ = *<25G><IO * kgH-2J56*10* J.kg + 14.19x10* l>kg K|| -6ÓJ>C*|> = -*..33x 10* J 
<b> Q-mcAT* (25.0x10* kgJt^.WxlO* Jkg KM -6600^-6.91*10* l 

(c) The total hcal retraed by ihc walcr that *tan* ai sicam i_ nearty a factor of Icn largcr iban thc hcat rcka*ed by 
walcr that tum al 100°C. Stcam burro are much more kyog than hol-water burn*. 

EvaUjaTE: For a given amouni of material, me beat for a pha*c change h typically much more ihan thc hcal for 



17.53. IW-vrm and S*;r Le: The hcal that rnu*i be added toa IcadbuJIctof mas* m to meli il i* Q-mc&i + mL¡ 

( mcAT ¡* Ihc hcat rcuuired to rai*c thc tcmpcraiurc froen 25X lo ihe metiing poin* of 327.3 a C; aW- ¡* ihc hcal 
requircd tomake thc *ottd — * liquid pha*c change.} Thc kinctic cncrgy of thc bullet ¡f ib» ipeed t* vi* K ■ yjirv*. 

I\n i II: A O uy* -flu ; - »k- V t 

v ■ j2|<iJOJkgKn'327.3^-25 r, C>* 24.5x10* J.kg) = 357 ra'* 

EVauiatE: b a ty pical «peed for a rifle bullet. A bullet (xrcct into a block ofwood doc* rxirtially mclu but in 

praclke not atl of ihc initial kinctic cncrgy w convetted lo hcal that rcmain* in Ihc bulki 

17.54. Iocviim: Fot a lemperalure change. Q-mt&T. Forlhe liquid -* vapor phase change. Q--tmL 

Sirl'P: Ihedcmityof water b l0O0kgrn\ 

Eu;c i fk: (u) The hcal that goci into man m oí water to evapórate it b (J-t«i/ v Thc hcat flow Ibr Ihc man h 
ff-a^cAT, wbcic ¿ir = -1.00 C*. ~ g-0*o mi f-a^C-uT and 

1. 2.42x10* J kg * * 

0>) í - — _ - 2ÜÜÍi — | oí - li* 4 m' - 101 cm\ Tbb i* about2S%of rae volumeof a sofl drínk can. 
p 1000 kgm 

E\ Al t 'ATE: Huid lo** by evaporalion from thc *kai can he *ignillcant. 

17.55. loiXTIFY: Use Q - Mr&T lo fmd O for a lemperarure ri*e from 34.0 & C lo 4©.0*C. Sct mbequal to 

Q-ml^ and *ob*e fot m t where m i* ibc nut*of water me carael woukl have lodrínk. 

UK es 3480 i kg ■ K and ¿, - 2,42 x I O Jkg. Fot walen 1 .00 kg ha* a vokime 1 .00 L. .1/ - 400 kg b Ihc 
□ftfae 



Exf che: n C ^ of«« -ha. .he c^X » m b IJ0C ^ Wlfí -' kllhM> - 3.45 kg 

¿, (142x10^ Jkgl 

uh*ch n a volume of 3.45 L. 

EvaLUaTE: Thb ñ nearly a gallón of walcr* *o it b an apprcciable %avin$c. 
17.5*. iDCTVTIfV: The aitcroid** kinctic eoergy b K^^mtr. To boü Ihc water» it* lemperalure mu*t be rabed to 
JO00 Q Cand me beat needed for Ihc pha*c change muil he addcd lo Ihc walcr. 
SVTW: Forwaler. r m 4190 J.kg K and ¿^225*xl0 > J.kg. 
DnilB K -■f(2.60xlff* kgK32.0xl0 i mi l *) : - 1.33x10/* l Q-mc&T+mL.. 

J __-5.o5.irkg. 

* A 7 * /. í 4 1 90 i kg K N90.0 Kl 1 2256 x 1 0' A kg 

EvaUiaTE: Thc ma_* of waler boilcd i* 2.5 lime- thc mai* of waicr in Lakc Superior. 
17.57. iDEvnrv: Appty Q-mc-ATto thcair in thc refrigeraior and loihelurkcy. 

Si:r UP: Fot thc air m„ ■ pV 

WtXtCnm m m -íl^kgm^lJOm')-! KOkg. ^sji^^Ar^iit^&r. 

f2 = ([L80kg|[lO2OJkg *K| + [10.0 kg|M80 Jkg K]K-I5.0C°) = -5.50xlO t J 
EVAUUTE: Q i* negative becausc hcat n rcmo\ed. 5%of Ihc hcat removed come* from rae aír. 
I7.5S. iDEVtirV: Q - mcóT for a lemperalure change. The nei O for ih.j ,;. -,t_:n i siu^pk. ^.ir. .ir.d water) b wro. 

L)P: Forwaicr, c. -4.19x10' J.kg K. rorcoppcr. *\ -390 J.kg K. 
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Kwru: Forthc water, = (0.200 kgH4.19x 10* Jkg K)(7J C*) = 5.95xHr* J. 

Forthcconpcrcaa ft *m&*T t = (0 .150 kg*390 JJcg KH7.1 C*) = 4I5L 

Fot thc '.ni., a ■ ■MyU; ■ kg>r,(-7J.9 C% 

£{? = 0 gira ÍOOHSkgM-TWCV.+^lSJtSW-lO 1 J = D. ^-lAt*W Jlcg 

Eyaixate: Hcat comes out of Ibc *amp&c and goes mus thc water and thc can. Tbc vatue of c. wc cakuUtcd n 
con*¡*tcnt wiih thc valué* in Table 173. 

17.59. Id*.mify and Ser L'P: I leal fiotv* out of (he water and tnt» thc ice* Tnc nct hcat flow Ibi ibr i\«cm is <ecio< Thc 
ice wirms 0°C mclts. and then (he water iVom Ihc mclted ice wanrn from 0 °C to ibc final temperaturc. 
ExeCiíTE: ■ 0; calcúlate* Q Ibr cach component of thc sysiem: (Dcakcr has imall nuts says thai 

gsMtrtr forbeaker can be neglcctad., 

0.250 ku «rf water tcool* from 75.0*C to 3a0 p Q 

0»- -■cAT«fUS0lGtfHmAÍ« *KK30.0*C-75.«r)*-4J14>ílO - J 
ice (warrns h> (I T: mclti; water from melted kc wanrn lo 30 0'< ) 

= *4<2lOO J.lg*KKO í C-|-20.0rC))»334)<10* Jlcg»í4190 J kg KH30.lTC-ffC}| 
ft, =(5.017x10* fkgun 

-4.714-10* J*(S.0l7xl0 s J kawi l! 
5.017x10* J.'kg 

EVALUATE: Since thc final tcmpcraiurc i* 30<0°C w c know thal all ihc ice mcltt and thc final « ítem t% ¿11 liquid 
water. Thc mam of ice added ¡s much les* Iban thc mam of thc ?5 'C water: thc ice requiresa large heal input for 
thc pitase change. 

17.60. IDECTIFY: For a lemperature chartgc Q ■ mcAT For a mclting phaic transition Q ■ mL¿ . Thc ncl {Jfor Ihc 
svslem i simple, vial and ice) U zcro* 

Si.r l."p: Ice rciruins* so thc final lemperature is <»»>( For water, /, = 334x10* Jk.. 

I ; \nui: I. . 0 - m.c.AT; - (I6.0x 10 1 kgK2250 J lg-KH-19.5 C*) = -702 J. For trienal 

ft -m.cAT. =(6.0-10 1 kg*2KO0 J1tgKl(-l9.5C i i=-32B J. Forlbcicethatmclu. Q^ml^ £e-0 gira 

*¿ 1 -702J-J2*J=0nnd * = 3 OKxIO ' kg = 3.08 g. 

EVALUATE: Ünlvasirall fractionof Ibc ¡ce mclts. Thc water Ibr che rncltcd kc rcinains al 0'C and has no hcat 

17.61. UwmFY and Ser t"P: Largcblockof ice implies Üut »m Ís left, so r. -0T ifnul icmperiturel IIcaI cornea 
otó of ihc ¡n$ot and inlo thc ice. Thc nct hcat llowit /ero, Thc ¡ngot has a temperature chantre and me ice has a 



ExíXirTE: 0^_ t = 0; calcuUie Q Ibr cach coranonent of thc sy^iem: 
^ me&T = (4.00 kgK234 J.'kg KHO^ - 750*0 = -7.02x10' J 

ice 

Q„ - , where m b inc nu« of thc kc ihit chances phasc i melti i 

7l>:> 10 ) * mOM'iií' J.kg)*0 

7.02x10' J . 

2.10 ku 

334x10/ J.'kg 

EVALUATE: The bajuid produced by thc phasc change rcmain* Al 0~C since it U in conlact wiib ice. 
17.62. Io^mu^: Thc imiial temperature of Ihc ve and water mixture is 0 0'C Ai*ume all Ihc ice melis. Wcwillknow 
that aiMiniption » incorrect if ihc final tempcraiurc wc calcúlale i* les* Ihan 0 ii'C Thc nct O for ibc iyttem<can 4 
water, ice and lead) U jero. 

SKVDVt Forcopper. c; -390Jtg*K_ For lead. *\ ■ 130 J kg K_ Forwaien c. =4.19x10' J.'kg* K and 
IjsXMxIO* J kg. 
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Euxrn:: Fw ihc coppcr can. g - v.AJ; -{0.100 kg)í390 Jkg Kn 7 - 0 ,0 í * | 39 O J K f7 
Fot ihc w«r. 0, -íif^.Ar. -<0.l60kgM4 19*10* Jkg KXr-00*C) = <670.4 1X)T 
Fot ihc ice fi - -f t I, *■ «M^AT. 

(¿«(ftOl* («10.34*10* Jkg K). 10018 kg)(4.19xl0' Jltg KhT-0.0*C) ¿=6012 J 4(75 4 l'KíT 
Forlhclcad, g =.uifiAJ¡ «(0.750 kg><130 J.kg Kxr-255 d C)-<97.5 JK)r-2.4H6x 10* J 
^£ = 0 gív« (39.0J1C)r*(6m4I'K)r460l2 j4(75,4J l 1 K>t(9X5 J.X)r-2.486xlO* J«a 

- -■ : J K 

EVALUATE: T > O.fl'C, whkdi confimi* Ihat all thc ice raelrs. 
17.63. IdevIifY: Sel Q, tAm -0 t for thc *y*lcm of water ¡ce and *lcam* y - miArfora lernperarurc change and 
Q-laiL for*ph»ctramii™ 

Sff LP: Fw water, r - 4190 J.kg K. :, -334x10* Jkg and ¿ -2256x10* Jkg. 

EXEtlíTE: The ¿team both condensa and cooU. and thc *¿c mcit* and hcau up j)ong with Ihc original walcr 
«/- * jHt(2M C*J + M_r(2R.O C*J - *lL 4 m^f (-72.0 C*) - 0. Tbe rtu» of *lcam 



^ _ (0.450 kgH334xlO' J'kg)*(2 .SS kg)i4l90 J.kg KX2R0 C D ) _ ft m . 
™ 2256x10' J.kg + f4l*l Jkg KH72.0C) 

EVALUATE: Sincc Ihe final tcmncralurc i% grealcr (han O.O'C. wc koow thit olí the ke mellv 

¿at 

Skf Up: Tbe SI uniti of ftm waltt. theunil* ofarca are nT. ihe tcmpcraiurc dilVcTcrKc ¡s in K, thc lenuih i* m 

meten, so the SI uniii ft* thetmal conductivHv are ^ )^ ^ - 

|nV|(K) m K 

fc Y alia FE: An equivalen* way to exprc» Ihc uniti of£ b J i * ra 
17.65. Idctiifv andScr L'p: Thc icmpcraUirc gradicni w iT H ~T K yi and can be eakulated direclly. Uac Eq.(l7.21) le 
calcúlate thc hcat currem // In parí (c> u*c //fram parí (b) and apply Eq + Í 17.21) lo the 12 + 0<m %ccIhhi of thc lell 
ctkd of Ihc rod. T - f \ K and T t - f\ thc target variable* 

EJ0ECVTE: (*> icinpcTatun; gradicnl = (T H - T f VL ■ (100.0°C- O.O^Itl^O m - 222 C e /m = 222 YJm 
<U) HmUtT n -K> ,L Fn>mTablc 17.5, * ^385 W m K, «> 
H = (385 W>m K)( 1 .25 x 10 * m s M222 IC>M - l0 + 7 W 
(O // = 10J W for aU «rctioiu of thc rod. 

124 c* 



f íture I7Í.5 

Apply -faz¿77¿ to thc I2.0crn wtion<Figurc 17,65): T^-T^UÍU and 

r-r B = .cao-e- (0IM "" lfl7W ' , raj-c 

M 1125x10* m'K385 W'm K) 

Hv vt i u c // is Ihc «ame al all noint* along thc rod*. u> A^Ar a Ihc «ame for any nretton oflhc rodwith le 
Ax. Thuft : j i: i .m)^(r M -j; VMSOcrní gjvei that T U ~T ~ 26,7 C 1 and T-73JX. an airead)' 
cakubtcd 

17.66. lot.Mirv: Foramdung nhasc rramilion. O-mL. Thc ratc ofheal condueüon is ±* * J 

SrFLTp: Forwaicn ^ -3.34x10* Jkg. 

K\*:c i "Ft: The hcat condixted hy thc rod ¡n 10.0 mtn » 

Q = mL -(8Mxl0 1 kgh3 34x 10* Jkg)- 2.84x10' J. £ =ÍüllÜ_Í= 4.73 W t 

t 600 s 

^(li-Ir) (1^5x10"* ro'KlOO O 
EVAUMFE: Thc hcat eondueted by Ihc rod ¡* ihc hcat ihat cnteri thc ice and prodttcs Ihc leíate change. 



i : : Chuptrr H 



17.6?. Ideviifv 4ixl Ser L'p: Cali ihc tcmpctaiurc al thc interface beiwccn thc wood and thc *tyrofoam T The hcal 
curren! ¡n cach malcría! ti given by // = £fl J¡, - 7 ( tfL 
r 



,--iftot 



Scc Figure 17.67 

r - I9(fc HcMcurreolÜiroughihc woed: //„ -í R .4<r-7¡)¿, 

cunen! through thc tfvrofoam: // -*/f<7\ -J>I 



Híure 17-67 

In tfcady-tUtc heat utei not aecumuiale in cjihcr materia!. Tbc tamc hcat has lo fu** through boih makmk ¡n 
tucceraion. %o //, - /J 4 . 

team Mihi% K«|te *^r-7¡)^ -44?¡ -ryx^ 

r _ -00176 W *C K -.00057 W fl CK ^ 

~ 000206 W'K 

EVALUATE: Thc temperalure al thc junciion íi much citwcr in vahic to f Iban to r. Thc «lyrofoam ha* a very 
io a lorscf temperature gradicni u rcqujrcd f*w llun fue wuod m csiabltsh thc same hcal curren!. 



(b) lotivnrv indSKF te: Mea! llow per *uuarc mclcr » _■ . 

wood or for thc *tyrofoam; thc rciulti musí be thc tome 

1-AMUí; wood 



,0.0.0 W. m -K>'- S, '' C -'- |fl0,C>, . l UV^ 



^ 0,030 
itynrf 



ü it ,^ ¿( 0.,|0W lB K| WC - | - 5W », ll W^. 
A 0 022 ni 

El ai t vrn: // mu*t be thc *amc í*>t hoth malcraU and our numeml rc*ulti show thet. Boih material* are g*»od 
insulators and thc hcot flow u very 



f L 

SKI Lr> T H - r ( = 1 75 e C - J5 e C. I K - 1 » Ihere i* no need lo com er! thc lempcraiurci to kelvinv 

j 4.0*10 ; m 

4b) Thc powcr inpot musí be 196 W. lo reptace thc beal eomhieled Ibrough thc walb. 
EvauiaTE: The heat curre nt u sraall because k ¡s «nal! for fibcrgla&v 
17.69. lDEVf1*Y: AppIyl^K 17 2*1 fl-fl*. 

SErUP: IBtu = l05SJ 

EHCUTBS Tlieencrgy thattlott^inliinc/H Q-t/t-d^Ls- ^^p^ ^<5.0 h> ~ ?0S Blu - 7.5* 10* J, 

EVALUATE: With the given uniti of bucean u»cJ in íl\ Af io ; in h. and thc calcularon then givv^ 

pinBlu. 

IT7«. iDtvorV: &t b die xunc for bolb «ctioniof thc red. 

SKI Vtz Forcopper, A, -JWW/ni K. Foruccl ^502W.«i K 

^ ^ ^ Q <JR5 Wvra KH^OOwlO * m J HIOO*C-Ó5.0*C) , „ „ 

EXECVTI: tu) Fot thc coppcr sccihhk ^ i =5J9 JAi 

t 1.00 m 

(bíForthetíeelseclKMut-— __ =0242nt 



EvauiaTE: The thcmuil conduclivity for mccI ¡smuch le** than thai for coppcr. io fot thc same Afand/f 
iinillcr ¿ for Mee) ivixild be needed (ar thc %amc heal currcnl a* in coppcr. 



17.71. lot-Min and SkfL'p: Tbc hcal conductcd thruueh Ibc boltom ofthe pot goctinto thc nalcr at IOO°C lo iccvcft 
il lo «team al lOirc Wftan cakulatc Ihc amounlof bcai flow from thc m^M of material ihai changa phase. Thcn 
uk Tq< l7.2l)focalculale the tcmperalure of the knvcr sur late ofihc pan. 

I \n i n : fj . mí. - II) 390kgH225ó*lO J lg| - H.79R* 10* J 

ff-{yr«L7Mx|0 l J lROw4.HSH*Í0* J.'t 

Then Jf-m.-*)A r a -F f , « .("Bgxltf ^SQxIO^n,) 

fel (SU W.nvKXO.lSOnVi 

T H * T r + 5,52 C = 1 00*0 * 5.52 C* = ÍOS.SX 

EvaUíaTE: The ■ ■ gei J¿-r c h thc largcr // h and (he fa*ler ihc walcr boilx. 

17.72. lotMVFV: Appty Eq4R2l)and wlvc (oí ¿ 

Su Up: Tbc arca of each circular end of a e\ linde? i* rclatcd ta the diamelcr 0 by ^ = .rfl ■ 2 r For 
Mccl ¿-502U m K The btaling walcr ha* I - 100 ( \ n> A7-3Q0K 

EncUTK: £-4.*^ and 150 JS -(50.2 W>m K)A\ Tbbiuive* /l-4,9ft*IO 1 m'. and 

D±jAAíx sj4r4.9fi*IO~ A m J )/* =8-0x10 _í m - 8.0 cm. 
Eyaji \n ; // ¡acrca&cs when .í incrcaic*. 

17.73. iDEVfltY: A-Síumc the temperarme* of Ibc lur faces ofthe wrodow are thc ouUidc and minie temper ature*. Y.se 
thcconccpt of Ibcrmal rciitlancc. For parl(bi use ihe fací (bal tthen ¡n&utatine material* are ín Uwrv thc A valúes 
are addilive. 

L'P: I tumTaHe 17.5. t - OíW m ■ K :w ílasi. R-LL 



>.20*10 " m 



EXKtlTE: M l-«r the gira. Jí É -6.50*10 m K W t 

Jí 6.50 ' mT-IC'W 

(») For Ihc poner, _ 0 50*10 ro _ M|5 ^ ^ w Thciotaltf ix ■ 0,0215. m'-IÜW. 



0.05 W m K 



Jf 0 0215 rn" K. W 

EvaUiaTE: Inehycrofpaperdecrcattc* thc me ofheal loubya factor of about 3, 

17.74. IDENT1FT: TT»c rale ofencrgy radiaicd per urui arca b — - caT 4 . 
SETUP: A blackbody ha* e*l. 

EXECirre: («> ^--(lKS-fiTxlO-* WW'IC , )(273K^ , =3l5W/m J 

<b> — -(lKMTxlO^ WAn 1 'K*K2730ICÍ-Xl5íclO i WAii* 
Á 

Knaj.i "afe: Whcn thc Kelvin lertipcraturc incrcase« hy a factor of 10 the ra te of cocruy radiación increasc* by a 
factor of I0 4 . 

17.75. iDEVtlfY: UwEq.il7.26Ho calcúlale 

SEf UP: //^ = tórír - O <Bq^l7.26>; Trnuil be in kclviru) 

E-xarnple 17.16 goe* Amí2m\ f-UX and T*3CTC = 303K (body «urface tempera ture* 
r 4 »5.0 tf C = 278K 

Exi:c t Ft; = 573 J W - 4064 W - 167 W 

EV AUi ATE: Xole that Ihu w larger Iban calculated in £xampk 17.16. Thc lower tcmperalure of the 
<4urroundine> i »c reates the rate ofheal lou by radiation. 

17.76. iDEvnrv: Tbe net hcat currem ti // - Ac&i T* - T^y A power mpuic^ual lo // w rcv|ujrcd to maini^in con&iam 
tcmperalure of the «pberc. 

SEF UP: Ibeiurface arca of a qihere ii 4<rr . 

fcVCirRl W^4T(O0l50m) ! (0.35)(5.67xlO* W.'m* K*K[3000 Kl* -|290 ^4 54"10* W 

EVAUrATE: Sin ce 3000 K > 290 K and il ú proporbonal to T\ the rate ni em»Mon ofheal encrey h much 
ercaicr than ibe rale ol ab*orptton ol hcat enerv\' from thc ^unoundlno. 
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17.77. loEvnrY: Use Eq*(l7.26) lo calculare^* 
SrF Ur: H - AetrT* *o A - Nt&pT* 

1S0AV;mdallcktfricalcnergy conain^ is radialcd says // - 150 W 

EuitUTE: ¿ = 1 -11*10 * rn'ílxlO* cnfll m J ( - 2A «* 

(035X5.67x10' ttW K 4 M2450 K) 

EYaUjaTE: Lighl butt> Ularncnts are orlen in ihc *hapc of a lighiry wtund cod lo mercase the *urfacc atea; Urgen 
¿ mean* a \u$a radialcd pw //. 

17.78. iDBmrv: Appty // - A&tT' and calcúlale. f* 

StflP: Fora^rcofradiusff* 4-4TJ1 1 . ít -5.67x10 ' W«W *K*. The radiu ofihe carth b 
« =6.38x10* ni. Ibe radiu*of thc*un ¡* ft„ =6.96x10' m. and Ihc dUlancc bchvccn (he carth and (he *un i* 
r*l-50x|0" m. 

„ ^ Fa \m&r*\ rw 1 

EJBCims Tlic raiius u ínund Itom A - I — -.1 I — . 

4,t£t r 



/ (2.7x10" W> I .__ . - 

VJ,t<S 67x10 k W.W >K 4 ) (1 1,000 K)' 



.1.D..0-W, L-^J-.O-m 

4^(5.67x10* W.W-K'MiaOQOKj' 

EVaLuaTE: M The radius of Procyon B U comparable hi that ofthe cnrth. and the radius of Rigel ñ comparable tu 
the cacth'iun disiancc. 

17.79. iDEVtiFY and Ser L'P: Use ihe icmpcraiurc d(ircrcn*c in M' and ¡n C bclwccrj Ihc mclting and boiling potnls of 
mcrcury lo relate M p loC". Alsoadjusl for the diJTcrcnt /ero notnls on the two «cales lo gct anequation Ibr 7* u in 
terra* oí Te. 

0)EXETITC: norma! mclling noínl ofmercury: -WC -O.fr'M 
nixma) boiling poíni of mcrcury: 35? T C ■ I000 T M 
100 0°M -3960**0 I M*=3.96C 

Zoo on (he M scale is -39 on (be C scalc* u> lo obtain T € multiply T u by 3.96 and then *ubiracl 39*: 
Solvió for T u give* T H *39-) 

The normal boiung point of water i* I00°C: T v =^(100**39*) = 35.1 S M 
(b) 100 M° = 39.6C* 

E VAHA FE: A M" » largcrthanaC'sinceit lakcs ftwvr of thcm tu exprés* ihc dillcrcncc belween the bmling 
and mcliinji points Ibr mercury. 

17.80. IDEVTIFV: Appty Al - i^a\T lo Ihc radiu* of the hoop. The th»cknc«of Ihc *pace cquali ihc ¡ncreaMr io radñii 
of Ihc boop. 

Sr.r I'p: Ibeearth ha» radio* -6.38x10^ mandth¡s.iilhe ¡nilial radiui ^ofihe hoop. Rtr tlect. 
d-lJxiO 1 K \ 1 K = IC*. 

t\M i 1 1 : The incrcaw in Ibc radim of Ihc hoop woukl be 

\R IUt\T - tt* %\ xIO 1 ^ m«l Z *Ht K 'XO.S K)-38m. 

EVAUiArE: Evcn though Mt » large. the lractii>nal change in radium Aíf-A.» » *vr\^ unall. 

17.81. iDBnmr: The voluitw mercara by M-l'JM and ihc mas* t* conslanL p*míV. 

tttUn Copp« ha* demuy ^ r -K.9x|0 v k^W andeoellkicniofvYiluineexpaniion .■ ; . .i - 1 (C")~\ The 
tubc b initially al tcrrftctaiure 7' . ha* ódc*of kngth L , votume r dcn*ity , and coclTicieni of volumc 



C\t;Ci rt : (tt| Whcn Ihc lemperaturc mercase lo T t * &T+ the volunic change* by an amount At\ wHctv 

áv = ^i; Ar Tbm f ^ - * ™ el*»««» lin t? &jP m v ^¿ r * : 1 '' ' J L <hc * IUj botUl,n ^ *é ^ 

lubttituie -« í' Tben /* - — — — . Thi* can be rewntten a* />- pJA + fiM | Then ming the exprcuion 

[l+xf *\ + nx m uhere /j=^(1-^7"J. Thi* i* aceuraic whcn ixunalL whkh ii thcea*eif 

&T*v* Vff. Y'fi i* on the orderof I !>"* C and ATt% Ivpkrally about 10" C 5 orle**, so lhi& approxtmation is aecurate 



Temperatura and He* 17*15 



ti» The coppcr cube ha* lidc* of kngth 1 25 cm - 0,01 25 mand AT ■ 7<M>*C - 20.0*C ■ 50.0 C*. 
Ar&^ArsCS.UIO'NC*) '«0.0125 m/(5QAC")«Sm1V* m\ Sinululy. 
,j*(8.9*IO* kg>WN!-(S.lxlO* (C*> , X50.0C*» = B.*77xlO í ItgftV. Thereforc, V IH B^< 
K\'Ai.i".\rK: When ihc temperatura inereasc** thc volunte dccrcaNc* and thc ácnury incrcasci- 

17.82. iDEVtirV: i - JF> - -jFLm. For thc lundaincnlal ¿ - 2i. and / = — J— . F* i* aiid ¿ ctunge w hen 

A 2 V »i¿ 



¿hattgc* beeaute 1 chances. -U. - /<íA/ , where L i* Ihc on 
Si rlp: Korcoppcr* <r-1.7* I0*(C°) 

ExcriTr'.: (a) Wc can u¿c ditfrrcntiah to find thc frequeney chance bccau&c 4ll length chance* are hiuiII pereenh 
A/»^M (t»ry¿cbMge* docto 

4/ = -4<oAT)/ * -1(1.7x10* <C w )')|40C , K440lkj--O + l5lk Thc nequeney dccreaie* tince thc Icngih 
EÉ)J-Ul»A2«ttW^-^-^-Mr. ^.-(1.7x10 1 (O 'KOO C*>-6.HkI0^ -0.068%. 



J 

EVAUiaTE: Thc «uve ¿peed and wavclcncth mercare when tltc (ength increaNc* and thc ftequeney dccrcaic*- 
Thc percentaje chantre rn thc írequeney U -Ü + CÚJ™* + Thc fraclional cbange ¡n all incsc quantític* ¡* very irnalL 

17.83. lot-MiH and Si. t L'p: Use i^jir si for Ibe volume expansión of thc oil and of thc cup + Dolh Ihc volunte of thc 
citp and thc votunic of Ibe olive oil inetcate when thc tcmncralurc ¡ncrcaáct. but fi \% larger Ibr Ihc oil m> ¡t 
expand* more. Whcn thcoiltfanxloincrflow. AV^ - Al*^ * ll.ÜO* 10 1 mi.l whcrc.f et thc croxvscctional 
arca of Ihc eutv 

ExtCUTE: áV^ ■ *;,,^Ar * (9.9 cnMfíjdT 
A*'^ " % ll rVi Aff ; «nlA^^AT 
<M cm|AA 4 Ar-<IOOcm|A^ w Ar*<LOOxlO * mW 
Thc ^ divide* out Solvinu for AT give* AT" m \53 C 

l!\ au iaTE: If thc expansión of Ibe cup i* ncglccled* thc olive oil will nave expanded to lili thc cup when 

ii) HWcmH -^»emií/>\ r \J\ *> A/ 15 ÜC «id !¡*3MPC Our re*ilt n *lighfly lugber iban thi* + The cup 

al*o expanda bul not vtry mucb unce ^ * /f^, 

17.84. lotvim; Volume expansión: dV^fiVár. fi- . 

Si:f L t p: di dT h\hc tUmaf the craphof Tvcrtu* T. ihe u.raph civen m fiiture I? 12 in thc Icxlbook. 



I ' \ m m 1 : ; ' ■ — - — " ' . Comtruct Ibe tangent lo the granb at IT and ftHT and mesure Ibe slope of Ibb linc. 

fXIOcm' 0.l0cmV3C° 

Alíí'CiSIcfie*-— andr*)000cm . ft*- *-3xl0 f iC*Y *. The xlopc in ocualive, « the 

JC* 1000 cm 

water contraetíoriiwbcaled At 8 g C: alopc * 0 and V * 1000 ero*, fl * 0 > 6 x 1 0 "* (C) ( . 

The water tt&w expand* »hen beated. 

H \ vti \ri ; /í > 0 when thc material cxnandt whcn hcated and /í < 0 whcn ibe material contracix «ben il b 
hcaiedn Thc mínimum volume i* al aboul 4 J C and 0 ha*oppi>*ite *igru ahove and helow thi.% temperaturc. 
¡7.85. iDEA-nn: Use Üq.i 1 7 + 6> 10 fmd thc cbange in diameler of thc *phere and the cbange in lengüi of the cable. Set 
the tumof Iheic two Íncrea>ei in length ct|ual lo 2.00 mm. 
SKI Lta 2.0x10 * K 1 and cr^s | f 2 trio 1 K 

I ■ vm v i i : AI = íflw¿, to 

(2.0x]0 4 K *)(0JS0m1 <-(1.2x|0 * K H10.5 m) 
CVALUATK Thcchanire in dianicter of thc bra» spbcre i&O.IOmm* Th» u small Kii *hould r»*H be neirleetcd. 
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17.86. IDEVTOY: Comcrvation of cncrgy %ty\ ( J + <J ■■ whcrc gand O are ihc hcal changc* for ihc cthanol and 
cyunder. To find thc volunte of cthanol thai ovcrllow* calcúlale Al' for ihc cihanol and for thc calinda. 
SETUP: ForcthanoL -242SX kg K ¡wd -75*10^ K"*. 

Uvií i n : (i^tQ^O givc* *r ( c t (r, -|-IO.tr*CJ>**t % c;<r, - 20.0 fl C|)*0. 

r ^ilO.ff'Omx-ilO^Oo^ r b (20.l) fl C)(0.il0kgH840 Xfcg K)-(l0.ff J CHOOH?3kg)(242S JfcgK) 
f " wc, + «^ f " <0.DS7 J kgK242K J kg« K)> <0< 1 10 kgHH40 J kg Ki 

r,»l£í^-aK92*c 

' 30W 

<ht AK-pf.Ar^OSxW ** '«10» cro'H^8«*C-I-IOO^-^738cra\ 

AK-AKAr-íUxlO* K ")(IClScoi'){-0 + S92 J C-20.0*C) = -0 i CQ7lan l í The votan* Irai <rtcrfl<w* » 
a?JB cm* -<-O.027l tm*) = 0.765 cro\ 

EVaUaTE: Thc cylindcr coots «o it* volunte dccrcaxei- Thc cthanol muiih. so ifr volunte ¡ncrcaxci. Thc turo of 
(he magnitud?* ofibchvo voturnc changctgivci (he votante thal ovxrilow*. 

17.87. iDCVtin andSfir L'p: Cali ihc mcuU A and D. Uw thcduia inven tocaJculatc a for cach metal. 

l \m i ii" AI ■ .■ . \ .' so a MJ\LA^\ 

AL 00650 cm < 

metal A; a^——^ ^2 167*10 "* ÍC 5 ) ' 

Ur (JO.OcmMIOOC*) 

metal B: « =-¿L, a03SQcm ,U67*10' (CT' 
* ¿^r pOOcmHIOOC 1 ) 

EyaJ-I AFt: and Af are the xatne, so Ibe rod Ibai expandí (he most ha* thc lurger a. 

Id*-n nn and S#;r L'P; Non' connder the composile rod (Figure 17.87). AprJy Lq ( I 7.6 1> The targel variable* are 
¿* and Ibe Icnglhsof thc rncials A and 0 in thc compositc rod. 

. ¿ * , , 3M*--¿ A b Araiooc* 

A¿- 0.058 cm 



M|E»rc 17.87 

I \n i M : * Ai, * + ff^^r 

A¿ AT - +a* (0J00 m - tj 

¿ iiXiAr-(OJ0Om^ (0.058*10* oVIDO C*)- (0.300 roXUÓ7* 10 *<C) ') 

J 1.00*10* (CV 

¿ # = 30.0 ero - ¿ | ^JO.O coi — 23-0 ni - 70 ero 

Eyaji Af£: Thc expanxíon o) thc coronóme rod w «¡milar lo Ihalof rod/J,so thc europoute rod w moitly 
mcttU- 

17.83. lo&vnrv: Appty A*' - r,/t\r lo Ihc gaxolinc and lo Ibe volunte of Ihc lanfc. 
SefUP: Foralunnnum. fl*72*W* K"\ IL-I0"*«\ 

E\*:c t ic (a> The losl volunte. 2.6 U ¡* the difTcrcricc bciwccn the expanded volunte of thc lucí and (he (anki. 
and (he máximum temperature diflerenee ii 

The máximum temperature wai 32°C. 

<b) No lucí can sfiill ifthe tankx are líllcdjuit before lakcofT. 

EVaUTaTE: Both (he volunte of ibe gamline and (he capacily ofihc lanki increa»rd i*^»en rincrea^ed. But /f i% 
larger for ga&ohnc than foralurolnum so (he volunte ofibe gaioltnc Incrcjued more. When the lank* have returned 
to 4.0*0 on Sunchy moming there ix 2.6 L ofair xpacc in thc tanks. 
17.89. IQEYTIFY: The chance in kngth duc lo healing ■ A£ # ■ r^oArand thn need nol cqual A£. The change in 

Icngth duelo ibe leruwni* áL, — Sct V - A¿, rA^. 

A } 

StTVti a^ulAxW* {C*y\ a^» 1.5*10 *(C*) \ Y^^lQxUP P± 

Excc't'rr: (a) Thc change in Icmith ú duc m the (cn>ion and beatinit . + a¿T. Solving foc F/A+ 

i, AY 

f Jal 

A U 
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(b) The htn*x bat n given as "hewy" and thc w iré* are given a» "fine," mi it rnay be assurncd tlut Ihc stress m Ibc 
bar duc lo thc fine wires docs nal aJTccl ib: amounl by which Ihc bar expanda due lo Ihc temperature mércate. Thú 
\nl AL is not /ero, huí i* (he amount a t*,AT that ibc bru» expanda and so 



EVaU afe: Thc kngth of thc brast bar mercase* more iban thc Icncth of Ihc rtcel wires, Tbc wire* rernain raui 
and are under icraion when ihc Icmperaturc of thc *y*icm israísed abo ve 20 r C 
17.90. Idemify: Appty thc cquaiion dcrivcd in rxirt la) of Probtan 1189 to Ihc sicel and aluminum sections* Tbc lum 
of thc AL valúe» of thc iw sections muit be zero. 

SOVft ForsiecL Y- ZOxlO 1 ' Pa and 1.2*10* (C*> 4 . For aluminum. v = 7.0*10" Paand 
* = 14-10 * (CV- 

Emxife: Jndcrivmc Eq (17,12), ¡l was assumcd that A¿-0; if this n not ibc case when ihcrc are both therma) 



ind MütMm, Eq. <17 . 12} bccomei A¿ -¿^«AT"» — j r (Scc Probfcm 17S9> For thc situation in this 
problcm* there are rwolcngrh change* xvh*ch musí sum to ¿ero* and «o Eq.( 17.121 may be extended to kwo 
malcriáis a and b ¡n ibc íbrm LJa ' AT +*—•(+ £. A a AT+-—\-0> Notcihat in theabove. AT. F AoáA are 



thc same for thc two rock Solving for ihc stress FiA* — ■ - — * — AT. 

r_ <i.2*io* (cV^o-asom)^*^ 

^ " «0J50 m/2Oxl0" P&) + (0.250 mflxltf* Pa» 

EVau'aíe: ^. /iUnegaiivcand me rtres* is comprcssivc. Ififostccl rod iras comidcrcdakHK and ¡ts kngth 
wai hcldtlxcd. tlw stress would be -Y^a+^AT ~-\A*\tf Pa. For thc aluminum rod alone the slrcss would be 
-Yf riti <i^_ i AT - -I.D* ID* pa. Tbc strcis for thc comhincd rod tí thc average opínese rwo valúes. 

17.91. (aJImiMií V andSfcTUr: Thc diameier ofihc ring uncfcrgocs linear expansim (increasc* with T} jusl lite a 
soíid ficel disk of ihc lame diainciet ai thc hole in thc nng. Heat ihc fine to malte ¡ti diantcicr equal lo 2 5020 m r 

KXtCirrE: AL-aLAT to AT- — = 00020». _«66JC* 

^ (2.S000 «.XUxlONO') 

T - r # f AT » lO.O'C + 66.7 C 5 - 87* C 

iDCvnrv andSKF Lp: Apply thc linear evpamion equation to thc diameier of ihe hrau %haAand to ihc 
diamcler of thc hole in ib: iteel ring. 

Want /, wel*- ttaiwi forihciarnc AT for both raterial*: ^(U^JTíb í»(lt^Ai , | so 

Ar í,» - 15020 ¡n - 2.5000 «i. 

"í^-l^A "l"000 io.)(!J>íl0MC 1 l')-(2.S050 ¡n.X2.0-l0 '(C) ') 

Ar» -C--LO0C- 

3-QDx]{r-5.0QxlQ^ 

r * r, * Ar = zo.o'c - 100 c* - -«or^c 

fc\ Al t xfk: Both diamciers decrease when ihc lemnerature n kmcred bul thc diameier of ihc brau ^hafl 
dccrcaxcs more «mee ~ |A£J -0 H l»20 in. 

17.92. lot-vnn: Follow thc denvation of Eq.(l7.l2). 

Skf V?z For siccL thc bulk modului w B = L6xltf' Pa and the votume expansión eoenWicnt b 

í»3.0-10* K" 1 - 

Exf.citf^ ta) The change in volume due to the lemperature incrcosc is fi\'.\T. and thc ehange in wlumc duc iti 
the pressurc inereasc b "jpV* Setiing ihe nci change equal to/cra //l'AMj. ot .V-//flr 
<b)Fromiheabovc. Ap-iiÁxltf* H)Q*xlW* K »i 1 1 ■> K* - s ^ - H> P& 

EvAl-tAFE: *V m tb> i* aboui K50 aim A stiuLI icmpcr^imc h>ctcj^c cí<tv^xx!n lo .i vers larsc «emurc 
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17.93. lots nrs: Appty Lq.(l 1.14) *o thc volume mércate of Ihc (¡quid due lo ihc perdure decrece, Eq(17,£) pvc* 
(he volume dccrca&c ofthe cylindcrand liquid tvhcn ibey are cooled. Can ihink of (he tiqiud expundimí when (he 
prcisurc ñ rcckiccd and then contracúng lo me ncw volume of ihc cyLindcr unen (he tcmpcraiurc ¡* reduced. 

Si:f UP: Lct ft and be ihc cocflWicnti of volume cxpaniMm fot thc liquid and for ihe metal. Leí AT be the 

(ncgatívcl change in tempera tu te when (he sysicm n cooled lo thc new ternperaturc- 

Exccirre: Change in vohime of cylindcr wben cool: AV^ - fl,) f AT (ncgativcl 

Change ¡o volume of liquid vhen cool: &V t * fi t VjST 'ncgativcl 

The diiTcrcncc W - W Mt mutí bcequal lo Ihc ncgairvc volume chance due lo thc Uleréate in pretture, whieh ix 
-ApVJB = -k/Spi'r Thua áV t - 6V m = -k^pF^ 

(8.50-10 " Pi 'HS0.0aunM 1.013 xlO 1 Pa'1 aUn| 
ai * ~ — ^9.8 

4.80x10* K '-3.90x10* K 1 

T - 7", * \T = 30.0°e -9IP« 20.2 a C. 

EVALUATE: A modcsl tcmpcraiurc change produce* ihc sime volume change a* a larye change in preMurc; 
5 ^ p for the liquid* 

17.94. iDí.Min; O t -- «0. Aiaimclhai (he normal mcltmg point of ¡ron b atuve 74S C C. «o the iriwi initially i* hiIhI 
SETUP: Forwalcr, c ■ 4190 J kg K and =2256*10' J'kg. Foriolidiron, c-470JAj-K, 

EXíXirTE; Thc hcat rclca*cd vthen (he ¡ron dugcool* lo 100'C b¡ 

O -mt \T - |ti .1000 kgK470 J IhU KH645 Ki -X03*I0* J. The hcalabiorbcd when ihc lemperature of ihc water 
t% miedlo IOOXTd p- mí AT -<OJ>750 kgK*l°fl Jkg K mKO (i K \ - 2 51 » 10 1 J Thim lea than (he heal 
rclcaicdfomlheironand 3.03x10* 1-2,51*10* J =5.20*10 V J ofheal i* avadamc for convertmg *omc ofthe 

liqu>d waicrat 100*C lo vapor. Thc maiv inofwaierthalhoibii _-í!_^¡_J — =130x10 * ku -23g 

2256x10 Jkg 

<a) Thc final tcmpcraiurc bj IOO*C 

(b)Thete U 75.0 g-2.3g = 72.7 g of liquíd i*ater remaining, to Ibe final ma» of ibe ¡ron and rcmaíníng n-a(cr ü 
172.7g. 

EvaUiaTE: If v*e ignore (he pha*c change of ineualerand write 

m,„t^[T-l*$ p C)*Mt M c^ tt ir-2Q(fC) = & *hen i** »ohe for Ti** wiH gcla valué brger ihan 100°C Thai 

repulí ú unphviica) and leiU un ihai %omc of ihc water chaitgei pha*c, 

17.95. (a) [DUmFV: Calcúlate K Q. We don^t know thc ma**ui of Ihc qtacecralt. bul it divide» out of Ihe raik>. 

Si: r i. p; Tbe kmclic cnergy b JC ■ -mi'. The heal required to raitc iu icmpcraturc b>- 600 C ibut nol to mch H} 

U Q-mc&T. 

0 mc&T 2¿&T 2(910 J kg KK600 C 9 ) 
ih) E\ ALtiATE: The neat gencraicd when frietion ^«ik (due lo fnclion forcé exerted hy ihe airi rcmmex thc 
kinelic cnergy of ibe tpacecmfl during recntry it very largc, and could mclt ihc inacecraJl. Manned %pacc \ehiclct 
mutt :;■ ■ . heal thicldt made very bígh mcltíng tempe (ature material*, and recntry mutt be made %lovHy. 

17.96. IDKNT1FV: Thc rale al which ihcrmal cnergy it being gmcraicd cquals (he rate al whkh (he nci (orque duc to the 
rope i^doing vrork. The energy ínput aíaociaicd witha lempenirure change n Q - mc&T< 

Stt Ir. Tbe rale at which work a being done h P*m For iron, c - 470 J'kg K 1 1 - I K 

C\i;c t Ttu (a) The ncl lorque that inc rope excrt* on thc capslan, and henee Ihc nct lorque ihat thc capolan exerto 
on (he rope. ¡* Inc dilTctence bctwccn (he Ibrcei ofthe cndi of ibe rope lime» Ihc radiusof (he capitán. Thc capolan 

iadoingmrkontbc rope ata rale f-nt-J^r-— — »(52iN)(5.0x 10 J ir.; ~" " U ' .s: ^ orlROWto 

two tlgurc*. A largcr mimberof tum> mighi incTea&c inc torce, but for giren forcea, thc torque it independen! of 
(he number of mn». 

„*£.-5¡:-¿- ÜEÍ2 0.064 c-a. 

r me me (6.00 kgK^TO J;kg K) 

Ev.u i AFt: Thc raleof temperature rite iiproportional (o Ihe dilTcrcnce in icn^ion bemven ihc endt of ihc rope 
and (o (he rate al which (he capitán u roialing. 
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17.97. Eot Min .mi! Si fL p: To calcúlale Q> use Eq>( I7JK) in thc Ibrm dQ-itCdT and intégrate, uaing C(D givtn 
in thc problem* C dJ i* cbtalncd from fqi I7.l*í) u:ang the finí te temperatura tange mticad of an infinitesimal dT. 
Execlte; (a) JQ-mafT 

■ í afii y. 

* rt AT 1.50 molí 40 + 0 K - 10 0 K í 
<c) C-A(rW=<IWOJ. l rool KH40.0 K.2BI K) 1 -5.60 J mo4 K 

EvauiaFE: Ci* incraaiing wilh 7\ *a Cat ihc upncr crxl of thc temperatura integral u tarcer thait tu a 
valué over thc ínter vil. 

17.98. iDEvnrv: For a Icmpcfaturc change. (? - mcÁT, andforibc liquid ~»solid ohan: change O - -mí. 
Sur U' Tbe volume t\ ofthe waicr determinen Ib rra*i - pj\- For i*atcr. p, -H^Um'. 
c»4l90Jkg Kind ¿, ^334*10* Akg. 

EXKCirrE: Sel thc hcal cncrgv ihai flows inlo the water equal lo thc final gravíiational poicntial cncrgy 
Aa'* *í^jy7" - mxh So*vmg for and imetting oumberv 

^ (1000 kg/oi'xi^xftjt^ftl 10*1(334x10* Jjkg + (419D J/kgKKBTC*)) 

í70kgW9« r¡y?) 

A-l + 0Hxl0* m-IOH km 

EVAUiATt: Thc beat anocuted uith temperatura and pha¿c change* correspondí 10 a lame amourrt of 



17.99. loEVTirV: Appty Q-mc^Tto the airiri thc room. 

SKI y y Tbe mu* if air in ibc room ¡* m- fV ~ {120 kg nV)(3200 m) - 3K40 Lg IW-I lv 
E\j:c 1 11 ; u> p = (3000s)(90*tüdcnt*HlOO J * rtudenl)- 2.70xlO T J. 

M0.«*r. Ar=-£. H^llíU mc* 

i3S40 fcg)íl020 fkg K) 
«AT-(0I0(55)-IMC. 

E\ al 1 u 1 : In thc ab*cncc of a cooling mechanisn Ibr ihe air. ibc air temperatura would me *ign¡fcariity> 

17.100. Idctiifv: MJ -nCdT w for the temperatura change 7¡-*7" 3 , {J = flJ f ' J C<rk/r 

SVTW: JííT-rand JrrfT = ^r J , E*preH Tand rinltelvuu: 7; -300 IC 7, -50OIC 
E\*;ti ii: DctKHingCby C -a + hT. i?andfrín<k^ridcntnrtcnmerarurc^ínlegratitingi\^ 

r2-(3Wmolx295 J/mol ■ KM500 K - 30Q K) + (4> 10* 10 1 J/moi- K 1 K<5Q0 K) 3 -(300 Kl*)). 
0-1,97x10* J + 

EvaUiaTE: IfCUaAairiKdlobavcihccomtaM valué 295 Jrnol* Ihcn Q = 1.77x10* J for rhb letnperatura 
change Al ÍJ-300K. C ■ 320 J 'mol K and at T¡ - 500 K. C-*33.6 Jrnol K. Thc awtagc vahic ofCíi 
12 .S J iT»t K. irC¡*a»unicd tobe eunnanl and (o have thUavcrage valúe, iben 0-202-10*;. ^fcich ¡* v-ithin 
3%of the corraet vahic. 

17.101. loEvnFY: V%c Q^mL to fmd the heat thalgocw ittlo ihc ice to metí iL Thiiamouot of heal muM be conducted 
thnxtgh thc »alb of thc boa; Q=iít> M*üme thc *uríbra of Ihc *l> rofoain have icmncratura^ of 5WCand 2IXFC 

Srr Utz Korwaier t -334*IO l Akg. ForSt>Tofoam í - 001 Wta-K. Oncwcek 1% 6MS*I0* i- Tbe 
araa of Ihc box ii 4(0.500 rañO ROO m>* 2(0.500 m) ; ■ 2.10 m\ 

i \m i m : goml, ^i25 + 0kgH334x!0 fc J.kg)-8016xl0* J. //^id 7 " . 0-//rgMi 

¿ , , (6.048y|Q t sK00l W'm- KH2J0 CT J )(2l.0 a C-5.0(r 0 O n 5 ^ 

(* 8J>l6x10"J 
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EVALUATE: Wc havc asmmcd thal Ihc Ik|uhI water thai ¡* produced by mclling ihc ice rcmains ¡n ibcrmal 
cquilftiríum wilh Ibe ¡ce so has a temperaiure of 0 : (". The interior of thc box and ibe ice ore not in thcrmal 
c\|uilinnum+ iincc thcy nave difieren! tcmpcraiurcs. 
17.102. lot-Min: For a lcmr>*roiurc change Q-me&T, I'or thc vapor -* liuutdpha*c iramitiom Q--mL^ 
For w ater. r-4190 J.kg»K and ^ ^ 2256- I0 1 J kg. 
i Am i m Thc requiremenl ihat thc heal «ipnlwl in cach caséis the «me givo m^AJ^ - m¿c^T A * ), 
where AF. -42 (. K ■..! Ai; -650 K. Tteraiwofihemassesis 

■ ^ , (4190 JAg KK420KI 

ih, c.A^^l. <41*0 J/kg 1^65010*2256*10' J/kg 
so 0.0696 kg of slcam súpolas the Ñame hcai a* 1 .00 kg orwarer. 

EVALUATE: Xolc thc heal canaciryofwutcrísuscdto rindihchcal losl by Ihc condensed ideara sinec the phasc 
transition producen hquid water al an ¡nítíal temnerature of lOO'C 
I7.I0X Mi ImiNTlKV and StT Ur: Aisumc mal all thc ¡ce metu and thai all the slcam condense*. If wc calcúlale a lina! 
temperaiure final boutüdc the rangeO^C ta XWC thcnwe kt*>w ihat thn assunipiion is ¡ncorrecl. Calcúlate Q 
Ibr each p¡ece of ibe system and theo *ct Ibe lolal p^. = 0« 

Kmxi ff.; cfopcr can {chancci temnerature form D O' lo T: no phasc change) 
Q^-mc&T- (0.446 kgK390J 1 l kg*K)(r-0.0 ,s C)=<l73.9 JíKir 

¡ce imching phasc change and Iheti Ihe water produced warm* lo T) 

Q^***^ .m¿Ar-<0 + 0950 kgX334* IO l Jkg>*<00950 kgK*l90 Jkg Kxr-OO"**) 

0„ -3,173*10' J^3*C0J.K>r. 

stom (condena lo Intuid and then water produced cool* lo T) 

fUm *-*k + meAT --(00350 kg*2256*IO l J kg> ^(0.0350 kgH4J90 J kg Kxr-lOO.O-C) 
ft w -^? + 8%xl0* JííW^J.Kír-lWxlO* J*-9.362k10* J*(l4é-6J K>r 

- 0 ¡mphes * P„ *■ G ta a 0. 
(l73^J1C)r + 3J73KlO* J*(39S.O J.Kir-9 + J62xl0 4 J*(I466 JK>r«0 
(7I8.5 JK)r-ó.l89*lO' J 

r. yw,lt ''.^ 

71R5 JK 

EVALUATE: This is bctween 0 ■ C and IOO°Csoouras*umrHionsubout thephawchangesbeingconiplele wcre 



(b)Noiec.nosicam 00950 kg + 00350 kg = 0J3Okg ofliquid water 

17.104. IdiCTIFY: The final amount of ¡ce is kss Iban Ihc «ritial mAt^of wuter + Miw^ierrerna¡mand the final lemperalure 
iiffC. Tbeice added warrm toO'C and heal comes outof water lo cocwert ¡t lo ice. Consenation of cncrgy *ay* 
+ - when? fl and Q. are the heal ftow* for Ihe ¡ce thal ¡* added and for the walcr that freem. 

Si.r UP: Lct m K: thc nta» of ¡ce thal i* added and ui. is thc rnaisof walcr that freera. Thc rnaisof ice 

by032Kkg,M> » ^nt fc -0 32Rkg. For water. L t - 334^ 10 Jkg and for ice . -2100 Jltg K. Ifeal 

mil of the water when il Iree/e*, jo C. - -ml^ 

I \n i n : g *Q a -0 giw» fitcOS.Qt^l + i-m^L^^Q* = 0 J2S kg - « . *o 

c.(Í50C ) W. (2100 Jkg KKI5 0K)* 334x10' Jkg 

0.300 kg of ke wa* added. 

EVALUATE: The rnai* of w h aler thal frore when (he ice al -15.0*0 wa* added was 
a77H kg - 0.450 kg - 0.300 kg - 0 02S kg. 
E7.I05. lotA ut\ jijJ S#;r Vp: llcal comes oul of the sleam when ¡I change* phasc and heal goc* ¡rito Ihe walcr and 
cauic» ¡ti temperatuxe lo ríse. (J.. tl>p - 0. Firsi determine what phases are ptesenl arter Ihe system has come lo a 
uraform final temperaiure. 

(a) EXCCVTS: llcal that musí be removed frorn steam ¡f all of ¡i condenses ¡s 
y ■ -mi. - -nn:m>:t kgh2256x|0' J kg>- 10* J 
llcal atuorbcdby ihe walcr if it hcats all ihe way lo ibeboitin^ poinl of [0(fC: 
y-^Af -40.200 kgM4mikg KH50.0C 4 ) = 4.19x10* J 

EvaUtaTE: The water canH absorb enougb hcat for all thc sicam lo condense. Steam ¡s lefl and ihe final 
temperaiure Iben musí be lOO^C. 
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(1») Exkcxte: Mas» ofíOcam that condena» ii m £fc¿ 1.19*10' 10256* 10' J.kg^O.Olltakg 
Thuithcrct* OXMOO kg -O.OlSokg -0.0214 kg ofilcam IclV Thcamount of IkjuiiI waicr n 
0.01 H6 kg * 0.200 Lk* - 0.219 kg 

17.106. locvnn: Q M = 0. 

Si: l IT: Tbc ma« of ihc *y*«em ¡ncrcw* by 0.525kg-0.490kg = 0.035ki i J w Ihc mu*of thc *icam Ihai 
con den ved i% 0.035 kg. 

EVALUATE: The hcat lo»t by thc Ntcam ai II cándense* and cooU i* 

(0,035 kg>£, + (0.035 kgK4L90 J/kg ■ K i| 29.0 Ky and Ihc hcat gaincd hy ibc original walcr and catorirncter 
ihilO J50kg)(420 J/kg -Ki-t-i0.-U0kgH4l9(> J/kg K ni 56,0 Ki - 8.33 <■ 10* J Selting the bcat k>M equal co Ihc 
heal gaincd and «olving for L gives 2 26* 10 J/kg, or 2.3x10* J/kg lo lwo lígurci (thc ma** ofKtcam 
canden ved is known toonty kwo figures), 

EyalUaTE: £k -#t . ■ 0 mean* the magnitud: of thc hcat thal llow* out of thc 0.035 kg of Meam a* ¡I condense* 

and cool* cqual* the hcat ihal llowi into the eatorimeter and 0.3-40 kg of waier a* ihctr tempe roture increascv To 
thc accur&cy of ihc calcula! mío, our reiull avt ce* with thc valúe of L r gi ven ín Tabtc 1 7.4. 

17.107. lot-vim: Hcat Q i come* out of ihc lead when it solidiflc* and ihc wld lead cooU lo í limas* m 4 of*tcam i* 
pnxJitccd. the final temperatura w T t -100"Cand thc heal that goei into the walcr t* 

Q m -m A C^{25.QC*y+mL am * whete ar^ - 0.5000 kg. Coiuervibon of energy tay% fi*P, -0 Salve for » . 
The mam thal rcmarn* ¡& 1.250 kg + 0.5000 kg-m.. 

SETUK Portad. :^*ld lit c { ■ 130 J kg K and thc normal . . ■ ■ point of lead ¡* Fot 
walcr* c r = 4190 J ltg K and I , :: íóxlO i kg 

EXKtirrE: fl+ff.*0. -«^ + «^(-227.3C^ + »^<25.0C-)t»I A =IX 
^ ^^^^227.30-^(25.00 

Km 

m , t<lJ50kgK24.5xlO i J1cg)^llJ50kg)<l30Jtg-K)l227JK)-l0.50OO kgH4190 Jkg -KK2S.0 Kl 

2256xl0'lkg 

1.519x1o 4 J 

m.~ ■ Q.006? ku The rrui«of walcr and lead tlui rcmairui-s 1.743 kg, 

* 2256 x|0* Jkg * * 

EVALUATE: The magniludcof hcat thal conté» oul of the lead when ¡1 goes from liquidat 327.3 Q C loiolidat 

lOO.OTri 6.76x10* J. Thc hcat Ihai goc* inio Ihc water t*> «nmi m 100°C ís 524x10* J The addilional hcat 

that gnci mto the water. 6.76x10* J -5_24x 10* J *l.52* 10* J convem 0.0067 kgofwaier al 100*C tosicam. 

17.108. iDtxnn; Appíy N -kA— andante for A. 

Si.r l."p: //cquaU thc pov*cr¿nput rcquircd lo mainlatna coiuiani interior icmpemlure 

Fxjctft: k ^if-í— = {\m W> <jqM . 1p ml -5.Qx|Q ? W/m tC 

(2.1Kml(65.0K> ' 

EvaIaiaTE: OurrcAilt Ucomiitcnl with thc valué» for ¡mulaúng lolidi ¡n Tablc 17.5. 

SktIip: For the glan we ¿ = 12.45 cm t tttaeeount for ihc ihertmil resWiancc of the aar filnw on enhcrudeof 
thc glasi. 

I \n i n (m\ W -10.120 J/moLKJ 1200^0.95 m*í 28£C^ — 1 E 93.9W. 

U-OxIO'm^lJtxlO 1 m) 

ib) Thc heal llow ihrough ihc wood parí of Ihc door i% redueed l^ + a faeior of 1-— - O.K6S t wit 

bccomci B1.5W. Thc hcaifttmMhrflUgh the cías* i* //. =Í0.B0 J.Wl-KXvX50in> J | — Í1Ü£ UWOW. 

V12.45h.I0'* ío) 

Mid «olbenin h lL|±i^-] J5. 

EVALUATE: Thc «ingle pane window producen a licnilicani mercas: in heal lou throuj^t thc ctoor, (Sec 
PTobkm 17.111). 
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Si:f Up: Let \T t ■ be thc lemperarure ifaftcrcncc «ero» tht «ood and let \7 ■ — be Ib: lemperarure 
A A 

dilTcrcncc acrcu* thc ¡niulalion- Thc Icrnpcraturt dilTcrcncc acrwu thc combinalton is A7-A^+ A7V Ib: 
eflective thetrna! rcsj-<ilancc flof ihe combtnation n dcfmcdby W — . 

i j # J 

I \m i 1 1 : jir = AT> A1¡ give* —iR^R.^—R. ind R - R * R 

EvaI-I'atk: Agood insuflar ha* a largc valúe offt for ib: ctimbinalion is hrger Iban thctf for anyoncof thc 

17.1 1 1. lot.vnrv and Sur L>: Uve //wriltcn in terrm of ihe ihcrmaJ rcuitance R H ■ .ía/ wbetc A ■ Vk and 
R - R^ R.->. (ackütivc). 

Ku:Cl'FEí single pane R - JT. r R^ . vtbere m**K/W is ihe combíned I herma I reuttance afine 

aariilrm on thc room and ourdoor iurfaccs of me window* 
M^wiAmliJxtV* mH0 + 80W. l ro*K} = a00525 m' K \V 

Thui R t m 0.00525 m* -K'W +.13 m 3 K 'W = 0,1553 m J - K/W. 

daaht: pane id ■ 2/í - + + ^i.* where n thc thcrmal re*i*ianecof ihe air «poce hehvccTi thc pmc*. 
Jr*«JJtv(M*lff* mV(0*024 W/m-K) = 0.2917 m ; K 1 W 

Thüi Jí á -2(0.00525m , 'K/W)+ft29l7m í *K/W+0.l5m i -K;W"04522m 1 'K/W 
N % -A\r R k > //j - ,4A7 /f . w W //, . Jf, /í lance .4 and U ate ame for boib> 

= (04522 nV K ' 'WVJO.1 55 J nV<K/W)a2*9 

EVAUUTE: Thc betf lo** b about a factor oí 3 lew rbrdiccknjblc-ranc vvind<m. Tbe increpe in ^ tota doublc^ 
pane k duc nuuily lo ihc thcrmal rciniancc oí thc j>ir *pacc bctwccn thc 



17.1 12. IdevüfY: // - íüLlílto cach rod* Conscrvalion ofencrey rcquirci that Ibc hcat curren* Ihrough ihccoppcr 
cquab thc surn of inc hcal currents througb ihc bniM and thc steel 

Su Up: Denote thc quaniities forcoppcr, bras* and sicel by 1. 2 and 3, rc*pcciivcly. and denote ihc lempira tute 
aJmcjunct¡onby7¿. 

EXfXtTt: (a) Usíng Eq*(17.2l) and dividing by ihe eommon afea tuve*, 

ii-ílOO^C-ruilT: Solvinufor T gira r». Í^*¿M ílOOtV Suh*litimon of 

nurncrical vahic* gives ■ 7 K 4 i '. 

(MUting //^^ArforeachroiLwib AT t =2\¿C*, AT^&T^IZAC* H % =11* W. tt t ^9.50 W 

and // fc =3J0W 

EvAi.t ui ; lnpart(n}* //. i* »ccn lo be thc sutnof // and//*. 

17.113. (a)£\ECLTC: llf¿it:iii« be cuttdm-ied ln?m the watCMo¿v*iTl it ut I) C jnJ U* ;.tjic tEi- jih.iK' l-ji^iikmi II:*; vr.n^.- 

volume of waicr is not al thc pha*c transition tcnpcralure, juit Ihe upper ísurfacc liut i* in coniaci with ihc kc shect. 
(b) locvnrv: Thc hcat Ihai muu leave thc water in order Ibr it lo ftec/c muM be conducted through thc Uyct ol 1 
ice Ihal has ilready been fotmed. 

So Up: CíwuAcí a %ectÍon of ice that has arca J< Al lime t let thc thickncKt be fu Considera «bod lime intcrval r 
to r + Let Ihe ihickncn that rxeezcn in Ihís tinte be JA. The nta.vi of ihe *cciion ihal ircv/c^ in Ibe bine intcrval 
Jf ih <¿rr ■ pdV ■ yrí i/A. Thc hcat thal mutí be eonducled avuy írom thu mai% of water io Icec/c h 

JO m dm¿i ■ ( ^.t/. iiA. // - jV ^ ■■ m kA(ÁTfk) t >i thc beal i^J conikieicd in uto Ji üuoughoul thc ihicknc» A 

that U aUeady there ii éQ - M ^ ' \t 
kmxlL 
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ExEtlTE: Equate ihcte expresión* Ibr dQ 



Inte^nte fti>m r - O to time /. At * - 0 Ibc loiekncss h i* 



The thtckne** after rime i i* prtporriivtal (o ^7. 

2k(T H -T € ) 2(L6W/m KHOHT-^HrC» 

f-l70h. 

ídíFindrfor ¡ I m i i* prtfwctioeial le w : - (40 mO 2* mi jh 00 - Mi g-láxllF* L Tbi»i*aboui 
500 ycars. Wilh our entreoí elimaie this will ni* happen 

EvaUaTE: . Ys the ice sbeet geu thicker, tlwraicof hcateonckiclMmiorough il decrcase*. Pan (d) *hoiv* thai ¡t 
take% a very long lime for a modérate ly deep Lake to t<Hd!1y frve/e 
17.114. IDECT1FY: Appty Eq.(17.22)at cachead of Ihe *hort ciernen*, lo parí ib\ use the fací loat thcoet be 
the elcmeni ptirx ióV* che Q for the temperaiure incrcase. aceording lo Q ■ mi A i" 

Ser UP: J7 Jk \% me leoiperaturc g radical 

EXKCirrE: (■> W = (380 W/orKK2.S0*l0^ nrXIJO C/m)- I3.3W. 

■ i») I ■ ihe ino ends of the clcmcot ai I and 2, //, - W, - — i*— wtiew — =0-250 C*^ 



kA — -kA — -mc\ The 



SI 



man* m t% pAAw so kA — - — — 



u'j" 



pcAx/AT 



(LOO* 10* kiLio'h520 J ka KkLOOxlO 3 m)ÍO 250 C*/«) m ^ 
*) t .01 + ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ - 1 1 4 L . 



3H0 W 1 OI ■ K 

EVALUATE: At &lcady-statc temperature of Ihe *hixt eleoient is no kinger chaogirnt and //, - if¡* 

17.1 15. lo*-N iiim The míe of heat cuoduction through the wall* i* 1.25 kW. Use Ihe coocepi of thermal rcMtfancc aod 
the lact Ihal wheo ¡osulaiing malcriáis are in la)vtx Ihe R valúes are addnlvc. 

Un Tbe total ¿rea m the four walb « 2(3-50 oí J(2 50 oí) * 2(3.00 mM2 .50 m) ■ 315 oí 1 

11 



EXeCltej // - A 



R 

.H0xl0 ; m 
"r"0.060Wra K 



25-10 W 



- 0.300 K W + J'ot ihe msuíaimg material. R a -tt-R f -0J42 m' K ' \V 



^* A #( ' 0.142 m* K'W 

EvaUTaTE: The dtemul conduciivlty of the insulating m Jicnal t% Ureerthan ihat of loe wood. ibc loíeknc** i>f 
the insulaiing material ¡* levs than ihat of loe wood* and ihe ihetoial resblaoee of the wíkxÍ is about totee limes th 
of the ñ&ulatiog oialerta!» 
17.1 16. iDBfnrK fjf = JjÍ. Apply // = AeáT 4 (Eq,l7.25) lo me *un 



I \ j i - i i : (n> The enerny flux at me 
/^(■■50xlO>W^)f L5QxlQ " my 

1 16.96 xl 0 1 



r = l.50xIO"m. 

of the vun u 



. . T //IT* f 6.97* 10 1 WiW í 



lh>Solviostq.(l7.25)with - 

EVAUiaFE: The total poner output of ibesun ¿s /' - 4.r»-.7. - 2.0' K* W 
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17.117* lofivnn and5*:r L'p: Use Eq(l726}iollnd thcncibcaicurrcni into (he can duc lo radiaiton. U*c Q = Ht lo fiad 
(he heal (bit goci into thc (¡quid hehunv ict ihb cqual tum¿ and soke for thc man m of hetium ihat change* phaic. 
EXfXtTt: Calcúlale ihc ncl rate of radiation of heat from thc can. U m ■ ^ríTif -7]*V 

Thc *urracc ara of ihc cylindréal can h 
d -irrA *2*r\ <See Figure 17.11?*} 

I ¡pire 17.117 

A m 2xr{k + r) ■ 2*10045 nn m 1 0.045 m) ■ 0.0834 1 m\ 

//^-^Omim^OMOXS^^lO ' WiW K*H(4.22 K)*-(77JK>*> 

// >tt - -O.0A3S W (ihe minu* sign say* ibai thc ncl heal curren! t% trio thc con). Thc hcat Ihai i% put inlo thc can by 
radiation in onc bour b -<M„ V - Í<X03}B WM360Q*)- 121.7 J. Thb hcaiboib a ma**ui of helium atcording 

••*•««— *« - — ?-HKiíW"" a,,Mr * 

EVAUiaTE: In Inc cvptw*on for thc ncl bc^l currcni into (he can ihc lemperatua* of thc turroundintis b rancdlo 
(he Iburth pmver. Ihc rale at wfeicblbehcburnboll* away ¡ncrca*e*by about a Tactor of (293/77)* -210 ifthc 
walU surrounding thc can are al room tempe roture rather than al thc temperature of thc liquid niirogcn. 
17.1 III. iDEVtlFY: The cocfKcient of volume expan*ion fl b defined by AV - VJ&T* 

Svftfe Fcircopper./?.*5.lxl0 1 lC 4 . 

ExiXirTE: (s>\Vith áp-k páV = nRAT = tj-AT+ai — ■— , and /T=-. 

<b) ! . -07. 

/U- (293 KKS I * 10 K I 

EvAi-i AFt: Thc cnellvcícnt of volume expansión Ibr air bmuch greater Iban (hat forcopper. Fot a given AT. 

gaic* expand much more (han *oIkI* do, 

17.119, lot.Mirv: Forthcwaier* Q-mc&T. 

5i;rUP: Forwaicr. r-4l90fkg K. 

I - \m i ii : (■> Al tteady ilate* thc inpul powcr all goe* intohcatinu (he watct aod 

AT^fL, -SL6K. andinc calpul lemperalure» l8JrC+3I^C-6«^- 

tm <4190 J/kg Kh0500kg rmni 

EvAJ-i afk: (b) At ¿icady míe*, ihc icmpcralure of (he appataiu* i* corulani and thc apparaiui will neither 
remove heat from ñor add beat to (he waicr* 
17.120* iDf-vrm : Fot (he a¡r thc heat inpul i* relaicd lo thc lemperaturc cbaage by O - mc&T* 

Stí l.p; Tbc rale Pal whkhbcat cnergy b gencralcd b rclatcd (o(heratc P t at which food cncrgy »con»umcd 

by ihc hamiter by P + 0> \uP t , 

EXKCUTE: (n> The beal g cncraicd by thc bamMcr u thc heal addcd lo ihc bea; 

PmfL^mc— -(1.20 Icg/m^O.OSOi $fk$-KHÍM C*fk)-*?3 J/h. 

(1>) Taking inc clTiciency intoaccount* thc man *lf of 9-ced Ihal muit he caten in time r i* 
M_J>._ JWI0X) _ 979J/I. _ W 
. í L 24J/g w 

EvaLUaTE: Thb b about I ,$ ounccv of aced con^umed ¡n one bour. 
17.121. iDEvnFV: Heat O, goc» ¡nio ine ¡ce when ¡t wanru to 0'i\ mcltv and (he rcsuliing walerwarms to thc final 

(cmperaiurc T. Ileat come* ouiofiheoceanuaterwhenitcooU lo 7 Comcnation of cnergy givei 

SBrUR Forkc. c; ■ 2100 J lt? K For water. £, -334x10' ikgand t\ -4L90J.'kg»K. Leí m be ihc loial 
ma»oflhc water on ihc earth*» turfacc So m t - 0>0l75itr and m -0.975m. 



rcmpcíalurcandHcat 17-15 



Exxtt'TE: fl + g. -O givc* íif^OOO-mf,/, ■*ntjr,r ( + *^c\(7¡ -5.00*C) 
r _ -ny.(30 r ju^tf JO O 

T _ -)ftOI75«f)|2IOO Ikg KK30K)-(Q.0175wH334xltf J.kgH (0.975htX419O J kg K) 

f 0.0 1 7S«r * 0.9?5niH4 1 W J.'kg K) 

" ■ ££¡¡r£S = " J ° C - Tl * — " 

Evai.i afé: The mas* of ice ín Ihc icecaps is mixh les* trun ihc mass «f the waicr in the oceans*. bul rnuch more 
heal is reqinrcd tocbange the pluse of I kg of ¡ce than lochange ihc lemperature of I kgof water I C*, so ihc 
lowcring of ib: lemperature of (he occans >ould be appreciahlc- 
17.122. iDfXflFY: Appty Eq.(17.2l). For a *ph:r»¿al or cylindrlcal surface. Ihc arca A m Hq + ( 17,21 )is not constanL and 
(he material nuut be considered lo consñl oí shclls with (hkknexs i// and a icmpcraiurc ihlTerencc bctwccn (he 
incide and ouisldcof ihc shcll The hcat current will be acomianL and must be lound by ¡ntegraling a 
di JTcrcntiaJ cquaiian. 

Su V?z Thesurfacc ¿rea of a sphere i* 4xr . TTk surlacc are* of the curved side of a cylinder i» - 
anfl + r)** when 

<a)Equat¡on (17,211 beeome* // = A(4j/^)— or ^ ^ -kdT. Imccraiing bolh stde* bctwccn me anpropnjlc 

4;rr" 

linuiv —(—-—)* A(7\ -7¡)« tn thn case ihe "aprrfopnaic limits" bave been chosen so ihat if ibcinner 

(cmpetaiure r n ai ihc higber lemperature f, the hcai flows outward: ihat is. ¿ÍL< o t Solvirw fox ihc heal 

dr 

<b) The rale of change of tcmperaiure with radius isof the form ——7* wrth A acomiani I ntegraling from 

r * 10 r and mam r-* tar-Agives 7"<r)-r } « SlJ— -■!- j and 7¡ -/t, «fllji— i j, U>iogthe«econdoftheae 

to eliminale B and solving for 7M gira r<r)«r a -(IJ-7¡)J^— ™]{™ ]' Tbe«a«,ofcouf^, mwy c<|tti^lcm 
forros* A* a cnecL note thaiat r-^ r*T> and al r - A, r»7¡. 

<c> A* in parí (aK the expretskm for (he hcaicurrenl ¡x // - kilzrl)— or J!—-kLdT. wbich integrales, with 
(hesamecondi(ionon(he limólo — lnf/>/a>- tt(r. - í L or // 



2* 

(d) A mcihod «mibr (o (hat i^cd m parí <bí gi>e* T{r) - T¡ *<7¡ - r ; ,^ÍÍ. 

In<ft t i7i 



EVAUrATE: (e) For ihe iphcre; Leí b-a-i+ and approxnmte b-a+ «-ilh a Ihe eommon radiu* Ihen ihc mrface 
área of Ihc sshcreii A-4xa\ and ibe exprcsukm tbr // is ibai of tq, ( 17,21 ) (wilh / imlead of ¿. i*tiich has 



inother uic m thu problema For the cvllnder: wiih the same notailon* comider 



where the apnroxirnaiion for ln(]*¿) fbrsrnall^ has becn used. Tbc cxpretsuin for // ihen reduces to 
M2.T/.jH.U t '':i. ^ÍcbÍ*Eq,(17,2n»-ílh 

I 7.12*1. lül v Jim : I'nxn the rcv.il: i'robk'ir. l 7 .i:Z. :hc hc^t ^urr^-nt thr^u.-h c*ich ■! :hc ío.kcti :t rcLvtíi I*> líx 

tcmperaiure di tTereoce bj* // - " J * .\7 T where /b the kngthof ihc cylindcrand b andü are the inner and 

ln(í>y<i) 

outer radii of ine cylindcr. 
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Si:f Lp: Lct ihc temperatura acrou the cork be A7J and ihc temperatura acrau the xlyrofoam be A7" v with 
tinular notación for (he iheraial conductivitic£ and heal currentv 

I \n l i \ : i .* ) A7J * AI"¡ -AF- 125 C Setting //, ■ /J¡ ■ // and canecung ihe common tactor*, 

' ■ ' Euimnatimi A T and tolvinii for Ai" itivei ATI * Arí I t ' [ . Subcliitition of numerical 

tn2 In 1.5 l ln2 ) 

valué* g¡ve* A? ■ 37 C* and the temperatura at ibc radiu* where the layera raeet U l40 r C-37X -103t 

0») SuNhiution of ihi-t valué for Af inio Ihe above cxpravtion for // ■ // uivci 

Wa 2 Tt 2. O OmHO.W0OW / n,K) t37C . )a27W 

evauut» ar-iorc-irc-nc-, ir ± -^^¿^*¿=^< W c-)-»w. 

as //,, a» ¡t ibould be. 

17.124. Idevíw>: Appty Bq.< 17.221 to dilTcrcnt poinu along (he rod, where — ¡* (he temperatura uradicnt at cach poinl 

¿y 



LTP: Ftwcopper. *OS5W m IL 
EXEtl Tí.: (a)Theimlíal temptrature dniribuitoiu T -i\QQ a C)%\oxxSL h ¿hown in Figure L 7.124a 

(b) Aílcr a very long time, no heal will llow , and the critirc rod wi II be al a umfurm tcmpcraiurc which mun be thut 
ofthe cnd*4"C 

(c|Thc temperatute d i*i rita! Kitt ai &ucccK*Ívely graatertime* 7¡<7" 3 <7"j i* «ketched in Figure I?. 124b. 

U\) —-(\WC){xfL)coi$xxfL Atibccndt, x-Oandx -L, mecosineix ti and the tcmperaiurc gradtenl i* 

1(I0O ( C)(t/D IDÜm)- 13.14*10* C s /m. 

(t)Taking ibc phra*e "inlo the nxT lo mean an absolutc valué, the heal currcnl wíll be 
A.4£jjL=(3S5.0 W/m K)(L00*I0 J ^JQMxltt C¡hn)al21 W. 

(f| Lithcr by evalualing ^r~ Jl ihe center of the rod, where xxfL - a ¡2 and eca(^/2)*D, or by checking the 



in port la), the tempe tatmv gradienl in /ero, and no heal flows throuuh Ihe center; ihu tt c 

■tymmciry of the ¿ituation. Thera will rtot be any heat eurreni at the eenter of the rodat anv later time. 

, , t 1385 W/m K) ■ ■■««■ il 

[%) — - -1,1x10 m 

pe iM*W kg/m' M39Q J/kgK> ' 

(h) Ahhough thera b no oet heat currcnl* ihe temperatura of the cerner of Ihe rod is decreasing; by considcring ihe 
heal curren! al pontls jutf t« cjthcr *ide oflhe eenter. where thera » a nm /ero temperatura gradienu ihere mu*t be 
1 nel flow ofheat out oribe región around the cerner. Specifieally, 



tttiL f 2H&x)-MHU2l-Ax) 



"^f-Kg|,„..-f|.. v J-0™^ 



— ■ —tS. b oNained. Al the cerner 1 1. rod, C 7 ^ H 100 CTK . and to 

¿r £tr rar 

— (l.lIxlCT 1 m'AxiODC^f — 1 ^-109 or -I IC^/sto hvo figure*, 

U> Decrece (Ihal ta» beeome le« negattw), linee as rdeerea»», ^ deeraaie* Tn¡» ts eomrHeni 
grapht, whkh eorrespond 10 equa.1 time intcrval*. 

|k) At ihe point haJfWay be tucen the end and the cerner, al any given time U a factor of «n( W4|- l/J3 
at the cenler and so Ihe ínilial ratc ofehange of tetnpcraiure ix -7,71C ? /«. 



Temperatura iftl Hcm 17-27 




I ipir* 17.124 
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17.12$. lof-Min: Appty thcconccr* of ihcrnulcxpinimn- tapart(bi lhc objeci can be ireatedas asimple penduium* 

ExtCltTE: (■ > ta bol wealher. thc momerrt of ¡nenia i and lhc lengib d in Bq4 1 3 39) wül both ¡ncreasc by lhc 
same factor, and so ihc pebod will be longcr and lhc dock will tuti slow ilosc lime}. Similarlr* lhc dock will mn 



le) Scc PíoHcni 13.98 To avoid posible contusión, denoto lhc pendulum period by r. For Ihis 
problem* Al - - 6-0 x 10 ' * ta si one day thc ctack will gato <Só.40ü iM60*10 *>-52 s 



■|o&F. P a J^ pves ¿7**4(1.2*10'* (CT'KM,*»)!'-!^^ rirwabecontrollcdio 



r 

withtn 

EyaUiaTE: )n pati tdl thc ansvvcr docs nol depend on thc period oí lhc penefufam* It depends only on lhc 
Iractional change in lhc period- 

17.126. lDf.vnF\: Thc rale 4t which hcat ¡s absortad al lhc blackcncd end ¡s lhc hcal current in lhc rod. 

ii iti j" *-T¡ > -— if -7;»whc(c 7¡ - 20,00 K and f : is lhc (empetatare of ihc bbckcned end of the rod. 

SulPz Sinec lhc end i* bbckcned. 7>500 + OK + 

l Ti.: If the cquabon wvre tobe volved cxactly for T.. lhc cquaiion would be a quartic, very likcly not 
tvorth the troublc. Followintf the híni* approvimatc T¡ on lhc left side of the above expression as ¡ \ (oobiam 

T t ~T l +~—&?-lf)m1í+t¡tftx%ir* K *MT^-?¡ 4 )-I; +0.424 K = 20.42 K. 

EVaUTaTE: This apnroximalion for T ¡s indeed onty slightly Ihan 7j, and ¡s a good estímale of lhc Icnuxraturc. 
Uang lh¡* for T¡ in lhc original expression to find a bcilcr valúe of AT gi ves the same Af lo eight figure** and 
rurther iterations are noi wotthwhilc. 

17.127. lotvnrs ; Thc rale Ín<iv>i*givenbyEq (IT + 26>,vnlb 7" - 309 K and T - 320 K. The hcat absorbed in thc 
evaporation of vtater is (J - • ■ ' > 

Km:c i r» : r» Thc ratc* are: (i) 280 XV. 

00 (S4Jhf m«Mmiilirii^) rt)>!24W, 

(ni) n400Wm ! Kl-5m ! l-2 JOxIO 1 W. 

(iv) (5^7x10* W m : K'MLS m : lü320 K)' -(309 K> 4 i - 116 W t 

The total is 2.50 k\V. v/iih lhc largcsi portion duc to radialion frorn the sua 

P 7 ScIk I ti' W 

Ib) — ^ ^1x13x10 " mVs. Thisiscqiolto ^3.72 Lb. 

^ ' I1000 kg/m'X2.42>10* J;kg K) ^ 

(c) Rcdoing lhc above caleulaliiw with ** - 0 and lhc deereased arca givc* a powcr of 945 W and a corrcaporHlmp. 
evaporation ratc of 1.4 Lh + Wcaring reñective clcdung helpsa gooddeal. Largc arcas of loóse wcave etathing 
also facilítate cvaporalíon. 

Evajj afe: Thc radiant cncruy from the sun absorbed by the arca eovered by ciothing is assumcd to be /ero, 
since c * 0 for lhc dolhing and lhc dolhing refleett almost all thc radiant cncrgy ineident on it. For lhc same 
rcason. the exposed skin arca b thc arca uted in Va: \ 1 7 .261 
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18.1. (a) llHiMlFY: Wc are a*ked aboiil j müi*1c itate oribe lyilcm. 

Skf UP: U*c i:qilS.2nocjkuUteihcmjmbcr of moles and men appty me kleal »^ equauon. 

m 022$ fcit 
EXECUTK: jt« _SL« — 2 -56 2 mol 

W 4.00x10 1 kgmol 
(b) pV-#RT implie* p~*RTtV 
rimutbeinkdvim. 7" - (18* 273) K - 291 K 

(56.2n,olX» l 45J l n wl -KK2 ql K U6g0t||0 , pa 
20-0 ■ 10 id 

p-{bm*W taiíl OOitm I 013*10' P*)-67J4tm 

EVAUUTE: F-xampic IH.I showillui 1.0 mol of an ideal lm* ¡*aboul ihi% volunte at 5TV. Since thereare 
56 2 oiotei ihe preiMire is about 60 iimet greater ihan I alm, 

18.2. iDEvnrv: pV -nRT . 

SurUP: iL o c 314 K A - 0.0K2Q6 L atmlnol K r 

I mii ri t ?con*iant«í ?L*mR \% oaottani ¿iíi*.£¿íi. 



^ ■7¡l^jl^.J «(314 K)(2K2)- 1,256x10' K-983°C 



ib) /7-ÜÍ-= ».30atmX2 6O L) ^0,331 M |. m -nAi - (0.131 mol>í4XH> * l raol>- 0.524 g . 

ffr (0.0B206 L aimniol KM3I4 K) 

i \ \i l .\i 1 : Ti* dircelly nropotiional \op and to Í \ *o when /> and t'are cach doubleó* ihc Kctvin temperatura 

incrcases by a tactor of 4, 

I8.X locsnn : pV -nRT . 

UP: r«corutatii. 



Exuiií: nAri-seorntantio ¿ — - 

EvaUíaTE: Fot TcomUnU / 
18.4. iDEVtirV: pV -nRT. 

SrF Vfz í; - 20 0 Ü C - 293 K 

ExixiTr.: Mn. R. and Tare contunl. — - — - coreian* . — = — 

TV 7¡ 7, 



Ib) /». -I.OOaim , l \ - .1 00 l. p, -3,00 aün . ■. . L . rarecomtani so pí' -irJH* = conttant . pfi\- p)\. 

r ) -j£L) i aooL,(i^ll,LoaL. 

VPiJ \ 3.00 atm J 

EvaUaTE: The final vohime ñ one-thinJ ihc infria! votume. The mmal and final prenurc* are ihc %ame. but ihe 
one-thini Ihc initial tempera tute. 



1H-I 
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18.5. iDBfnPR pV-nRT 

Stt Up: r^iín m/¿ 20 fl * 20 ft > 10 ft . P - 4000 ft 1 - 1 13 m\ Ammm a tcmpcratute of 

7 = 20*0 = 293 K p ■■: p-i.01*10* Pn . I m' - 10* cm k . 

Enalte 

ffr (8.315 Jmol KH293K) 

N -mN K - i 168 - 10 molK©J)22xl0 ; ' RMtauJcVmll - . : molcculc* 

<b) £ m** l ^£^^m3*UP n»lecuk*W -3x1o 1 * moltcu^cin 1 

Eyaji afé: The solulton docnn*! rcly on thc aiMimption ihai air rt all N\ . 
ISA lüf.\ nn: oF -«J?r and ibc nuu of thc gac n im u ■ «Ai . 

Skf Up: Tbc icmpcmiutc U 7"- 22.CFC - 295.1 5 >L Thc average molar mara of air » 1/ - 2* 8 - 10 J kg/mol , 
Forhclium .1/ - J 00* 10 kg/mol. 

¿fr (D.0S206L Jiinmol KX295.I5K) 

<b t ^ ,^.Jti/J IW ^ ftWL '' 4J,l ' ,la '' l * BlBlt -l.49MlO^ k». 
RT (0JJS206L atnvmot*KX295.l5K> 

Evai l w í : « - — -.ÍÍ- *ay% Ihai in cacb cate thc b&lkion coniam* thc tamc numiber uf molcculci Thc tiuu 
•V. KT ^ 

iigrcalcr Ibr aírxince ibc matiof onc molcculc U grcaicr than for hchum* 
18*7. iDEvnrv: \Vc are a¿kcd lo compra lwo átales. Use Ibc ideal gai la« t« obtain T. in terms of 7, and ralxis of 
prciMirct and volunte* of thc gas m thc two itat c*. 

m i Ip: pV -nRT ana n. R con*iant impbc* T - aR - comiani and A** ' í - #Wi 
Ex* CUTE: 7; = (27+273) K ■ 300 K 
p.-l.OUlO* Pa 

/\ - 2 "2 * 10" Pa *L01xlO* Pa- 2 82*10* Pj |in thc ¡dea) gas cquaixtn (he prc**urc* imití be absoluic. not 
gauge preMures) 

A« A K i J 1.1.01x10* Pa ü 499 em' J 

T t ~ (776 - 27 IfC - 503°C 

EvaIAiaFE: Hic uniti cancel m thc ' , ' . >olumc ratio T s*i ií wat ™it nccc«aty loconvcrt thc vtJumct in cm' 

to m It wjr c»(cnt¡al, howvvcr, lo une 7"ui kelvin». 
ÍBMtmm pV -nRT and «i - vtlf * 

Sirlp; Wc cmvl Mi abwlule pre«*jre io ^1 -nRT. 4 OI > 10 Pj . -ZM-lü P:i 7;-310K. 
T a 1 295 K . 

EX1CU.EZ (■) ^--^ - < "Í;' J ^K 0 ^0K ) ""- 7 ' aP '- ■■*HH.T^gl|M-«|. 

ib) ff, -^8.59 mol w-275g. 

p?r (8J1S Jfaol KM29S k : 

The ma¡« thai ha» leakcd oul U 374 g-275g-99g. 

f.\ AJ.t v n; In ihc ideal gas bw *c imut uw ab«oluie ptetítute, cxprcKtcd in Px and T imwt be in kcK im. 
18.9, iDcnrrv: pV -nRT . 

SET UP: í; - 300 K . r - 430 K . 

KxíXirTE: (k> b, A are conitant «o ¿-¡- ■ itfl ■ corutanl . ¿i— ■ * 

t\ AJ I afe.: In pV - nRT , Trnunlbc in kclviav ewn if wc uie a ratio of tcmpetaiuren. 
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18.10. (Día iim: Use ibc ideal -gas cüualHm (o calcúlale trte nuniber of mota. «♦ The mau ui M of Ihc gis i* 

tafite ucofihccylinder i» f = atV. wbst /--OJSOmand f*K50m F »21ü a C«29XIÍ K. 

la*ro-LOI3*10* Pa. ,4f -:>;.()-■ 10 ' Un»!. JÍ-8J14 X'mol K. 

EXF.CUTE: W pV^T»™ ^PL = <2l.«*mMS»l0' Ptt«nQ*<MS0 »)'(1.50 m) = H „ ^ 

Ar ' * ' ' J tnol KH29M5 K> 

<bí iwklK32.QxlO 1 Iqpnml)-2fc5kg 

EVALUATE: In ihc ideal -ga& law t Í*muM be in kelwns Sincc wc uW íí in ural* of J/mol* K wc had k» expee» p 
in ur.it s oí Pj and J'in unil*of m\ 

18.11. Ideytifv: Wcarcaskcd lo compare two rtaic* Use Ibe iacal'ga* bw lo oblain í; inictnuof r, and ihc ratio of 
(he tcmncraiurc* in thc two t taic*. 

tafite p\ nRT and *t . R. p are coiutant *o I' T - nff p m corotanl and *; Tj = Pj/TJ 
EJDKims J>09+273)K»292K iTmuti be tn kelvirwj 
*í * Wi "¡ ) m LK77 J 10292 K) » 0. 1 59 L 

EvAit aTE: p \% oomlanl %o ihc ¡dcal*ga* cquation *ay* ihat a decretase in Fincan* a dccrcasc in V. 

18.12. lot.Mitt : Appty pY - nRT aml thc van der Waa!* equatmn (Eq 18 .71 to cakutife/>- 

Sute: 400 cm 1 -400* 10* m\ R - s M 4 J mol K. 

ftSSCim Thc ideal gasbwgive* ;> - nRI ¡\ - 7 28 - 10" Pj «Ipil fttflfc?) gira 5.87x10* Pa. 

(b) Thc van der WaaU cquaiion* whicb accounts for ihc atlraction betw cen molcculci* givea a prcuuxc that b 20% 
lower. 

<t> Thc ideal gas bw give* p-?~K*Ui Pj Eq*(l8.7)give* ^-7.13*10* Pa* fora2.1*id¡ffcrcnce> 

1\ ui un fd 1 \ ¡ .. thc formula* and ihc numerteal valué* fot thc two cquations approach cacb 



i 8. i 3. [otvtwY: pv ■ »*r. 

SETUP: rUcorotanL 

IAhui: it.ff» TarccorntanUio - nRT - conmit. pfi-pfj 
^Uíl.0Oalm)Í^Í:U 



Tj/ ^5.70L 

EVALUOTE: Fot connianl í. when I ' deeicattts p inctcaicv Smcc Ihc volumcs enter ai a ratio wcdon^t bave lo 
conven frorn L to m\ 

1 8. 1 4. El»niPK pV - nRT. 

Svi V?z T t ■ 277 K. T. ■ 296 K. Auumc thc number of mok* of ua» in Ibc bubblc rcmaim eonviam. 
ExctL'n:: Mn. A are conitant io conoanl £¿i-£¿ii ant | 

(b) Thb incrca^c in volunte of air in thc lúa ir* noukl bedangetout. 

EVAUiArE: Thc hígc decteaw in pnrwurc tvvjU^ in a large inervase in volumc. 

18.15. IinMir^: We are adeed lo compare ti*o nalca Fintl me pV-nRT toeakulate p l . Thco u«* it lo oblain ft in 
icrms of T t and thc ratio of fire&mrci in thc two stalc*. 

(a) SirrlTr: pY-nRT. Find ihe initial pttnure 

Stf Lp: p - HK» jímil ín ;>IO Pa- latro)- 1.013x10' Pa 
/* T - nfl I' -constante m oj/IJ-^/JJ 

(b) EVAUiATE: Thc cocIBcícnt of volunte expansión for a gas U much brger ihan for aiolid. %o thc exparoion 
of ihc tank is ncgligible. 
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18.16. lOEVnrV: F-pA*ná pV -nRT 
SefLTp: Foracube. VtA*L 

Exr.CirTE: (a>Tbc forceofany *idcul ihcoibc i* í' - /vi - {nRTfl ).í - /.. drice tlw ratioofarca to 

volunte U AtV*VL. For 7 ^O.ffT- 293.15 

f _ nRT <3molH8.3i45 J/mol -KH2WI.3 K) _ J66x i 0 « N 
L 0200 nt 

<b)For r-lOOWTC - 373.15 K, 

F-^L, O^X»145); mi >l.K H 37i. l 5K, _ s 
I 0200 m 

E vut \rn: Whcn thc (cmpcraiurc ¡ncrca*ci nhilc thc volunte i* kcpi connant* thc prcs*urc ¡ncrca>ci and 
therefore (he forcé mercasen Tnc torce mércate* by ibc factor í n . ■ T.. 
18.1?. Id*-N IVVi Examplc 1M afumes a (emperature of 0'C al all altitud» and ncglect* thc varíalioo of g wilh 
elevaron* With thw apprmimation»* p-p^ *** * r _ 
Ser Ve: Foraür. 28 8* 10 1 fcg'irxiL 

BnCVra Wc wawyfcc p = a90/».«> 0.90-r ^ " and > = -ALb«0M) ^ &50 m. 

EVAUMTE: Thí* i* a commonlv oceumng elcvaimn* *o our calculaiiun ihmvi that 10% varianom in 
aimosfihcric prc»utc occw at man y location*. 

18.18. IdkviifV: From Lxampk* IXA ibe prenurc at elevación r above *ca Icvcl i* p-p^f w * M - 

Svi lp; Tbeavcrage molar mauofairis M - 2* K> 10 ' kgmoi 

Enera Al an alliluifc of 100 nv «gV. ' H/pD»M0 «tfXlOOrt .q,^ M(J|he 

ftr (83145 J/mol KH27XI5KI 

decrece in pre**ire i* I - />//>. ■ I - í w = ftO l 24 - l ,24%. Al an alwudc of 1 000 m. Ifa/JVT ■ 0 1 243 30(1 

(he percent fanu in prcmirt i* I = 0 117- 1 1.7%. 

EVALUATE: Thc*c aniwer* diiYcr by a factor of (I L7%)/( 124%) -9.44. wbich ¡«lera than lObccau»: ib: 
variatioei of pccMurc with aliiiudc u cxpimcnlial rather (han linear. 

18.19. iDBnVK p- /v ' l * ' from Lxantpk 18.4. Eq.(IS.S)say» p-{p¡M}RT Examplc l8,4a*Mirne*aconitanl 

7**273 k ■ ■ ' . and are direeily propon ional and wc can write f\c w 
Ser Up: FromExainplc 18,4, — when i-K863m 

I \m I ii : For ;. - -0.0I24, %o p~ p^*** =&9tXp t > Thc den»ity al tea Icvcl b 1 2% larger 

(han (be demity al 100 kl 

luii ui: Thepreuuredecreateiwithaltítude, ,"i ' -jj- ^* ■ m> wben the pret Aire deerea» and Tb 

c<in&iam rite \olume of a si ven raaw ofgai incrca&cs and thc lí: m.iy decreaicít. 
(820. lot-MUY: p — p^ ** from Exampte ls.4 (he vanalioa ofair premtre wiib altilude. Thc dcnsiiy /> 

of tbe aír í* p- — — , mi ^» b propon ¡onal lo ibc prcwürcp. Leí p, be Inc demity al thc ftirfacc* wherc Ihe 

prciftirc b p^* 

SKFlip: Fromi'xample — ^1244^10^ m 

RT (8J]4J'mol KH273K| 

tSZCUTtz p-pjt^»'**»™*******^. comtaot *i> ^^and p.{-L\^M)p.. 

P RT P P* \P*¡ 

The dcmily at an almodc of LOO km » 88.3% of ¡* valúe a< the surfaec. 

FVALUaTE: If thc temperature »v »Himcd tobe coniianL ihen thc decreate ¡n prenure with inercaie inallllude 
correspondí tti a dccrcatc in dcntity. 
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KrRi p-pM RT and p-RTpiM 

7"-<-56,5* 273.15) K = 2166 K 

Foi ai* 1/ -28.8*10 1 kti mol {t-xample IS.3) 

Cx*.< iiii = - : 2 — -^22&*\0 Pa 

28,8-10 kgtnol 

i.\ \i i ui : The prc&urc ¡* aboui mv fíflb ibc prcwute at kcü k \ d 

18.22. Id*a hív: Thc mobr nuu i* .lf ■ *V A m , wbece »i i* (he ma*s of onc mokculc. 

Srrlfr: *v 4 *6.02* ur mákeém mol 

tYAii afe: Fot a ceibón aiom* \t - 12 * ID kg mol . [f ib¡* molcculc a mc«*ll)* carbón* vo thc average ma**of 

ib aiotm u thc nuu of carbón, thc molcculc would cixiiain ^2 CTI> I ^ 7 LODO alomi . 

12x10 ' kgmol 

18.23. iDEvnrv: Iftcmau \% rclatcd lo ihc mimncr of mole*» hy it* M - nM . Ma» b rrlated to voíume by 

BerDR Forgold. ,lf -l% 97g, ir»land ^-193-10* m Thc voluinc ofa *phcic oí tjJíuw K-|*r\ 
l! \m i ii : (■) . í.Ofl it>^ki^»t gnioll _ 59ü *í g Tbe vakie of Üi nu« of gold l* 



3(3.06-10 ip fl -o^OIMrn -1,94 cm. Thc diamckr» 2r-3.B8cm 



4*/ V « J 

EvaUiaTE: Thc ma** and volunte are dircctly ptoponional toihc number of moles. 
18.24. iDEVmY: Ibc pV=nRT lo calcúlale thc number of mole* and then ibc nunfer of rnoleculci would he 

Hp: lamí -1.013* 10* Pa . I 00 cm 1 -1.00*10* m 1 . AL -6.022* 10** ni 



pV (9.00-10 "* acmHl.013-10' PaainiHL00*l0 * m 1 ) , „, „ „ 

EXECUTE: uí n = = - i- 3.655- 10 11 mol- 

RT (8.314 IM-KKMMK) 

\ r.\, (3.655-10 mol H 6.022*1»' WlJwrfwfrwiQ TUIiiH* nlmlM, 

<h| jV-i i- so — - — i-= comtaniand —L=—L. 

RT P RT A Pj 

iVjtMÍ^Vf^^^mo^cut»/ 1 °° Jtm — UljMKllJ* molecuk*. 

\Pi) V 9.00*10 14 mm) 

E Valia FE: Thc numher of molcculc* ¡na given volunte i^dircctly proportíonal lo ibc prcnuic. Fvcti al Inc very 
I™ picMUTC ¡n part fa> ibc number of molcculei in 1.00 cm' ¡* vcfy largc. 
18.25. lotAiiFi: Wcarcaakcd ahoul i sngle xlaleof thc wMcm. 

Si.r le: I'kc Ibc ¡dcal-gaib law . Wrilc m in term* of thc number of molccules \\ 
(i)£XUVtf: pV*nRT. M*NtN A ta pV *{NíN A )RT 

ñ4" 



fm molécula V "145 J mol K \ 
P \ l*10*m' A6.Q22-I0 fa motocule*toiolJ 



[7500 Kf-8.28-10 * J Pa 



p-8.2*IO *' aim Th» t% much kmw ihan Ibc laboratory pfcwure of 1*10 11 atm bExañe 18,24. 

(b> EvaUiaTE: Thc l^goon Nébula ix a \-cry mrefied low prei^urc ga>s. Thc gai would cxcri iwy lilllc forcé on 
in obicct rxiuxnu Ihtough ñ\ 
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18.2*. ii»niPR pv -nttr-mr 

su n- AiSTP, r-273K. f-I.OlxtO'Pa. AT-óxiO* mofccuic*. 

EXECUTE: ^= (6x10 a moIccuteXlJSIxIO» JWIccuk KK273 K) = „ á „ ía ~^ 

p 1 01*10' Pa 

EyajjmTé: Thb ts a «nuil cube. 

18.27. Id*.\ iii^; h - — - 

iW N A 

StíVH *V A s 6.022 'lO*' mc4ectile*.mol. Farmicr. M - 18x10 " kg mol . 

ui I 00 

EXECVTTb a- — ■ j — - -55-Amol. 

.1/ 18x10' kgmol 

\ rrA , (55 ^molHI-lO: - 1*>' ' nu^vult*. nwl : ! *5 - 10 ntAufal . 

EVAUurE: Note that we converted M to kgmol 

18.28. iDevtlíY: U*c > -nJÍTand a » wtth « I lo calcúlate thc volunte Poccupiedby I mokeule. The kngth 

/of Ibcikle ofihc cube with volunte Vt% givenby V *l _ 

tafite r*27*C*J0ÜIC ff«L00atra-IOI3yl0*Pa. Jí -R3U J mol K. N K -6.022*10-" molecuk» oíd. 
Thc diamclcr of a t y pical molcculci* about 10 " m. 0J nm =0,3* 10* m 

EXEtlfTE: (■> pl -tiRTúnd rt m gires 

K-^- Q^KMUMl'mMOK) 4*.IO»m'./^"=3.«. l O-m. 

A\p <6.022xirr nwlcculcvmollll 013*10 Pa) 
(n)Thcduiancc ¡npart (a) ¡* about 10 limes thc diamelcrofa Kpkrjü rtiolccule. 
(c| The *pacmg ¡* about 10 un» ihc *fiac¡ng olaiom* in *obd*. 

EVAiJiAf E: Thcrr b «nace bctwccn molcculci in a ua* wherca* ¡o a wilnl (he atom* are closcly packed together. 

18.29. (a) IdimikV andSEi llr: tic thc cteniity arid me ma» of 5.00 mol lo calcúlate thc volunic. p-m¿V implic* 
V -mip. *hctc m-m^ (he mas* of 5 00 mol of water. 

EXXCITTE: m„ = nkf - (5 00 motX 1 8.0 * 10 1 kgitwl) = 0.0900 kg 

Theo r=ül= P0900k * =9,00*10» m> 
/> 1000 k$m 

(b)One mole containa *V A - 6.022 x 10** rnolecule** *o the volunic oceupied by onc molecule i* 
15.00 0101X6.022x10*' mofeculc*inol> 

y = a\ where ú ta the kngth of cach *idc of thc cube oceupied by a molccule, ir' = 2.989*10 rn\ *o 
0*3.1*10'* tal 

íd EVALtíATE: Atom* and molecule* are on ihc ttreto oí 10 Jl ni in diamclcr. in agrccmcnl with (he above 

Ki 



18.30. lotvnn: K M m$kT . v fc -J^L 



SnLip: A/ v -20 ISO § mol, -83 K0g;imi1 and M lé - 222 gniol . 

I am l i í : (u) K - ~AT depenik only on thc temperatute mi jI i* the «ame for cach specie* of atom in the 



EvaLIFaTE: Thc avemge kmetic energie* are ihe lame. Thc gas aloms with smaller ma*s have larger v 
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18.31. iDEVflFY and SCF L"P; i; M - ^!!L . 

Eu:c i n : (u) v 11 dillcrem for thc hvo difieren* ixotcpex. m> (he 235 ismope difluic* more raradlv 



"... H*>.WLsmoi 



EvaUiaTE: The i;„ volac» caen depend oo Tbui their ral» Í*moVpcndcnt t>f T 
18.32. iDPOiñ and S#:r L'p: Wnh Ib: multiplrity ofcxh «ore denoted bv it * Ihc arerage «ore i* 1 J^jJ I- 



Ku:ciTf: (a) 54,6 
(b>ÓLI 

EVaUUTE: The nm «core n hidher than ihc averaue «cote mimc thc rm* calculaiton mvc* more wciuhi to thc 



Se? UP: Wc known ihat V - K and ihal I > T 



fcu.tt n : (a) p-nRTíV ; Kdm'i know w fot cach box. soeiihcr prc**urc coiild bchu'hcr 



— -ÜÍJ^l.whm A\ i* A>x>gactaT* number. Wc oWí knm bow thc prc4*urc* compare. 



tociibcr iYcould be larger. 

[el pV - {m v /Af)RT . Wc oWf kncw Ihc nu» t>f thcgai incach box. m> ihey could coniam thc &a 
di ITcrcnt gj*ci 

(d> yiiff v 1 ) i^íf /\ ' 7, «id ibeaveragc kiociic encrgy per molcculc dependí ccily ct\T. %o ihc 
mmt t>r tui:. 



M i\ m - ^pkTjm . Wc doo*l know anyihinu about thc rnastci of thc aloran of Ihc gas ¡n coch box. *o cither sel of 
molcculei coukl have a Larger v twm . 

EVALUATE: Only rtalcracnt id} imut be truc. Wc tteed mure inJbrmatiun m order lo determine whciher thc oihcr 
*latcmcni:t are truc ce folie - 
14. lD£vnn : U%c pV ■ nRT lo *olvc foc r*. 

Up: U*e «-008206L*aimmol K T -273.15 K. 



„ nRT fL00mol«0 + 0S206L atmmol K«2?3 I5K) „ a „ 

EXECira (a) r = — = I 22.4 2 

r 1.00 aun 

0>) jrr-Hffr- ccnttmt.M K, -[aJ^ s Jl^^j(22.4 D-0.243 L . 

K\ Al t iaTE: Fot conflátil r, ihe volunte of 1 .00 mol n ínvcncly propon nmal lo thc prca 
fu 7 * 

18.35. lofAiuv: t> - t / 

V "í 

Ser l>: Tberaa&iof adeuleron u m - w ( +» s - 1.673* 10 13 kgt 1.675* 10 kg -3.35*10 í: kg. 
* -■ 3(Mi'lij' m%, kmlMlxlIX* J^molecule K. 

CXECirtE: W r„J* Um * } ^ 

" V 3.35*10 -' kg * 

fr) r-fiV^ > ? =í 3 35 l'° J ^ WxlO' mW'-Mxltf* K 

X ' \M} "* ^3fL381*10- J JnTolceuk K>J 

Al t vik; l'vcn ot \kív htuh icmpcroturei and Ibr thn hghl nuclear t; U a imoJI Ihictton of ihe itwd of 
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18.3*. lot-MlH: ^ a - . Vitac 7*¡*inkelvtn* - nRT pve* 

SUIp: /í-K 314 J/mol K A/ -440*1(1 ' kgmol. 

EXECUIE: W FcrI--airt:-273.1SK,v - ffi"™p2™I^-M.fc.r. 

y 44.0* lo' fcgfwa I 

; : " ¡ r - ¡v *313 iuy* . The range ofsoced* u 3*3 m* lo 313 nV*. 

(b)l'or r = 273.15 K. — 650 P* -OJSÓmolnV.For 7- 173,15 K . — - 0.452 molm\ 

r (8.314 f mol K«273 15 K) K 

The nnge of demitic* U 0.2H6 moinVto 0.452 mol m 1 

EVai i vrh; \Micn the temperaiure decreaie& ihe nra «peed decrece* and the dcnsiiy mércate*. 
18.37. Idevhh íjhISifLp: A^lylhcaiuly%UofStfct¡on 18.3. 

Iak i ii : (n> fwfr 1 ), -4*r = |(l.38*IO y J.moleeuk*KH300K> = 6¿l*;lO J 



Thc ti 



m 5.314« 10 kg 



fe) v -i " V^)*- ■ ^2.34*10* m J| V - 4B4 nVs 

(d) p • m>^ - (5.3 14 * 10 * kgK4S4 m/*) -2J7k W* 1 kg m* 

4H4 itv* 

Inacollínoo v chingeidirecliorK*o ¿V- 2«n;^ = 2(2.57* I0 ;i kg-m*)-5,l4* 10 71 kg m i 

f -— » f„ .»,i.»»ir l 'ii^., a , r N 

di úi 4.13* IO H s 

|f> pfe*iurc-F/d = !.24*l0 " KXO.lOm) 3 * 1.24* 10 " ,? Pa Idue lo ooe aioml 
(t) rwcuure-lairn-lJm-lO 4 Pa 

Number ofaiomtnccdcdi* 1.013* Hl Pa<1.24* 10 Pjü™i.. viMii 1 ' 



0.» j*.Mr friáis).. P-Qff "^lOm? . 24Sxlfl » 

ir II 381x10*' J moltfculc KH3O0KI 
'ii Frocn thc factor of ¿ in {\* )^ a ^(v*) A . 

Evaii MI : Thit E&crci»? ¿bovra Ihai thc prc»urc exerted by a gai ame* from eollittfins oribe moleculcsof thc 
gai with (he waIU. 
IU IDEHIIK Apply Cq.<lK.22)aDdcakuUlt -l 

Srrtte lairn-líll3*IO*Pa,*Q p-3.S5*lO* P». /*-2.0*IO"m and k ■ I *K - 10 ;L IX . 

Eu.i i ií: A- , , 2 ' * 1.5x10* m 

4W2j'V 4*^2(2.0*10 " mr(3.55xlO * Pal 

EVALUATE: At this very low nrcwutc thc mean Ircc path i* very Urge. If v - 4S4 m/i ♦ a» io Example I8ÍC. then 

f„ n - — -330*.Colh*iom are infrcqucnt. 

i* 

18.39, iDDOlfrVandStTLP: Uwctiual v tím to rebte Tand A/ forthe two gas». r.-^XF/if (Eq.18.19),» 
*£ fc /JJI»I\\t/ 1 rtere fon»! be uikelmis. Same r — toante TA/ for Ihe lwo ga«:* and 



EXEOTTE: ■ ^tel-g0^2lg K3Í™ !■ Wl-ltf K 



T H -(4071-273)^-3800^ 

EvaLUaTE: A N< innkvule ha* mure ira** N, eai nwit be al a mgher letnpemure to nave the 



Thermal Propen** of Mauer I H-9 



18,40. iDBnVK i;„ -^j . 

Ser Uh **I.3HIk)I> ji Jmolccule K. 
Kut i n : (al >♦ - 



3<I.3SI - 10 ÍJ J.nwkcule KX30O K) ... . .... 



} 3 00-10 " kg 

EVALUATE: (b) Na The mi* speed dependí on (he average kinetic cnergy of the partieta. Al this f. H ; 
molcculei would nave largor v M rhan the typical air molcctile-* huí would huve (he «ame average kinelic 
jih! (he average kinetic cnefuy of the smoke pankrlc* would be (he same. 

18.41. lotviuY: Use Eq.(l8.24), applicd toa fimle (cmpcraiurc change. 

Sn l » C, - SAV2 for a dutorme ideal p» and C ( = >R 2 Ibr a mooMocmc ideal gav 

exccittei (■> £>-«c Ar 

0^(2.5 mal i-: v ■ . i : Jmol KX30 k 0K>-1560 J 

W Q-nC f AT = n[$R)AT 

£ = <2.S mal)(4)(8JI45 l'mol KXJO0lí>-935 J 

Evaji íaTE: More heal i* rcquircd for ibc diatonuc gas: not al) ihc heal (hat goc* into (he ya* appcan j 
tr*m:&laiii*ial kinetic nenjy, «orne goe* into cocrgyof the inlcmal motion of Ihc matéenle* irotaiKinik 

18.42. |pt-sim: Tnc heat £oddcd h rclatcd lo the temperature inervase ATby Q-nC t AT. 

Ser n For H¿ * C, H * 20.42 J mol K «id fot Nc U mañane ga*V C rjto ■ 12.47 J mol K. 
EXECLTE: C» A7" - — - corcUni . *o C, Mj A7" Hi -C tlm AT v 

R 



f 2Q.42 J 'mol K 
L1Z47 Mnol-K 



Ui.-I^fiju, "l„ I.!» |(2.50 4.09 C 



K% Alt \ Jk.: The unte amixint uf heal come* a imallcr Icrnpcraturc inctvaie Ibr H. «nce *omcof (he cnergy 
input goc* into the interna! degrec* of Irccdom. 

i V4.V huMin: C = Wc. where the mular heat capacity and * i* ihc ípcciñc heal capocity. pV -nRT -^RT. 

SrrUP: V hi -2(14.007 g/raol)- 28.014* 10 1 ka/mol Por water. ^ ■ 4190 IfcgK . Por H jy 
C f * 20.76 * mol- K. 

Erara ( É) ^-£._^ «^f^.imcbrgcr. 

• lo L. '.ni, ibc water, tj mi p a/' - (1.00 kg > 4190 J.mol -KHIO.O K)-4.19xl0* J . For an\ 

Q 4.I9kI0 4 J „ mRT (5ASkgXU14 Jtnol K)(293K) , 

wr - - - 5.65 ktf t í - - - 4.S5 m - 



c N Ar <74l J.'kg KMI00K) hip (2S.014x10 * kc -m«!Hl .01 A 10 Pal 

EvaUtaTE: c W xrruller for N¿. r*o le» heat b meded Ibr l.Okgof N. than Ibr LO kgof water. 

18.44. í.ithn Min .it.dSt.l l>: ~R contribultoo lo í* for each degree oflK + eckim. The molar heat cafHinty C" i* 
reiaied lo ihe ípecifie heal capaciry c by C - Afa 

I \m i n : Q 3Jf - 3(S.3145 J.mol k . ■ . .. K. The ipeeiHc heat caruerty út 

CV "Q/*f-(MJ Jnu>I-KH!VM*lM L u T iixil | ■ 1 380 J.'kg ■ K. 

(b) Por water vapor the «pecilkr heat eapaeity u c m 2000 Xkg ■ K. The molar heal copacíty ti 
CaJJf-<l> ■ ■ I. - , .1. ! ► 1 1 ' 1 Ikg K> ■ 36.0 Ji'mol K. 

EVAUUTV: The ditTerenec ñ 36.0 imol K -24.9 Jmol K = 1 1.1 l'mol K, whichuabout 2~{±R): the 

vibraiKinol degrect of freedommakea tignificant cotirnbulion. 

18.45. Iolmim: (\ -}>R gtvex C t in umU of Imo!» K , Thcoiomie moM .i/gi>e% ibc mass of one mole. 

SETUF: Poralummum. ¿r* - 26.982x10 k kgmol. 

mor» (.) C, -IR-M^K . c, ,-^^±-, ml/H -K. 
<b)Tabk 17.3 givcs 9l01kg K. The valué rnim£q.(IS.28)brxiolargebyaboul 1.4%. 

EvaLUaTE: As shown in Pigure 18.21 in Ihc Icxrbook. C, approache* ihe valué 3A as Ihe lempemlure increovtci. 
The valúes in TaMe 17.3 ore ot room lempetalurc and ihcrelbrv are uimewhat «nalltr ihan 3/í. 
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18.46. iDi-Mirv: Table 18,2 give* Ibe valué oí v.'v.» forwh»chM?%of Ihcrtwkeulesrtavcasmallcrvulucor v/v M 

SefUP: For N ; , A/=2K.0xl0 1 kgrnol. i v^-L60. 

CXíXi r» : i> - — ! — - H > ihc tcmcicralure i* 

* 1.60 V S 

3(1.60)' « .) 1 1 .60)* (8.3 1 45 ¿'mal K< 
4») r~l4.3S5*l0^ K ^Vm'MlíOO ihm — 987 K 
<b) r-Í^JHSyJO'K *Vm i KlO0Om'*) í -438K 

EVAUiATE: As r decrece* thc ditfribiaicm of molecular *pccd* *h¡fU lo bwcr value*. 

18.47. iDEvnrv ind Sn Lp: Maic ihe *ub*iiiution * -^v 1 in Eq.(l8.32). 

l.MTj hW m\2xkT! 
i \ vn ui : Hit «nape of Ihc diitribulion of molecular *pced« vcruw thc tcmncralurc ¡* a funclkm onlv trf thc 
kinctx cncrgy of ihc molcculci- 

18.48. lDE\nn 4íklStrL>: Eq,(l8JS): 
Anhc ma.Mmum of fUf, — -0. 

Thti rcquirc* ihal — <ec * ,r ) *0. 

Thu rccpitfcs that 1-<*r=ü *o < - ir. a* to be ibo^-n. And ihcn *incc <-y*iv\ itmgrvct = ir 

and v^*V2*rm, whichi*Ecjll8J4 

EVA1X a? t: ^ - J3v^ + Tbe avtfwgc of ^ weigh* Urgcr v. 

18.49. IdevtifY: Amtv Eq*.í I&.34) í IS.35) and f IB.3Ó). 



t R \ 



Si l l e: Noiethal — : . .1/ - 44.0 * 0 mi>. 



EXKCirTE; (u) v^- ^2(8.3145 Imol KX3D0KVÍ44 0*10 1 kgmáll-3.HxUt nVs, 
|b> - ^8 3145 J/rne4KW3CÜ K>/fai44,0tt 10 1 kg/mol» - 3.80 * 10-' m/t 
le) ^ ^ ^(83145 J/itio1'K)(300K)/<44.0kÍ0 ^/moJ) ^ 4, 12* 10* tu/*. 

Evaii aff.: The average ipccd ta grcaicr ihan thc mo*i probable ipeed and ihc tm* speed ¡1 urcalcr than Ihc 



18.50. Io*a iim sUh! S#;r L'p: Ifihc icmpcraturc al al t ilude y ¡* bclow thc frrc/ing point only cimit cloud:t can form 
U*e r - T t - <*r lofirdtheithatgive* T - O.CTC. 

I.vi.cite: Y m — 2 5 km 

EVautaTE: Thc «oliiMiquid nhasc transí ion oceurs at 0 ¡ C onty Tor p-LfllxlÜ* Pa. thc remití of 
Lxample 18.4 locttímaie thc prci^itc al ati atlitude of 2.5 Lm. 

W>:lv : - y?r ^ I 11X2500 n%!«htm> -OJIO (u»n« the calculalion in Examplc 18.4) 
Tben ^-(1.01- 10* PaV* 111 -0.74xltf Pa. 

Thit prcfsure b acII aho\-c Ihe Iriptepoint prcuure fot water. Figure 1821 ihow* Ihal thc lúiioo curve ha* larjze 
slone and il taLc* a largechange in presiure 10 chance ihc nhate tranMiHfti lempetaturc \er>' rnueb. UsingO.lX^C 
Littriniuee* titile error. 
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18.51. Id£ytifv: Rcfcr Id Ihc phw diagram in ligurc IS.24 io thc Icxlbook, 

SkfI t p: Forwalerthc tnplc-rH)¡rrtpics*urcis6IOPaarHl me crilkal-poím prcssurc is 2,212x10* P.i 
Ext.CiíTE: (a) To ótame ■ solid lo liquíd I mclling) phate transilkm thc prcssurc musí be grcaicr Ihan (he triple- 
pnnt rjrcssurc «o - 610 Pa . Por p< p t Ihc iolid to vapor {siibliirationiphasc transitíon » observed. 

(b)No liquíd to vapor iboilingl phasc tranqueo is ofactvcd 1 1" thc prcssurc » greater than tfo criucal-poini prcssurc 
= U 12x10 Pu . For p t < p< thc *cqucrKc of phasc iraasition* «re solid lo liquíd and rben liquíd to vapor. 

Evaii vfk: Normal atimuphcric prcssurc » approximalcty 1.0*10* Pa , so thc solid lo liquíd lo vapor scqucncc 
of phaic transilioni is normal ly observed wben Ihc maichal is water. 

18.52. iDBfnra Rcfcr lo Figure 18.24 in thc tcxtbook. 

Si r le: Tbc Inplc poinl lemperalure forwalcr ¡s 273.16 K -O.OI'C 

ExcCL-f t ' : Thc Icmpcrature ú le** inan thc tríplc-poini temperatura so thc solid and vapor phases are in 
ccjuilibrium. Thc box contatos kc and walcr vapor bul no liquHl water* 
EvaUtaTE: Thc fusión curve terminales al ihc inplc point. 

18.53. IDEVTIFY: Figure 18,24 in thc tcxtbook ihott* ihai there u no liquid pha*c helow thc triple poim prevture. 
SmVtz Tablc 18 3 give* ihc irjuc poim prc«urc lo be 610 Pa for water jrxl 5 .17 - 10 Pa IbrCOj. 
Exjxite; The almospncric prcssurc is bcktw ibe inpk point prcMurc of water, and there can be no liquid water 
on Mar* The same btfkk iruc for ("O; 

EvaI-í xn : On carlh p — ■ 1*10 Pj t mi on the surfaec of ihc earth there can be liqukl water bul not liquíd CO». 

18.54. iDEVtirY: = fVJkT - fJAp 

SKI V9z fmmé, /r*3.6*rl0~* K 'and * -6-25* 10 11 Pa 
Encims WAT- (3.6*10 ~* K'XI 1.0 LH2I C)^0.00»3L* 

-kV 9 Ap-{t 25 - 10 '*/Pn)(l 1 1 .) (2 1 ■ in Pa» - -0.0014 I. ,Thc toUl crumrc in vorurnr u 
¿r m 0 0083 L - 00014 I ■ 0 0069 L 

ih) Ve*. Al" ís mueh les* than ihc original votume of 1 1-0 L. 

Ey.vj i vn ; Evcn lora large prcsuurc incrcascand a modcsi temperaiurc ¡ncrcasc* ihe macniiudc of ihe valumc 
change duc lo ihc icmpcraturc increasc is rnuch largcr than thal duc to ihc prcssurc increaie. 

18.55. iDBCTlFtt Wc are isked lo compare twostalc*. Use Ihe idcal-ga* law lo obiain in lemuof m t and the ratíoof 
pressures ín Ihc lwo slales. Apply Eqí 1W) lo the tnitíal stale tocdleubte «i- 

SiifUr: pV-nRT can be i*Tirten pV-\m<M\RT 

T, K A£ A are all eonstaru. so p fm ■ RT MV - comraol. 
So A/M.sft/Mj* »bercfliwmeriu«oribeu^ininclar^ 
DtcCifTE: a «1.30x10* PatLOUlO* fe «1.40x10* fe 
Pi-2 ?o * 10 feí 101x10* Pa = 3.51x10* fe 

m t ~pyM!RTl Y i\ \ - A.ír -ílíXlm»í|00ttl m| I:1 

a (1.40x10- PaMO-01131 m ^44.U10 k^mol) „ Q 2U$ k 
(83145 J mol KHI220* 273.15) K> 



í.5ixify fe > 

U 00713 kg. 



WkIO* Pa w 

m. is Ihc mas« ihat remains in the tank. Tbc iras* that has been used rt 
m t - m 3 ~ 0.284S kg - 007 1 3 kg « 0.2 1 3 kg, 

EvAi.t vn ; Xolc that have lo use ab^olute prc;uurcs + The ataolute pressure dccreasci hy a íaciorof four and 
thc mass oí ¡ras in Ihe rank dccrcasei by a racior oí four. 
18.56. loEYim: Apply pV - tiRT to thc air inside the diving bcIL Thc pressure/' alderxh rbclow the surfaec oí thc 

waleri* p-p^ + pty. 

BcrDR p- F013xl0' Pa. T -300 15 K al the surfaec and T' ■ 280.15 K al the ocpth oí 13.0 nv 

I^xjc t tk: (a)Thcheight A* oflhe air column in thc divíng bell al this dcpih i*ill rw profKHlional u> the volume. 

and henee inversely proporcional lo Ihe pressurc and propttnional lo thc KeU in lemperature; 

- (2.30 m) , (1.013^10 Pa) f 280.15 K _ 

(L0l3x|rypa)t(1030 kg/m'K^HO oi/s »73.0 mi* 300.15 K 

The hcight of thc walcr insidc thc divinu bell is h-k'- 2.04 m . 
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(b) The nccci£ary gauge prci*urc rt thc temí /»gr frwn ihe abuve calculaikm* = 737x10* Pa*. 

EvaLUaIE: Hit gauge prcs&urc rcquircd ¡n pul |1>) ¡«aboul 7 alm 

18.57, IdeviifY: pV ■ pvw y-j^r- 

SETOi ) 10* Pa. i;* 7, + 273.15. 1.3*1*10'" J.molcculeK. 

&BCVRI (■> T r = 7" fc -273 15=94 K- 273.15 — 179^ 

<b> — — 21— = 1*2*10* moIccutetW 

V kT <IJHI*L0 fnwkcule K»94 K) 

(cH'orihc carra, j>-L Oatai 1 013* ] i* p a and r = 22*C - 295 K . 

N (l-OatraMl-OUxIO* Pa-amO . e tA n . , . i _ . . u - c- 

— molecuks m . Tne aimi*tr>hcrc of Titán uahoui five time* 

K (1.381x10"* J.moiccuk KM295K) 

denscr (han canh's almainbcrc. 

EVALUATE: Thouch it a &mallcr than üarlh and ha* weaker gravily al *urfact Tiran un mainlain a <tantc 
atmosphere bccauie of Ihe vwy low tempcraiurc of thai arniosphere. 

18.58, lo* viu\: Furconsiant temperatute* ihe variación of pretuurc with atiiludc ñ calculatcd in Cxampk IM tu be 

Brtti tf^-9.R0mV. r = 460*C = 733K. W - 44.0 pinol = 44.0x10 kpnwl. 

JÍT (ftJI4A'mol*K)(733lí) 
w =(92aimV* , * lJ * = K6 a mi . The prcoure U 86 Earra-Mmo^hcrev ocO.94 Vcnu* airtto*phcte*. 

<|>) i- ^ t /MÜ _ f*< v * l4Jmo1 «M'33 K) _ nuficfl an d al an afcitudc 

* \W V «0*10 kg,it»l " 

of I 00 km. 

EVALUATE: v úcpcndt only on Taml thc mular mai* of thc gai. Por Venus comrxired lo cartli. Ibc ¿urfacc 
tempcraiurc* in kclvin** n ncarly a ráciur of Ihrcc larger and ihc molecular ma» i>f thc ga* in the aimo^licre n 
only aboui 50"o largcr^ so r for thc Venus alnto*phcrc it largcr ihan il w Ibr Ihc fiarth** atmosphere. 

18.59, lo£vt1F\: pVmaRT 

Ski Up tn pV = ttü T we mtut w thc absoluto- prvwurv. T t -278K , p t - 2 J2 aun . 7" ; - J18 K 

CxuCUTE: /fconMant.w eonMani . ^i = £^l and 

7 7¡ 7, 



í 'I V*", 1 ^ í 0.0150 m* V 318 K 



2 'M atm , Thc Hnal uaucc prmurc U 
2.94 arm- L02 «m ■ 1.92 ilm . 

E\ aUiaTE: Sincc a ralio i* u*cd t prcsiurc can be exprcued in alni. Bul ¿faolutc pre¡uures musí be used. The 
ratío of gauge prcwujc^ b nol equal lo Ihe ralxi of ahMtIule prct^urc^ 
[8.60. iitniin: In patt UK apply pV -nRT lo iheelhanc m thc fl»k Tne volunte u constant once ihc vtoptfick i* in 

place, tn pan <b> apply pY - ^-RT lo me cibanc al ¡t* final lemperalure and prcHure. 

ni 

SztVtz I L 50x10 1 m\ M =30 1x10 * kg nn>l Seglect Ihc iheínuJ c\panMtwi ol (he íla*k. 

Eshiie: («> r, - r.i'.yí i - ( 1 t* 1 1 ' 1 1> PaH3O0K/3tWK) = R>OOxlO* Pü 

EVAUrATE: Wecould alio calcúlale ar^with ^ = 1.013x]tf Paand r ■ 380 K , and wc «ouM obuin Ihe «ame 
repulí Originally. befbre thc syMem wx± uarmed. thc m¿ivt of eihanc in thc flatk wai 
. „ / 1.013x10* Pal . . 
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18.61. {$,) Iiu ntIFV: Concita ib: go* in ooc cyiindcr. Calcúlate ihe volurnc toivhrti thb voluinc of g& expandí whcn 
thc prciiure n dwieasol fnxn (1 .20-10' Pa + 1.01xltf Pji- ] XO'UY P* lo 1.01*10* Apply thc ideal- gai 
law to (he two *talcs of thc *y*iem to oblain on expresión for r. in icrovt of í í and ihc raiio of ihc prcuutcx in thc 

tl*VJ Mates 

Sirlip: pV -nRT 

n. /í. / comttant implie* />í r ■ iw?r -con*tant, «o /*r = /* J 

Thc numberof cyiindcr* ret|uircd tu fill a 750 m' balbonix 750 m J 24 .46 m' - 30 7 cylindcrv 

Evaji uc Thc ralioof thc volunte of thc halloun lo thc volunte «f a cybndcr ¡n aboul 400. Fe wci cy linden than 

thb ote requircd becaute of (he brge locinr by whKh (he ga* b comprc*£cd in thc cylmdcrv 

(lo locvrwv: Thc upw-jrj forve on thc hilloon i» giveo by Archimcdc** pnnciplc (Crupier 14): B ■ wcighi of 

ait displaced by ballouo ■ p^fg* Apply Nci*lon's 2nd bw lo ihc ballnon and *olvc Ibr Ibc wricht of ibc load thai 
con be supported. U*c ibe ¡dcal'V>i* cü.uation f» ñnd Ibc mauof thc ga* w thc baltaon. 
Ser l.>: Tbe froe*body diagram lor Ibc baJIoon i* given in Figure IS.6I. 

m ÍM is thc mai* of thc gai that U iñude 
thc baJIoon: «i b thc ma» of tbe load 
thal íi iüpporled by ibc batloon 

ExtCLTE: £/\ ^ma, 
B-m,g-m g=Q 



Calculóte m . ibena^ofbydnigcnibMoccupici 750 m ai I5'( and r - ] 0] *10 P* 

^ <SJ145 J mol KK28K Kl 

Thcn ui A -{123 kg'm l H750m'>~63 + o kg -X59ke. and thc weighi ihat can be &upponcd ú 
h; ~ i- - <S59 kgM9S0 nV» ! ) ■ 8420 N. 

m . - j ¡ \f RT - ih.^Ltí^i KKiy nwiu: .o: w itKtOi - 1 > 5 luiing thc re«ulu of port lb>K 
Theo m t i : - m l K750 kg ^ 796 kg + 

»V - " ■ -<^96 kgM9ÍC0 roV) - 7800 N. 

K^Ai-i aff.: A grealer wcíghl can be *unportcd when hydrogcn i* u&cd became tfs demity i* le». 
18.62. Ideaiikv: Thc upward fbrec exerted by thc gai on thc pistan musí cqual ibc pülon*« wcight. U%e pV -nRT lo 
cakubtc thcWume ofthe gai.and Itom lhi% Ibc hcight nf Ihe coltimn of cas inlnc cyiindcr 
SrrUt : r.í .^jth r^O.lOO mand p ~ 100 aati - LQI3k I0 1 Pa For tbe cyiindcr, V = jrr'h . 

r , . * HrV (L0l3i-I0* MfMHiW „ ÍL 
EXfXtTt: (ti) /íx/ -uigand m-- \ — = 325 kg , 

p L013>10' Pa ^r' rfÜ,]Q0mr 

1 v vi t vfk: Thc calculalion ai»umcf a vacuum (p - Oj ín ibc lank abcivc ihe púlon. 
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18.63. iDEvnn ! Apply BcmoimYs cqualkm lo reble Ihe cfllu* *pccd of w oul (he ho*c lo 
(he (ank and mepccsiujeof (he aii above me water in me Unk Uve (he tdcjl -gai ctpution to 
(he nr in thc tank (o ibc prcnim: of Ihc ;i¡r 
i») Su i r; Po¡nt* I and 2 are vhawn in Fiuure IR 63< 



i>f water in 
ihc volunte of 







1 












3 JO o 

























A = 4.20x10* Pa 

= I.Ü0*KTPa 
Larce i jjiL implica v, * 0 



18.63 

T^í ■ A * * «Olí * > 

» 26.2 m i 
(b) A - 3.0Q m 

Thc votumeof Ihc airin the tank increajtcs *o n* prmurc dccna*cs pV -nRT 
ihe prei*ure for A, - 3.50 m and /* » thc presmre for h - 3.00 oí) 
p(4.0O m-hU- /», 14.00 m - Aj.1 

*~ p. 1 - (4.20x 10 Pa) -2-10*10' Pa 

\ 4.00 m-h ) V4.00m-3.00 ta) 

Repeat thc cakuUtion of part(a)*bul now p t - 2,10x10* Pa and i^300m 

n-/2V)ífl-fthiiiy.-;j) 

V; - 16.1 :r. i 

A ■ 2.00 m 

-3.SDm 



' ^'UoOra-Aj U.00m-2.00 
v ; = 5.44 ra* 

Wvj.O me»» (2VKP I -P í )*2 j r0 t -.>^ = 0 
>- - v, =*-l OOm 



-I.05-I0 1 Pa 



4.00 ni - a 



11.50 m 1 0.50 



4.00 m 



|LA Tbi« í* ^, 



[4.20*10* Pa>l 050m Ulqd Klif Pj -^.HOm-s 'XIODOkg m 'Kl.CKJ r 



(2IO¿(4.00-Att-100 = 9.80-9.80k withAin 
210» (4.00 -AK109.5-9JOÍ) 

9JEftV- 149* + 229.2-0 and A ! - 15.206 *23.39*0 

quadratic formuh: Ai^(lSJ0i 1 /<l5J0) í -4(23J9)) = <7.60tSJt6)m 

h muM be lc%* (han 4 00 m_ «o Ihe only acceplablc valué ú *■ 7.60 m - 5.86 oí ■ L74 m 
E VAHOTE: Thc ílow ilop* wben ft/^^) equal* airprewure. Fot h - 1.74 ra, p -9.3-10* Pa and 
«0;->a» s ft 7l< Wa- "> ¿•+«01 1-J! ¿l-l OxlO* Pa, whichúai 
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18.64. IdeviifY: Use thc ideal gai law K> fínd Ibe number ofmok*of atr raken in with cach rnaih and frorn thn 

calcubtc ihc number of oxygcn mokculc* utkcn m Thcn fmd thc prct*urc al ati devalan of 20OOm and repeat thc 



Sí f Lp; number ofmokcideiin a mole U A\ -6-022x11?' nmkcük*mol. R - 0.0S20fi L atm mol K . 

Lxamplc 18.4 ibow» thal thc pretsure vari&lton with allilude \\ when conttani tempe tature i» asturned* i* 

p ".Forair, i/ -28.8x10 "* kgmol . 

P** O.OOatmn'O^OL) 
EXíCLTt: <u| pl ^«/¡rgivci ff^i — ^ : 1 : «04208 mol. 

RT <0.Ü8206 L atm mol - K H 2*íV L 5 K> 
A - (0.21iiifí\\ - (d.2 LD»ü D20S mt>]|ñ.ü22 * I0 J mokcuk«nxtl)-2.63x]ry' nulecuk* 

ffr (8.314 J.mol KH293 15 K> 

A' i» ptoportional lo whtch n in lurn proponional lo p, so 

Hmí *™ mm \ia*ltf k molenik»), 2.09.10*' molccul» 
\ 1 .00 aun ^ 

(et Le** O; i% laken in with eocb brcaih al thc highcr allilude. so thc penon ntuxi takc more brcaihi per minute. 
Eyaiaafe: A given volunte of ga» contaim lewcr mokcuk* when thc preuurc i% tmeteú and the tempcraturc 
ii kept conitani. 

18.65. iDEVtin andScr L'p: Apply U|.(lS2i lofmdJtandthcn uie Aladro * number lo ImU tlu nun^rof nwleculev 
EXCCirrt: Calcúlale the number of water mokculc* X 

Number oí mota: a-— ~ ^5 «2.778x10* mol 

M 18.0x10 ' kgmol 

«(2.778*10* mol)(6.022*IO ; * moleculei/mol^LTxlO 1 * rnolecuki 

Each water moleeule ha* threc atonta so Ihc number of alomáis 3(1.7 xlO n )B 5. 1x10° alotm 

EvaLUaTE: We could alio use Ibe nu»cs in Hxamplc IS 5 to ímd thc mass m oíone ILD moleeule; 

rtv 1 ku' Then r¥-A\./«« 1.7x10" molccukv whichcbeel» 

18.66. EoevTOY: j>P «nJrT =J^-RT . Devíatioru wtll be noliccablc alten thc volunte V ufa moleeule üem the order 

of 1% of Ihe volume of ga* ihai contains onc moleeule. 

Si:f Up: Tbcvolumeofa«»hereofradiu*í*ii V ~—xr* , 

3 

EXECITE: The volume of gas per moleeule » , and the volume ufa moleeule is about 
jT(2.OmI0 H m) 1 mSAxW**?* Denoimg the ratio of ihe»e mémm o»/ 

(&023*ICr moleculnJmol»3.4xlO "* m 1 ) 

'Notieeablc devíaiiont" u a mbjeeti\e lerm + bui/on the order of Í.OM givci a prei^ure of \1f Va. 
EVALUATE: Thc forcé» between moleeulei abo cause devialiom fmm ideal ^aibeha víor* 

18.67. loiA'nn': Eq.f 18.16) m* that Ihe average trarulational kinei»c cncrgy of cach molcvule kequallo ^kT . 

¡ñf 

SKI Un A - 1.38 1 k I r" J moleeule - K * 

Em;c i fkí (u) ~m\\ ' ) rf dependa only on Tand both ga%c« have the *uime T, m bolb mokcule% haw the «ame 
averace trandaiHmal kinctic cncrgy. v H t% proportional lo m ~ . so me lightcr molcculc% + ifl, have thc crealer v„ . 
<b) The temperalure of gai B would need to be raised. 

(d) 7. > r.w thc tí moleeule» have greater ttaa^lational kittct»c cnctgv per moleeule 



|C ) JL.^ k . M M,B^--ÍL. r a I — £■ r = 5 '•" 10 fc « (281.15 K t ^4.S3. 10' K = 4250^ . 



EVAUiAtE: In -mh' I, ->trml «_ a J^- Ibc Icinpcmuii Trnutl br in kclua- 



18-16 Chuptrr IS 



18.68. iDEYirn: The cquaiion* derived in thc ¿urMCCtion ('ollúaom bet**een Molcculc* in Scclion IX .3 can be applicti 
tothe bees. Thc avcra^'c dixiancc 4 bee travcl* bctwccn collbion* ¡* ibe mean frec path, /. . lite aven ge lime 

beiweeti collntom u the mean free time, f M . The numberot* colli*ioni per tecond i* — ^- - 

SKltJR V +QJ$mf -IMmf . /^0.750*10 J m. v- LIO ra 1 *. A 1 = 2500. 

CxrXLTl : (■> A ■ L- * ^ m v ■ ■ CL7S0 m - 78.0 cm 

ÁxJSr'N 4*72(0.750x10* mn25Q0) 

^ , ¿ 0.780 m 

— É v 1.10 nV* 

h ah \ll : Thc calculation is valid only if ibe moiioa of cach bec w runíom 

18.69. Id*.yiif\: Apply ihe ilcralion procedme that is ctocríbed in the problcm. 
m i n Leí * «ji/r . T-400.15K. 

t'At.i i ii : (a|Divuiingboth lides 18.7) by the product flJTgivcs the renutt. 

(b) The attroriLhm dc*cribcd b besi ¡mpicmcnicd «na proummmablc calcúlate* or computen fe* a calcúlales Ibe 
numérica) procedure i* an iicrabon of 



i (9.8owo-> t toMn J r,_ (4 » KW ^i 

|<R3I45H400I5) I8.JI45H4O0.15) JL 



Starung al x«0 give* a Jíxed point at ^ * 3.03 x 10 a * after four itcraltom. The nuniber dcttxity i* 
3íl3xlO l ronl/oi*. 

(c) Thc ideal *~¿a* cquation « the rc*ult arlet the lint itcraiioru 295n»l/m J . 

EVALUATE: Thc van der Waal* dcnuiy i* Urgcr. Ihc Icrm eojrcsponding ki u represent* the atiraction of ihe 
molcculcf. and henee mote molcculc* will be in a gi\cn tulumc foca giren prc**urc. 
18.70. lotAiui: Calcúlale v lfc and me con*crvaiion ofeoergy lo relate the imúal speed of the molcculcs (v^) todita 
máximum hcijthi they rcach. 

Stf UP: T -298,15 K, Af ■ 28.0x 10 * ka mol . 




, 8.314 J mol KK298.15K) ___ . 

hr m 1 — 28.0*10-^1 — m5l5mf% 

lmv : s«wad J£lÍJ2!!l_- L02* 10* en - 102 kni 

" ^ 2(130 mV) 

EVALUATE: The rrmlt does om depend on ihc amount of im* in ibe cannler. 
18.71. iDEVnrV: The ma** of onc molccuk i* ibe molar *m*v \t divided by thc mimher of molcculc* in a mote, ff, . 

The average trandalioiul kinetic energy of a «ingle molcculc b \ m -IT . U«e pV m SkT to calcúlate A; 
the number of molccule*. 

BerDR k -I.3K1x10 j ' J molccule K « -28.0*10 ' rkt! r- 295.15 K . Tbe volumc ofibe balloon t% 
^ «4«(U50 mf »OM54 -tf 1 . /»aUS Mm = U7XI0 1 Pa . 

Encu» M — * - M.0.IQ"fcB^pl .^^.^ ^ 
6.022.10- muIccu^moJ * 

<b) ymtv'), -ytr-y(U8l-IO " J molivulc ■ K «1*5.15 Ki - ■> 1 1 - ]lt : I 

(C) W-£Ü- (■^.I0-P...a0654m'» =2Mí|0 , bo1kbIoi 

*T (L38I* l" k ■ 

(dt The total awra^e traniiai»nal kinetic cnergy i* 

\i- i rf i - liíM^lO ' mokcules)(6.1lxl0 J * Inuleaife)- 1.25* 10* J. 

EVALUATE: Ihenumberofraplcb^ü. 2M*lf ***** 

.V 6.022 x ]0 



IC_«4iEirr -¿(3.39 molHHJU J'mol *K|(295.1S K)-1.25x|0* J , irifakh ama w¡th ourre*ulum parí {di 



Thcrroal Prepcriic* oí Mallcr 18*1? 



18.72. iDEvnn: V -mgy . Tbe iraai of onc mokcule í& m * MfS\ . A„ *|¿T . 

SETUP: Let v*0ot ibe MÍace oí the eanh and A-400m. i¥ A * 6.023*10*' molecutevmoland 
ft*UKKlO~* J4C. 15Xr*C^288K 



l.\*;c i fe; (u) C 1 - mpA «A - 

Y. I 6.D23xl0" molccukvmol 



(h> 



2 MIJRxMT' JK 



EVajxafe.: (c) The average kmciic cncrgv al IS.IrC U much laryer than ihc mercase in gra\itai 
cncrwy, *o k ii encrgcikally pociiblc Ibr a rnolccule lo ríse lo Ihi* height. But Hxample 18.8 &how» that 
írec paib wü be very much le** (han ihi* and a matéenle wíll undergo many collirion* a* it rites. Thc-*c 
colliüion* traraícr kinclic encrgy bciwcco moféenle* and iraké it highly unhXcly Ihal j grven rnolccule i 
very much oí ¡ti tran*laiHmal kmetic encrgy convened (o gnivliationa) poicntiul encrgy. 
18.73. iDEvriFY and ScF L"p: At cquilihriuni F(r)»0. The work done co mercase ib: icparation from/* lo 

Eii<m6* F(r)*\2(U^^)[iX m trf~tR m /r) y l Tb: grar** « givcn in Figuie IH7J. 





I»*u re 18.73 

(b) cquihbrium rcquirc* f -0: oceurs at poiot r t . r « where f i« a mínimum itfablc c^uÜibnumi 
<c) t/^0 implica [(V)"-3(V' , )*] B 0 

F-0 in^)i«[(ír.;r) M -(^/r) t ]aO 

Then V^íV^ 'KJI.-r'* 
(d> -SU 

Al r~**. tf=0. 10 If ^KI-^^^T'-^/^J-^ 

Evautate: The aaswer lo pan <d), U 4 , " the depth oílbe poicntial wdl shown m ihe graph oí 
18.74. |p£vn*\: V%c pl - nRT lo calcúlate the numherof mole*. «. Thcn A\ -iir/ÉT . The ma&* of the ga*. m m9 ú 

Up: 5.0OL = 5.OO*lO 1 m I 



(L0U10 1 Pa*5.00*l0 1 m'l . Mf , 

1-am i 1 1 : u) » - — - 0.2025 mofe* 

RT (8.314 J. rool KKJOOK) 

A -4(0.2025 molMH^U J.mol KX300KI-75HJ. 

\h\ -n\i - (0.2025 molH2.016*10 1 kgrnolj - 4.08*10 * kg . The kinctk encrgy duc lo ibe *pecd of ibejet 
k K^Lmv- * ¿.(4.08*10^ kgMÍOO.O m%y * 18.4 J . The loul kioehe encrg>^ i% 



- A* * A\ - 18.4 J »758 J = 776 J . The neteen 



t incrcftieii — ■[■>:'.. ' vt J 
A*. . 776 J 



Cttf¿-2.37%. 



(c) No. The lemperalurc ü amoeiaied wilh the ramlom iran»lat¡onal molntiv and Ihal hatn t changed 
EVALUATE: £q.(18.13tgim A' - ~pi * |iV Pan5 00-I0 ni 1 )- 75S J, wh*ch agrees **ilh our rcmlt 



J ^ a I0 1 oi |k « . v tp tti lot larger than the xpeedof the jet to ihc percentage tncrca»e ín 



in pan ta). v (#4 = 

the total kmelK enef«v t cakulated m pan (b> t h snulJ 



18-18 Chaptrr IX 



18.75. Iht.MJht and St;rlP: Amív kq.ilK.lvi ta v . The equation prccccdirw hq.i IK. iZt reme* v and (v.) M 



EmiClFe; (a) v, fc -JiñTfM 

v ■f 3 g" 45M »f' K »^-S17mlk 
*~ \ 28.0-10 1 k^'raol 

(lo (^-K^ *> ^C't^^W^'O'V 1 )^ *(l ^)(5H nV»). 29* m* 

EvaLUaTE: The speed of *ound w apptoximatcly cqual lo (i , i hM xínce ¡t \% Ihc motion along ihc directionof 
propaga t km of thc wave that irammit* thc wave. 

18.76. iDCVtirV: v m *^L. 

Up: A/ -1.99x10* I», r?-6 + 96*l0' muid G-6.673*10" N m'V- 



IAmiii: ( 



V *» V (16? -LO ¡Ü V 



EVAUurT: (c) Thc e*caj>c *pccd n about Sfltinic* thc rm* *pecd. and anv of Figure 1823 in thc tcxtbook* 
i:q.<IS.32)«r Tablc (IK 2i \víll indícale thai ibcrc ¡%aneghgibfy ¿malí fraciionof molccuta with thc escape «peed. 
IS.77. (a) Ioi ntiia andSn Vr: Apply coiucrvalion ofencrgy A', +t/,+J^ - "AT ± +t/ t , where 6* = -Gm^Jr. Let 

point I be al (he «urfacc of ihc planct* where ibc projcciilc i* launchcd, and Id poini 2 be I ¿ir from ihc varth. Jutf 
bafely escape» *ay* v ; ■ o 

EXECUTE: Only gravity duc* work «y> ¡i ; t M ■ 0. 

i r, -ta? so v ; D so AT> -0. 

Thccon^aiwoofcoogyequationbccome* A, -íím^, 1 /?, -0 and -írtiwr f /AV 
Huí g ■ Gm,. i *o Gm, A;, - R t jf and A\ ■ ngA^, ai lo be ihown. 
EvaLUaTE: Thc greater gfl, n Ihc mure inicial kinctic cncrgy i* required Ibr cicapc. 

(h) Iosviift and Si: t l.'P: Sel A from part (a) cqual tu thc average kinctic cncruy ufa molccuk a* given by 
I:q^<JK 16) + M ■ i,..,-, ¡mu . But aUo. J-imV)^ »yM\ *u m$R f -ikT 



r\Jll t Tt: T ■ 



-(2R.0M0 1 kg moll(6 + 022>l(H' raolecutea mol)- 4.65*10* kg/mokcuk 

Im^. liaéSylO^kgmokculcH^KOmii'HfcJKylO'cii) - 
r — — i — I + 4Ü * 1 0 K 

3t J<].38UI0 ' J.mulccule K) 

hydrogcn 

nr H -<:o: ■ L« J m»iiif>022-- 10-' molecuk%nioI)-3J54xl0'' kgniolectilc 

2mgR, t 2(3JS4xlO " kg molccule K 9- H0 itts J K6J8*í 10* m> rf 
H 3< I JHU 10 J molccule K) 

r 2(4.65 vlO J * k g itHH%^lcML63mVM' ^Klirm) ¿ ,^ K 
3(1-381x10^ i molccufc K> 

hydcuflcti 

r _ 2(3.354^10 r kg molccakwl .63 n>VHL74*l<r ip> ^.| C ^ k 

3(1.3SUI0 Jl J.nwlccuk K) 

(d) EyaUiaTE: Thc "cwapc icmpcrjtutci" are moch lea lur thc moon than for thc canh Tor thc moon a lar ver 
fractíon of ibc molccule* al a glvcn tcmpcraiurc wi II have xpccd.% in thc Maxwell- Üolt¿mann distiribution larger 
te r*capc «peed. Aftcr ihc Jone lañe moM of ihc molccule* uill havcc^capcd from ihc moon. 



rhcrmal Propcrtic* oí Mallcr 18-19 




nf 

Serte: A/ M -242*10 1 kg n»[ lf¿ -32.0* 10 ' k$mc4 . For fcarih. M =5.97*10* kg and 
:■ ■ ; - ■ ■ :. I oí ) - leí M = 1.90x10^ kgand A = 6.91x10' m Foraiphcre. M -pV - ¿urMhc 

Eviíitf: (a) Júpiter: - j3(8JUSJ/ri^KKHOK)/<2.02xlO *ky;aii>1> = 1.31*10* m/* , 

* &06 x 1 0* ra* . a 0.022v — ♦ 
nanh:r_-^|K ^I4SJ/mol*KK220K)/(2.02xl(l kg/mcí) - l,65x 10' ra/s. v w al. 12x10* mfr. 
v -ai5v 

(b) twapc trorn Júpiter w mx likcty Ibr any molecuk, ulule encape ftum carih w much mtwc prix*ablc. 
[c> v M a J3<RJN5J/ni0l Kk200K|/(í2 O-]O 'kg/rnnl) -395m/v The radiu* oí ihc xucroid i* 
JVa(3i//4^»)' ^W-ltfra aid*eewapc»r*cdii ^ ■ JÍCAifR - 542ro/> CKer lime ihc 0> 
moleculci wtiuld ctvcnliallv all c*c jpe and there can be no wch ainvunbeíe. 



Evah m:: A* ligurc IS.23 ¡n ihc lextbook ibowx* there are wmc molcciik» ¡n Ihe vetociíy duinbuiion ihat 
have tpccifc greater Iban i h .„ . Bul a» tbc *pccd inérvate* above v M ihe oumber wíth *pccd& m ihai ranee 

■ . Tbc ruunher dÍ mokculc* in an objeci ■ t nou n a S' - JiJV fc » 



18.79. lot\ iify: r,„ - J . Jnc number ol mcikcuk* in an object oTiium iwu A-n\ r — 



Str te; Tbc volumc oía ^ihcre oí radiu*r U r--jr'. 

3*r 3<l.3ílxlO ll J;XM30OKl , t , „. 

Execlte: n> _ -1.24x10 kg, 

vi. (OdOIOm/ir 

<h) V l . 1/ jl 30 "kgK6M3* JO ' nwlccubvmoll/dMO^Hl 'kg/orol) 

iYa4.l6*lO'Wlecuk» 
WTIttd^c»^ 

Evalúate : v m B dccreaAci ax m ¡ncrca&c*. 

18.80. Io^mim: For i ¿imple harmonkc^illator, i -Ac&t&t&nú i. ■-*Llimtf .wiib a>-Jkfm . 
SKI te: Tbc avtrsge valué oí co*i2Af lovcr ooc penod ¡* jcto. *o (un'*»)., ^(co*^)^ «j. 

C^.vitAFK: In ircncral* al any givcn ¡mUni oflíme & * K .ha C4tly ihc value% averaged over ixtc pcrx>d ihat 
úk equai. 

18.81. iDtAnrv: Tbc ccjuípaniiion principie say* that cach atom hox anaverage kinctic cncrgy of ~iT for cach degrec 
of frecdora. Tbcrc kanccfual average poten tial ctterg} . 

Ski 1'p: Tbcaiom* in a thrccHlinxm»on4l tolnl have threc dcgrcci oífrecdomand (he atimi% in a ruH>> 
dimensional tolid have rwodcgrcc* oflreedom. 

E\*;Cl FF.; (a) In thcsatne mannerlbal Bt)4l828>waiobtaÍned f (he heal capacily oflbc iwa dinvm^íul mi id 
wouldbe IR - S mi>l K 

(b) The heal capacily nxiuld behaw qiulitaiivcly tike (hoie in Tigurc 18.21 in ihe kxibook. and the heal canaciiy 
wuuld decreaie wíth dccrc&ting teiuueiJlure. 

K\ Aii \FF.: At vecy kw lemneraiurei (he equipan ilion ihcorcm doesn*i app-ly. NioM oí the aiom* remam in ibcir 
ImvcM eneruv Maie% becau^e ihe ncxi hicher cncrgy kvcl ü nol 



IS-2* Chuptrr 1* 



18.82. lo*-N i\f\i The cquipartition priixipk wy* that cach mokvulc ha* avciauc kirvctic cnciuy of ~kT forcach dcgrc 
of frccdom / ■ 2aHL <2v . whcre 1 i* (he dblancc bciwecn (he two aioms in thc mokcuk. A\ 4 —4 /ai* * 

SBrUft . ii-niv «sJftV, -(16.0*10 'kg 1 mol)J(6fl2xlO íl mofccxik».mol)-2.66*ll> J * kg> 

E\j;t i fk: (u) Thc íwo dcgrccc of frccdom a*iocialcd i*iih ihe rotalion lora diatomic mokcuk accounl lar rwo- 
nflhiofuVtoiallüneaccrjeTgY,io K m - nRT-HM moln8J145J/rool - 249* I0 1 J . 

(c) Síncc (he rcsuli in parí <b) b fot onc mole, (he rolational kinelic cncrgy fot one aiom ¡* K ( ' jV 4 and 

2^757 / «üt^TI) 6.52.10» «dA.Thúi.muchbn^ 



í YilMxlD' 4 * kg*m'H6023*IO ;i mokcukamol) 
(he tvptcal valué (ora piccc oí ítiutim; machínery. 

EVALUATE: The average rotational pcrkul 7 ' 1 :■■ mokcuk* t% vcryshon. 

18.83. iDEVtirV: C, - *V(f ff|*wbcrejV¡* thciumbcrofdcgrcciiof ftecetom. 
Skf L t p: Thcrc are ihree transdaiional devrec* of frccdom 

Exr.CirFE: Fot CO r N ■ 5 and ibe roniribution lo C olber iban from vibralion h iR ■ 20.79 i mol K and 
C-iJI =4,270 C, , So 27% oí C, uduetovibndon ForbolhSQjaodll^ N - 6 and Ibe coninbution k» C, 
oinerchan from vibración íx i/¡ = 24.94 Imol» K . The rapcrtivc IhiciionKof C, from víbrobou are 21% and 3.9%. 
EYaUjaTE: "Hic vjbrational contnbuúon U much Icm for U S In 11 .S (he vibralional cncrgy *lcp* are Lirgcr 

bccau*c ihe lwo hydrogcn atom* haw imall mu* and <&- JkTm * 

18.84. iDEvnFY: Evalúate thc integral as ¿pecifted in (he problcm. 

Si:f Lfc U*e ibe integral formula gira in Problcm 18 + R5. with / - ai ?2kT. 

B "™ '■> ('"«""fe)"!''' •' '"*-H^f (^MS"' 

EVAU ATE: (b) /(vfc/v w (he probability (hat a partick has ipeed bdwecn v and r + Ihe probabiliiy Ihal (he 
pankle ha* «orne «peed U undy» so the *um (íniegnl) of /frkffrmutl be 1. 

18.85. [üt.Mitx 4mlS*;r Lp: li\uluate ibe inlegnl in Eq (10l)a*ipccificdin theprobkm 

I - \m i ii" J * v 1 f{v) dv - 4*ím 2t*D m J * ^ A* 

The integral formula wiih gi^'et J # rV *' A* = (iSo 1 ^JJi a 

Applywrlb tí-m. 2ír. J V/<v) A* = 4,r(m. l 2T*Ty' J (y r H)(2írmyV2T*rni -<3'2K2*rnr) - JArm 

EvAUrATE: £quatÍon(18 + 16|say« yftnV)* - -U7" 2. so - 3*7" in agreemenl with our cakulaiion. 

18.86. lotvn^v: Follow the procedure ipecified in thc prohkm 
Stí L p: tf v ; - :heti dt m 2i«A . 

I \m i ii: | . i .■ í.t¡-Í-J j^c'^'A; Mafcmg (he *ugge*ed change of variable. ^-X 2t\n>>^ 
^ V* ■ * l 2 »i (¿v, and Ihe integral becomet 

whidiíiEq><lL35>. 

EvaUiaTE: Thc integral I i/(v>A- U Ihe definiinn of v 



IhcrmalPíopcrtietol Malkr 18-21 



18.87. iDíAim: f(v)dv tí thc piobjbility thai a particlc ha* a tpccd bctwcen t and v- ¿ft < 1K :*2i gíves /(v>. 

by l . . > ■ 1 

m i Ur- Por 0 ; , llHof OMwMl i* m - V A\ = 5.32*10 * kg. 

Em;c i fe: (a) lúkív ¡* Ihe fraction of ihc particks thal have «peed in Ihc rango from vio v»iíY Tbcnurabcr 
of partick* wiih ajeafc bctwcen v :mdv**A- b therefore rfA -A f /(vkA and ¿LV - aV^ * /UkA- 

mS^*-V-^Ú£ l*/M S íto/(y^>*4.[^) ^)c**-^í_ F<*c*ygen 8 a>ai300K. 

«3.95K10 1 nV* and /(vj&v- 0.0421. 
U) Increaiing v by l factor of 7 change* / by a tactor of ?V *\ and/lv)Av - 2.94* W*. 
(d) Multiplymg Ihe icmpcraturc by j factor of 2 ¡ncrea*cs thc mo*i probable ipced by a factor of v '*2, and thc 
mttvcrc are áxmijficd by J3: 0.0297 and 2.08*10**. 

(r) Simibxly, when thc tempe tature i* otte half whai ¡l wa* parts ib) And ícK tne fraelion* incrcatc by 
lo 0.0595 and 4.15» 10"*. 

Ev.vj t u i ' (f } At kiwcr tcmncraiurc*, thc diálnbution it more ¿harply peakcd about thc máximum (Ibc moM 
probable ipeca*), a* is ibown in Figure lR23a in ibc lextbook 

18.88. IDENTOT: Appty thc dcfimüon ofrclalivc humidity given in thc problcm. pV - nRT -~~KT . 
mi I v. \f -18 0 ■* 1 0 kg mol 

EXICims (u>tTwprcwurcducto water vapor i* (0.60X2.34*10* Pal - 1.40 ' 10 1 Pa. 
^ Mpy (18.0*10 'kg/molHLJ^xlO* PaHlOOm') J() 
(8.3145 J, + mol KH293.I5K) * 
Fvaii afe: Thc vapor prt4*iirc of water vapor al thii tcmpcraiure \% much leí* ihan thc total atimuphcnc 
prci*urc of ]."" l*>" Pa* 

18.89. IdevtifY: Thc mca*urcmcnt give* Ibc dcw point. Rclalnc bumidirv it deímed in Problcm 18.S8. 



SitUP: rriitivr hitmnM r - ^""^ OÍ * lcoinCTilUfC f 

vapor píctMue of water al icmpcraiurc T 

K\*;t tTE; Thc experímont show* thal thc dcw point i* lo.fl'T. *o Ihc partiatprcínitrcofttutcr vapor at Mí.O'i' 

k cqual lo Ihc vapor prcisurc al IfeO^C whkh U l.KlvlO' Pa + 

t k: - Pa 

Thut thc rclanvc hunndiiv - ■ - 0.426 ^ 42.6%. 

4.25-10" Pa 

E\ Al t \Ft: Thc kittcr thc dcw point h compared 10 Ibc air tcmpctaiurc. ibc unallcr Ihc icl^tivc humiibiy* 
18.90. lot-vtirv: ÜKihcdcfinptionofrcUtivc humidjiy in Problcm IS.SSand thc vapor prci^urc tabk ¡n 
ProMem 18.89. 

SKVDPS At2KOT Ihc varwprciwircof water b 3.78x10* Pa. 

Kx*:c 1 tu: Fora rclalivc humidity of 35V ibc partial prc»urc of walcr vapor i* 

(0*35X3*78*10* Pa)»l.323xl0* Pm. Thi& delate to thc vaporprcimrc at «hich v»x»uld be al an altitud: 

<30 Í C - 12^/(0.6*^*100 in) - 3 km above thc ground For a relativo humidily of 80%, thc vapor prc**urc will be 
thc same ai thc water prc*airc al an>und 24 : C eorreiponding to an altitude of abnut I km. 
h ui mi : Cloudi Ibrm al a lo^cr heteht when thc rclativc humiddv al thc turfaee \% larucr. 



18.91. Io*.mih: Eq.ll 8.2 1 ) give* ibc mean frec path X . In Eq.IIS.20) use \\ %t J in place of 




p¥ - nRT - SkT . The cieape »pced u v„ - 
Sef Lp: Foratomic hydtogcn. .1/ - 1.008* 10 kg^mol . 

ExtriTE; (u)FromEcj.íl8.2IJ t ¿ - (4>j2r J (A , /r» ' = (4^^2(5.0*10 *'m) i (50xlO*m" i »" , = 4.5*IO l 
(b) r„ » JIRTtki - ^3(R 3145 J/mol KM20K)/|1.00R*10 ' kg;moll - 703 m/*. and thc time bctwecn 
col luí 00* i* Ihen t4.5* ]íi" m)/(703 m/jO-ó^vlO**, about 20 yr. Cotlbion» are nol very important. 
le) p ^(♦Y/nAT- (50. 1.0x10 * ro'«l 381x10 i( J;KX20K)- 1.4* 10 " Pa> 



IS-22 Chapttr IS 



v^- J(Hxí3H6.673xlO "" N-n^ks^SOx 10* inf A )(l.67xlO '** kg)(IOxM6x 10"* m> J 

v V4v ■ 650 m;V Th¡* b lower than r (H and ihc cloud would icnd to evapórate* 

(e) In equilibrium (clcarly nol thcrmai cquitibriurnj. ihc prcsairc* will be ihe unte; from />r - SkT. 

* 1«* t * v / r m *K*+iNflX*+ »d «he «*uh foltow. 
(O With thc repulí of pan (e), 



more (han threc time* ihc fcmpcraiurc of thc snin* Thí* indícate! a high avcra&e Linctic energy, bul thc thmncs* of 
(he ISM mean» chai a ihip ivixild nal bum up + 

EVai i \xít: The temperature of a gas ce óctermined by thc average kinetic encrgy per alomof thc gas The 
cnerey density Ibr thc gas also dependa on ihe number of atomk per unil volume, and ihis ¡s very ¿malí for ihe ISM 
18.92. IDEATIFY: Follow thc procedure of Fxamptc IS^buiuse T-T n -ay. 
Si.rl T P: InO + tfJ** whearñvcrvsiriaJl 

Encim: (i) *«-^. whKhmthiscascbccomcs ^ - - * . Thi* intégrate* to 



(b) For sutlicknlly smalL ttWl -—-> * ,n " 8¡w <hc expression derived ¡n Examplc 18.4. 
(, _ (0.6.10 ' C'frfttttt Afe a ,23.8. 10 ■M'MW) =S 6 „ 6 mJ 

Ak(<XRlS4ft f tf1t sOJ15 atia uhicb b 0.95 of thc rendí found in Exaltóle 18.4. 

EvAJi afe: Thcprcssurc ¡* calculattd lo ¿cercase more rapidly *nh altitudcubcn wcassunx Ihat Falso 



dccrcasc* with allí lude. 

18.93. lotsur* and Se.f L'p: The behavior of iioihcrm* for a real gas above and bclwv thc critica! point are shoxvn in 
Figure IS.7 in the lextbook. 

I Am ' \ \ : (■) A slopc — ■ ■ !ii mean ihat an inerea^e in prcuurc cause* an mercase in volunte, or 

that decrcasing volumc resulis in a dccrcasc in pressurc. whkh cannot be ihe case forany real gas. 

<b) See Figure 18.7 ¡n ihe lextbook. From parí (ak p cinnol haw a rHwitivc ilooc along an nothemi. and «i can 

have no extreme* (máxima or rrunúna} ahmg an i&othcrm. When vjmxhc*. alongan isotherm. thc point oo Ihe 
curve in a diagram mun be an inrlcclion poinL and £^'0. 

<c) p — — »- ■ + — — . Sethng the latílwooftheheeviua] lo 

V-nb V 2 dV iV-*by V 1 dV' {V-nby V 

«Togtve» V y nRT -latfiV-fib)* and y'ttRT -hm : iV -nh) 1 . 

(d) Foltowing the hirrt. V -{}f2)(V *«rVK whkh ii solved for it':*n t - V*. Suhstituling Ihis inlo citherof Ihe lasi 
iw cxpresijoo* in pan <el gira Z -Sd/27JfA. 



(*7«) t 2fr 9fV 27/r 

|f) H ; :3.2ft N ; :3.44 H O 4JS 

EVALUATE: (b) Whilc all are cktse te* thc agreemeni n not good enouyh lo be uselul in prediciing crilica 
punt data The \ jh der VVaaU equation modeU eeriam gate«^ and h nol aecurate for subtfancci near 



Thcrmal Pwpcrtii:* of Mallcr 1HU 



18.94. IDEVTIFY and Ser l"P: Fot .V partido, = and i^-^ÍX. 
ExtClíTE: (■> v. -4fa +v 4 ), v m «.j-J^TT? and 

Tiró show* ihat i^2v A , withcquality bokling ifand only ifibe panidc* luvc thc *amt vnmlx 
< h > ►*! , jt—: ; h ~— ■ .V" tu), and tht given íbnr» follow immcdialdy. 



[cf The algebra i* anular (d that in pan (ai; it ncjis lomcuhai t&cxpfcsi 

V'-—v> - ' V '- J *2r ir-ii 1 )*— «' 
• A'-l ' (.V-.IV " - N+l 



thii diflcrtnce i* neccuahly p ■ i ■. and > v^,. 

(d) The repulí hwbccnshinvnlbt and ti haibccn *hown ihat validity Ibr ttimplies validity for rV+l; by 

inducriun, thc repulí u truc for all .V 

EvaUíaTE: i > r becauxe r givci moro wcight lo partido thal hnvc vr caler ¿peed. 
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Ifji 



(a) Ijumiív and Sin t>: The presare U cuntían! and thc volunte tncrcaic*. 

■ » * sketched ¡o Figure \9 



Figure 19.1 



Since /» b KM, W - /»J d*'- /H'j-*'») 



Thc problcm ujve* rralher than/» and l\ 10 use (he ideal gas law to rc^rilc thc expresión Ibr 
Ext CITE; pV -nRT *o /**'-ttJÍ7¡, /\J ■. -i .. i-. - k—'.. L k'ivc* 

Thui ¡I* -nR(T¿ -í]t n jn altcrnaiivc exprcraion Ibr tbe wnrk in a consiant prcuurc pnxcru Ibr an Ideal gas 
Thcn tt'-íf/í^-Jil-U OOmolKSJWS Jilnol ^107*0-27X1 -*I3J0J 
LVAliUTE Thc gas expande when heaicd and do» posilive work 

IDGNTIFY: AteontUM pftuturv. íl - p&V - nH\T. 

Skf I t p: /í ^ 8.3145 i mol K, A7"hai thc Mine numerical vakic m kclvins and in C\ 



ar =— = 



Sxirr J 



-3MK. ATI-Aí; and T, ^27 0T* J5 l í C-62J-C 



«JT I (t mol» (8 3145 J mol Kl 

EVALUATE: ftlicn fT>0 Ibe gas expanda Whcn p w constant and I' mercase*. Ti 
l*J, Idevhfv: ExampLc 19.1 *hiw« that fecan isothermal procera »' - «Itrio!/?, /\ ) /jI" -«ltr iay* r 
when/r mercases and TU ccmttant. 
SrrUh r «351*15 K. 

Ku.ci ri : (tt)Thcprdiagramisxketchcd ¡n Figure 19 .1. 



|b> H r -í2fl0molMSJ14 Xmol KH35KJ5K)ln -£t- L -6540 J 
EvaUíaTE: Since rdccrca*c*,Jr'i*ncgat¡ve. 



iDEvriFV: Uk Ihc exprés 
Su i y: Tbe volumc tí 
1'Anuj; (»>Tte /> I' diagramas givcn in Figure 19 4 
(ti) Since .\r-i). PT»a 



Figure l« 

appmpnatc to this tvpe «f proces* 



19-1 



194 < hupirr 19 



EVALUATE: For any conslani votante procera ihc ivork done n /ero 



Ffcure IM 

19.5. lD£vrm: E*amplc 19.1 shows ibat for an isot herma I procera ir - aRTlaíft p .). Solvc fe* /.i 
SO 1*3 ForaconrreraÍon(l dceicate*) W 'hdc^iivc w JF = -51ÜJ. r- 295,15 K. 

rHT I p y ¡ o. nftT (0J05molX&314 J mol KH295.15 K) 



lAKMl: (al 



- -0,692 



Pj - . l - . 1 .76 srm)r 

Ib) ln the procera ibc prctaurc increaics and Ihc volunte dccrcAscv TSc p\ -diagraxn i* «krtched in Figure 19.5. 
EVaia'aFe: N r i* ibc \vork ck>oc by ihc uas, *o when the *unoundinu* do work on the gas., ir is nctahve 



19.7. 



19.6. (A) JmiMii v and vi I : 



Figure 19.5 

The/>J-diagramü*kcicr»cd in I tuurc 19,6. 
f 



QI3>** fOW(D 

timare 19.6 

(b) íikubte ir fot eaeh procera, uting ibc exprcraion íbr ir ihai ipplic* lo ib: specific type of procera 
iam i ii: |-*2, 1 *oir-o 

2-*3 

p a cerntant: «o II' -j>Af - <5.0ti - lo Pa|HU2Ü ro' -0.200 m 1 )- -4JW*10* J (ITu 
dccrcatc* in ihc procera } 

üvaia afk: The volume dccrcasc* «o ibc (oial work ekinc i* negative. 
iDEvnrv: Calcúlale W foe cach ¿tepusing ibc appropriaic cxnrcraion Ibr eaeh type 
SKI L t f: Wbcn /> ta comianL »* - ¿AV. When Al' = 0, W -0. 

I mm m: (■>H¡, = A<r í -r i Km í = air^=p ; <r-Kiai^ H' TbelotaluoAik.nebyihe S yticm U 



«M^^*» j4t *f; ^(p.-p.H^-f;). irt¡ch¡*ibt ra iniht/>r plañe 

(!>} For ihe procera in reverce ibe prcraurc* are ihc same* bul ihc volume 
Ibund in parí <aK so ibe loial ucrk is oegalive of the utork Ibund in pan 4a). 
EVALUATE: tt icn M" ■ h. ir > Oand when AI F < a »'<0< 

lot.Min: Appty \U-Q-H\ 

Si:f I t p: Fot an ideal gas. t/ depende onlv on T. 



by ihc loop. 

■ all ihc ncealives of tho*c 
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EXECUTE: (a) rdccrca*c* and Ff ¡* negalive. 

(b)SÍnce riiconslanu Al ^Dand p-ir Sincc ir i* negative. Q i* negamc 
M ine magniiudc* are thc *ame 

EVALUATE: p < 0 mean* hcat flowsouiof Ibí ga* + The plungcr dot* potiti^ work on thc gjw. The cncrgy addcd 
by Ihc positivc work <fcmcon ihc ca* leavv* m heal lltm «ut ofthe ua* and ihc interna! cnem' of ihc ca* \% 



19.9. IdevHfv: AU - Q - Por a conitant prcwurc procc**. ir ■ />A*\ 
Skf l>: í 115-10' J. *¡ncc heal cnicr* ibe gaa 

IAmiiI: (■) fT - pAT -<LSO»10* P:i«<j UOra' -0 1 10 m | - 3 78> 10' J. 

<h| AÜ-P-H'-llSif 10* J-3.7gxiry J = 7.72x10* J. 

EVALUATE: <c) ir ■ p&V for a comtant prtwun: procesa and ÁU -Q- W both apply to any malctia! Thc ideal 

ga* law wain't u*cd and ¡t docsn't maitcr ¡f thc gai tí ideal or not. 

19.10. iDBflim Tbelypcof rxoce» ¡x riol snecified* YYccanuxc Al? mQ-W bccaiiic tht* apptics lo all proecue a 

Calcúlate At/ and ihen írom u calcúlale AI 

Srr LTP: p » poxitive **cc ricat ¡toe* mtothcgai; p-*!200J 

«'poiiuve lince ga*exrxincU; H}*-*2I00J 

EXFXUTE: SV ~ 1200 J -2100 J - -900 J 

Wc L.ir : Ki* UXC V /!i-/f ) A7" SÍaCC ihi* (N (rUC (W any pTOCC*S ÍOf MI KÍeal £3* 

AF-i^. *^*i> -14.4C 

3íiA 3(5.00 mol)<S-314S J mol K> 

?>7;+Ar»l27*C-l4.4C»»ll3 a C 

EVAUUTB More cncrgy Icaves Ihc ga* in thc expansión work (han entere ax heal Tbe inictnal cnctgy therefore 
dccrcaxc* And íbr an ideal gax thix mean» Ibe icmpcraiurc decream Wc didn't bave lo convret A7" lo kcívin* 
sincc AT i* thc MI on thc KcIvinandCeluuxicalex* 

19.11. IdevTifY: Appty AÍZ-g-rTlo Ihc air incide ihebalL 

SKF Up: Sincc ihc volume dccTcaxcx. ti ix negauve. Sincc thc compresión ix xuddcn. Q-0. 
EXX CUTE: At/«e-(Twrth 0»Ügív» A6'«-»'. H'<0»A¿/>0. AÍ/-44I0J. 
<b) Sincc Ai/ >0. thc tempcralütc inetca»». 

EVALUATE: Whcn thc air r compre* *cd t -aoH; i* done on thc air by the forec on thc air. Thc »ork done on ihc 
air increanet. ¡ts cncrgy . No encrgy Icarci thc gai a» a Jlow of heau *o thc mlcmal cnergy increasev 

19.12. locs'nn andSEF L"p: Calcúlale H using the cquainm tor aconMam prc«ure pnxc« Tlicn i«e Ai - O - ir lo 
calcúlale 0. 

<a) E\t£ Lie: ^ f -\ t p dV - p{V J ~V t y forthuconi4ant pteuutc proccM. 

rafUxlQ 1 Pa»U 2üm - \M% m i - - I 15 -10 1 <Thc viJume oevicaK^ m the procela w W i* negative.) 

0>A6 a ^JF*s-L4OKltf J + (-i. 15*10* J)--2.55wliV J 
y negah ve mean* heat llow» «ut oí ihe ea». 

<c> EVALUATE: W - i 'O' <conriantpreNsuje>and At* -p-JT apply lo otu ivMcm, nol jusi to 

an ideal gas. Wc did not uie thc nica) ga* equation. eilher dKcctly or indirccily. in any oribe ealculaiHHi*. m> the 
rcaullN are ibe «ame wbeihcr ihc ea» \% ideal or noL 
19.1.V (DKMin; Calcúlale thc lotal food energ> + valúe fbr onc cbughmit K*\mv*. 
SzjVk 

EXCCUTE: (■> Thccnerny w (10g«40 kcal/g)*(l7.0gH4Al kcal/g)<-(7.0gK9.l> kcat;g) = l39kcaL 
The time required h 039kcalW(51Q kcaL*'h) -0,273 h - 16.4 mín 



(b) . v ':. :■■ cjlK4JíS6 J,cal>/<o0kg)-139 m/%-501 km^'b, 

EVALirATE: Wben we ■ - : A" tj. «c mu«t expresa O m J. mi can «otve for v in m v 
19J* iDBnw: Apply At'-0-r. 

Skf Up: W > Ovthcn thc %y%iem doc* vwtk. 



l»-4 Chtptrr 1* 



Iaumi: (a) Thc container ¡t takl to be wcll-üitulalcd* to there » no heal tr antier 

(») Stimng rcquirci work. The vmi^ needs to be irregular so ihat Ibc ttimng mecbanitm move* againtt thc 
waicr, not wilh the water* 

(c) Thc wotk mcniiiTCíl in parí <b) i* work done oír ibc tyuent to ir <0. and tince no heal hat been trantterred, 

EVALUATE: The Mimng addt encrgy (o thc Ik|uhI and thtí cncrgy tuyt ¡n Ihe liquid at an inercatc in inicmal 
encrgy, 

19.15. iDEVTirV: Appty At/-{J-fTlothega* + 

Sit I r; I ■: the procc», A*' - 0 p - *400 J unce bcat goei ¡nto thc ga* 
ExtCiíTE; (a)S¡nce Al'-D. H'aft 

(b) -ff/tT*ay* — contunt Since/* ikmble*. rcbuble*. T é = 2T^ 

mSince IT-O. A6*-p=+400J. 6* # -í,W400J 
Eyamafe: foc an ideal ga** unen T incrcatct* V inercatc** 

19.16. IdEVTIFY: Appty At -<J- Ji, |ir| i* ihe arca under thc path ¡n ibc /replane. 
Skf UP: M- >0whcn f F inercatc* 

E\*.< i rt- : iat Thc greatett '>v¿irk it done alone ihe path that houndt thc largcti arca above thc I ax:i m thc p*V 
plañe, whieh i* path I. The kati wock it d*mc alune palb 3. 

(h) íi" > í) in all threc cate*: ■ \( til'. %o Q >0 for all threc. witb ihc greatert O for thc creaicti work. ihai 
amne naih I . Whcn Q >Q. bcat ñ abtorbcd. 

EvaIAiaTE: £lV it path independent and dependt only on Ibc infria! and final ttaicv W and (Jare path 
independent and can have diífcrcnt vatuct for diiTereni palht bcrwccn the sanv intiial and Anal ttatc* 

19.17. Ideyiiki: AU H f U the arca underthe paih in thcj>r-diagiam. Whcn thc volunte mercase*, H.*0. 

Si:f I t p: rota complete cyek. AV -0 h 

ExeCtte; (u) and 4b) Thc clockwnc loop (II cuchites a larcer arca in thc p- 1* plañe than thc countcrciockwitc 

loop4l))> Clockwhc tooni repretent ponhvc wotk and counicrclockwiic loop* negative work. so 

Hj > 0 and tt \ % < 0. Ovcr one complete eyek. Ihe nct work U\ » H¡, > 0. and thc nel work done by the tysiem u 

pcfffrivc. 

4c> For the coenpletc eyele, AU - 0 and w ir - Q From pon (a). > 0. to Q > 0, and heal ílowi mío the 

4d>Con*¡cto cacti loop atbcginning and endingat Ihe ¡nicrectíon poinlof thc loop* Around caeh loop. 

AV m^mQ^W; ibcn. Q t - ti] >Oand fl, -W % <Ü. Itcai ílow» mío ibc ¿vitcm for loop I and oulof the tyetem 

Tor loop 11. 

Evai i vi i : ir and Q jíc paih dependen! and are in general not /ero lora cycle. 

19.18. Id&viih andM:rt'P: Deduce informalion aboul Q and W from thc pcohkm xlatcmcni and ihcn apply ibc first 
la*\ W -Q-W y to infer wheiher Q iipwútivcor negalive. 

Kx*:c i tu: (a) For the water &T>0. to by Q -mt AT beal hat been addcd lo the waier Thut heal cncrgy 

comes frum the buming íuclKixy^n mixture, and Q Ibr ihe t\**cm (luel and oxygen) i* negalñe. 

(b)Con*iant totume ¡mplict H* - O. 

<c) The i . , :-».4>iay* SU = Q-H\ 

pvO. íí ' — 0 mi by the I *i law AV <0. Tbc ínicmal energ\' of ihe rucloxygcn mixture dccrcasciL 

K\ Al l afk: )n ibít proco** intcmal cnergy from the fucl-oxygcn mixture wat tmnslcrrcd to thc water runing ir* 
tcmperaiure 

19.19. iDBnmr: For a conttam premurc procer W - p&l\ 

SlT i y ■ J; Q - O tince thu amount of heal goct into ihc^atcr. ; : 00 aim - I0 l Pa. 

BnCVRS (■^H'-^\r = (2 i 0J"l0 , PaKO^m 1 -1.00x10 1 m i ^-L67xl0 , J 
4b) A6 + - p-H'-r20*í 10* J -1.67x10* J = 2.03* 10* l 

luii un 120*)0*J ofenerg} 1 enicrt thc water 1.67x10* J ofenergv lca\et thc nutcnaU ihnxjuh 
exparttion work and Ibc rcmaindcr ttayt in ibc material ai an mercase m inlcmal cncrgy. 

19.20. iDBnVK AV-Q-W 

M i l p: Q<0 whcn heal leaxct thc gat. 

i \mi m: Foran itothermalproceu. Ai - 0, w íi -O - - J 
El All aff.: )n a comprcuion thc volunte acércate* and W < 0. 
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19.21. iDEVfiFV: Fot a curuiani preñare r*occ*&* W - pAV m Q-nC^&T and AIS ■ nC k AJ*« AU -Q- W and 
C r *Cy + ft> i deal .-.i-- \\\r. 

SEFUp: FromTable 19.1. C, -2M6 ¿molK. 
EXCCirre: (*>Theprdtagraroi*givcn ¡n Figure 19.21. 

O» ■< ■ i>; ■ - pi; ■ -7¡)- <a.250 n»iK» 3us ■ . - kh 1000 k> ■ 2ok j 

<í) The work b done on the pblon. 

<d|Sincc 1^. (19.13) noli* fwanyiHixe^ A6^rtC ( Ar^ (0.250 rr»lj(2K.46 J/mol *KM1KU>K) = 712 J. 
< * í I-itbcr Q - *C,AT orpsAtMT givcs g - W I ■<> "gnilkani figure*. 

(O The lowet prcraure would man a cotreitpondingly largcr volunte* and the nci reMih noiikl be ihai ihe work 
done >oukl be Ibc «ame a* ihat found in purt ib) 

I \ \m ü i : ií .'?Jí.\;\ u» íp; y j^d A¿* all depend ordy oci Af. Whcn f increatti at eoraiani pretsure. V 
mercase* and IF >0 Ai/ and £/arcal*o poaiive when rincrca&c*. 

< 

i . : 



Fípire 19JI 

19.22. ItiEVnrY: ForconMant volunte Q-nC k &Y. For coruum pre»urc, Q-nCfiT. For any procedí oían ideal 
gav A6* = *c;A7\ 

SKTVtz t-ttISItal-IC. Forbehum. C, ^ 1147 J mol Kaod C r = 2078 J. mol IC 

EUXITTE: W Q*nC t AT* (0.0 100 n»lHl2.47J/mol O- 4,99 J, Tbc^Ugraro ¡» *kelched in 

Figure 19.22a. 

■■id -7 ^<0.0l00mi>h|2a7XXmol KK«>OC c )^RJI J. Thc/rf' dugram i* «kctt t* I n : . 19.22b 

(c) More hcat i* rcquirrd rbr me conitant prcraurc procera. AV is Ibe ame in both ca*cv For coa* uní volume 
íl* ■ Oand fot cctfttunt prenure II' > 0. Tbe addiuonal heat cncrgy required fur con*iani pretsure goci into 

expamion work. 

(d) Ai." ■ rtC, AT ■ 4.99 J for bol» proccasc*. AL a paih independent and for jo ideal gas dependí tmly on AT 



FÍ t urel9J2 

19.23. locvnrv: Forcon*lani volunte. Q*aCyAT. For constan* prctuurc. Q-nC¿ST 
SETUP: FromTable 19.1. C, -20.76 fmol Kand C r - 29.07 Xtnol K 



EJOKims lu) Uiing Equatiun(l9.l2l AT--±— 



&4S J 



rtC, (0. 1 mol H 20.76 J , mol • K ) 



167.9 K jttd T- W« 



rhe pT-diagram h %ketcbed in Figure 19.23a 



1*4 Chuptrr 19 



<b>U*,Eq*»( 19.14). dT. jU <<UB j>b| . R) = 1 19.9 K -nd r.WOK. 

Tlu /»r-d¡agram u tketchcd ¡n Figure 1923b. 

Ev.ua ATE: At eoni-tant pre ature some of Ibc hcat cncrg\ addcd to the gai Icavc* the ga* as expansión work and 
irte interna) cneruy chantre ú leí* (han if Ibc same amouniof hcat cncrgy i* addcd al con&iant volumc. AT \% 

nrí'o.ictii'-i^l üi Ai '. 



IfJT. 



FfcjorelUJ 

' prc^i^urc attd vulutiR» in the 



law lo determine the sien 



IDEVTIFY and S#; r L p: Use ¡nlbnnation aboui 
of AJ\ andfrum that thcsenof Q. 
EXXtirTE: For constar* Q~nC f áT 

Sincc the gas u ideal* p\ -nRT and for conslani pAl' -nRAT. 

Sincc the gas expandv Al* > 0 and thcrclbrc £)>0. Q> D mcans bcat goc* ¡ntogas* 
Evaix.u i : llcat llow* inio ihe ga* + ir ¡* poxitive and Ibc inicmal cncrgy mercase** h nwit be Ihot O > If . 
iDEVtlFY: AÜ-0-IT For an ideal ga.v At -Cj AT*. and al constant prc**urc. IT = pAP =nffAÍ\ 
Skf L*p: C ( - ¿jÍ for a moratonne ga*.. 

Kmiii: At T = «(+JÍ>Ar = 4/fAr-i^ Tben Q = A[/»B' - - w llVfJ - i. 

EvaUtaTE: for diatomic ot pokalornic ga*cs* C U a diffcrcnl múltiple of/¡ and the Iraclion of Othal ¡*u*cd 



lot-MiFY: For an ideal gas. AU ~C t AJ\ and al coatiani prcsairc* /?Al'-wííA7. 
SkfLip: C r BjJE for a rnonalomtc ga* + 

I -\m i n : \ -\-It t \T - -/i\C - ^( 4.IJU - 10' PaMKOOxIO k m' -2*00-10 ' ni » 160 J 

EVALUATE: » *«XAr-|Ai/-240l 0 -rtC,Ar-í»(4-JÍ|Ar-ÍAf:*-600 J* 600 Jofbcaieocrgy ta mío 
the gas. 240 J (cave* a* expansión work and 360 J rcmains in the ga¿ a* an mercase in interna! cncrgy. 
iDEvnn: for a con%iani votante procesa Q-/tC t AT. For a constant prcwurc procer Q- ttC,AT. Forany 

procera of an ideal gas, AV - aC,A7\ 

StrfUP: FromTaWe Iftl. for N,. C, » 2(1,76 ¿MI -ICaad C,-2U7 J/moMC. Ncai ti adoed. *o{3 k 
pcaitivcand 0 = tl557 J. 



bacims (a) Ar ■ \tt¿± 

tíC f (3*00 molx20 76 J nwl -K] 



- -»25,0 K 



Ib) A/ 



1557 J 



_ g - 

ííC |3.00rr»lH2*07 J.'mol 



(e) AV = rtC, A7 for eiihcr prrxeM, w> A£/ u larger when Ar lt larger Tbc final uiiemal coergy b larger for the 
consiant volunte proeesu in ■ j .■ 

EvAi t afk: For connlant vokime If' ■ Oand all Ihc energy added a* hrat xtny-% m the g¡» a* interna] etterg> For 
iheconsiant preniure process the gas expandt and W>0. Part of ib? cnerg^ + addod a* heat leavc* the gas a» 
uivk done bv the cas. 
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19.28, lot-MiH: Apply pV - aRT tocalcuUtc T. For lh¡* corauni prei*urc peora*. W -p&V. Q-nC^&T.Vxe 

StíVfz 153*10* Pa- Fot a moruiotnic Uní JB, C, * 1147 ímoi K«id - 20.78 J mol K. 

ExfCiiE: ( , )?; ^ ¿ a»-'0'W.2».ltt-' a ') ¿};SK 

1 Jiff (JOOmolX& + 314Ímol K) 
7 _ plj _ (2.S3x 10* PaH4J0xlQ J ni') _ JC¿ K 
* nJE (3.00 ™l KS.31 4 J mol Ki 
<b) r-pAr-(2.53*lO* P»H4.50* 10'* m* -3,20x10* m') = 3.29* 10* J 
U) Q-nCJkT^OM moJH20JK lni>1 KH45Ó K -325 K) -8.17x10* J 
<d| A6 t -p-H'i4BSx|0 l J 

EvaUaTE: ■ . , i culaic AC' ai AÍ/=AC,Ar-(3OTmo1)<12.47 J md KK4SÓK-325K)-4.90*I0* J. 

wh»ch agrec* v*ilh Ihc valué we calculaicd in poxt id). 

19.29. iDEvnrv: Calcúlale ¿Tand AL' and Ihen uw ihc fírt bw lo calculad £J. 

pV = nRT so p = nRTÍV 

Wm^inRrir)dr ^nRT\\ l dV y ^nRT\fi}\fV^ ^orkdowduríngaoi*othentud prora*). 

ExeCLTK ¡I = (0.150 ^145 J mol KH350 K)ln<025r/^) - <43n*5 J>to(0J5)- -Mi* J. 

EVAU ATt: r for the g*i u ncgaiivc. MM ihc voromc decreaiev 
ib) EXEtirTE: AÜ=íiC ( Ar foranyklcal gai procese* 
A7"-0 4i*otbcnral) M vi " 

Eyaj.i afu: AL r -0 for »y ideal gis prora* ¡nwhich FdranH change* 

(C)EXECUTK: tJJmQ-W 

A6*=0 St> £ = =-605 J. (£im. Ivc; the ..r. I; Kr.. L —i ■■ j Ik' -i...:.- . 

EvaUiaTE: p - itf ; .\r b only fot a coroUni volumc prora* «o docsn't apply hete. 
Q~nC f ÁT i* only lora con*tant prcwujv procc.» *odoc*n'l ¿ppty he ce 

I9.3A. iDCvnrv: C, +Jt and r ■ ^ 

SETUP: «-RJI5 J.'molK 

EOCII» C -C,*A r s— J'mri*K a ^ 

C # -Q + = 73.8 i mri* K. 

EVALUATE: The valúe of C, h aboot twice (he valúes toe (he polyatonúc gases in Table 19. L A propone 
moleculc ha* more atoms and henee mure interna! degrec* of Irvvdom ihan the potyalomic ga*c* in ib; lable. 
19.31. Mnnm M¡mQ-W. Apply <2-nC^\rn>caJcüliic C r Apply &U = »C É A T lo calcúlale C r . r m C^C, r 

Ski i y AT ■ 15.0 C 4 ■ 15 0 K. Since hcai ■ *ddcd. Q ■ T 970 J. 
EJBCim: (&> ■ f2-»' - ^970 J -223 J -747 J 



747 J 



28.5 J mol 



«A/ (I 75 molKlxO Kl «A7 (1*75 roolKlS O kl 

EVaU afk: The «lúe of y wc calculaled b ¿imitar lo ibe valuci given in Tanto 19.1 tbr potyalomic 
1932. J i» % i ii- 1 / -.1 STT L p; Fot an ¡ckul gj* AL - nt AT. The *ign of AL' i* Ihc orne a* ibe sigo of Ai" Combine 
^4(19*22) jnd (he ideal ga* bwloobiain aneqia(um reUiing 1 and/MJtd u*e il lo determine the *Ígnof Af. 
Excite: IK^^W^ ind V*MR7fp m. T¿ p\ T *T{ p\~* and f?-l/Ob^> H 
p¡ < Pi vid ^ - 1 u pc«itive » 7^ <7¡. A7" b negilive «o AL 1 ' u rtegaiive; me energ\' of ibe ca* decrcase*. 
FVA1*uaTE: Eq*( 19*24) *hows (hat me wlunv inervase* fur ihi* proee*s. %oii í*an odiahttie expunsion, In an 



19-3 Chaptrr 19 



I9JJ. iDcvtiFY: Fe* an adiatabc proce» afán ideal s**, 0pt m P&t* * m ~~jipJi W l °W^ 
Si.r l."p: Fot a monalonuc ideal ga* / - 513. 

EttCUTE: «tl^^^J^LSO-IO-P-jjí^;] -4.76*10*1* 

(b) Thb repulí may be subsiiiuicd ¡nio t!qll9.26K subtfifuting thc abnvc form for . 

(he iniiial tender ature, ibc ga* is heated* 

Evauuí: In an adiartf ¡c conttircvtion lf < Üsince Al* <0. íí- O io Ai, - -H\ AL' >0 and (he tcmpcralure 



19.34. lut.Mitt j:i.í StrL'P: la) Inihcprocctithcprcisureincruitf&and ib: voltura dcacascv The />r»diagram 
*kctchcd ¡n Figure 19.34. 



I 



niara 1934 

(b) Fot an adiabai»; pnxcru Ibr an ideal gas 

W'-jík/ ffímptf, «id pK-nír 

EXEtirTE: Fromthc Fmt cqualian, T 3 -T^iV^ 1 -(293 KMI^OAimi;)""* 
7", *(29J Kn : 1,1 1)* 4 = 76H K - 495°C 

<>Jo«e:IolhecquMion Ffl H -1¡F/"' ibc icmpcralufc must be ¡n kdvúuj 
Pft a P/t «mpl»** p i ^^ l <K | /r j ) T *<LOOMm>ir i | 0.0900i;) M 
p í -(l.00«m)(ll,li) ,4 -29.1ami 

EvaUtaTE: Allenubvely» we can uic pV -nRT to calculare n.: /:. # constan! impliei pV T -n/¡ - comuni 

P* a A(^^jHr j y7¡) = (L00acmXí;v0.l)900rjX768fc293K^29 I whichcheclw 
I9J5. iniMin: Foran adiababe proce** ofan ideal gw, L-( A r, - p/Jaod A»? *nl?. 

StiVfi 1.40 for anidcaJdiaiomic gas, I atm -1.013*10* Pa and : . . 

I \n i n : \í r + »' =0 Ibr an adiábala: pmce», u> M H _l_ . i . i | h aj A a 1.22x10' Pa 

/»?■ M r i fV ií -0.22*10* PaH3j M -5.6K*IÜ* Pa. 

W »_L-(|5,68*10 f PaJ[l0-lO ' m ]-|l 22*10 Pa)|3D^I0 k m 'jJ-SM* I0 l J. Tbe inlemal cncrgy 

inervases bccauic ttork i* done ott Ihe gas (At r > 0) and p - 0. Ibe tempera tu re Ulerease* bccatisc ihe ¡niemal 
cncrgv has ¡nocased. 

Evaji In an adiaba! ic corccireision <0*¡ikí Al v 0 Q-Ow Al/m-W. A(/>0and ihe icmpcraiure 



19.36. Ji>i Min: Auumeiheexpamioni^adiabalic. 7¡*, = Ty¡ reíales Tand 7' Asaime (he air behaves ai an ideal 
gav %o Ai/ -JtC,A7\ Use pl -nRT lo calcúlales 

SKI 1*3 i í : -2976 J:nwl Kand r - I M) I.-OHOOí; ?¡«2 B OJ5lL n» = 2.026- 10* Pa. Fot a 
tpbere. r-W. 
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|¡|A] -(293JSK)j ,,^_„ 



1 J 3 iVJ; 18 314 Amol*KX293.l5Ki 

A6" = itC, ■ (0.3*4 n»lH20 76 J mol KX 321 K - 293 K) - 345 J. 

EYAUAfE: Wccould alto use SU »IT - — — I ni' - p V M» calcúlate Al/. ií wc ¡irst found o from pV -nRT< 

r-i 

i 1 "'. ■! ImMIFV andSETUr: lo rae cxpanxion ihc prcraurc decretuc* and the volumc inerme* Thcpf diagram i* 
¿ketched ¡n Figure 19.37. 

P 



i 



Pifare I9J7 

<b) Achabalic mean* y ■ 0. 

Then hü*Q-W gívei r «-AI/--jiC, AF» nC ( (i; -7",) <Eq.l9.25). 
C, -12,47 J taol K (Tabk |p.l) 

Ewxi n : IT - (0,450 roolH 12.47 J'mot* KX50XTC - ÍOMTC) = *224 J 
ft'poxilivc for AV >0 (expansión) 
<c> A6' = -rT*-224 J. 

EVALUATE: Hiere is no hcat cncrgy input. The cncrgY for doing the expansión work comes from (he interna) 
cnervy of the gai, which therefore decrcasc* For an ideal gas. when rdccrcaics* i'dccrcasc*. 
IMS. iDBnVK pV-nRT. For »ad¡akit¡c procera. 7ff' i mT i V*' i . 
Surte: For an ideal mortalomic gas, 

«R |0 I mol) (H.3 1 45 J; mol K > 
(bHil Isolhcrmal: If the expansión i* tuttJawmüt* roe proccsioccur* al consiant Icmpcraturc and the final 
■..■ i, erarurc i s i k tamc .i i i ¡ icmpcrarure 4 namcry 301 K. p s * pjF, I'.} - tí*. - 5.00*10* Pa. 

■ l-J-..rk v 11 * - 1.00*10* Pa. (■Wi/^Q-NZIC 

<iü) Adiahatic: Using Bqnfcni (19-22), 7", - ÍH— - Í^i^L*L¿í — ~ (301 K)(jf*' ^189 K. 

EvaLUaTE: In an »oharic expansión* ríncrcasci- tn anadiabais cxpanDon* í"cfccrca*es. 
IM9. IdevTIFY: Combine Tf\' * *TJ'{ *w\tíi pV ~ nflT lo obtain an expíe™™ rclating íand/* fot an adiabatic 

procera oían idea) irav 
SnlP: T t ■ 299.15 K 



Til// x - 



p t ¡ y LOIkIO* Pa 

KvAi i aff-: For an adiabatic procera of an ideal gax* wben ihc preraure dccrcasc* Ihe lemncralurc (¡cercases 
I9.4S. iDtvnrV: Appty 6XS - g - tt\ For any procera of an ideal gas, -rtC r AT For 



SETUP: r~2&8,15K. £Lm-lm2M. 
EXEtirTE: (ti> Aü >0úoa AÍ"-0. 

Ib) íl U SOiiwIws.314 Inu'l KxíW .15 Ki!m:;ínn -2 4*>^ lü J Ji r >Qand work U done by tbe gav Sincc 

AU*(k p-H'-i-249xlO l J, Q > 0 *o heal Bam irrto the gat 
EVAUiAfE: \Micn the volume ineieaws. IF ii ptMitive. 
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19.41. iDEVTin jíh!Si;fI'p: l'ot un ideal ga*. pV -rtRT. Thc work done u thc arcuuncto ib: palh m thcpl'-diaeram. 
F\*;c t fk: (a) The product p\' inereasc* and this indícale* a Icntpcnilurc inacw. 

(b)Tbc work b« thc arca in thc plañe boundcdby Ib: bhic linc repretcnting thc procera and Ihc vertical* al 
r and*;, tbc - ara «f ib» trapc/nd i* U f\ r p^í\ -i\t -~\2 ^, ^ W PaKOXHCK) m* ) ■ 4800 X 
EVAULVffE Thc work done is thc average prcwurc. ^(a+/»:V time* Ihe volunte mercan 

19.42. iDf-vnn: Use pl -nüi lo calcúlale T If iilhc atea under Ihe procer» in lhc /rCdiagranv U*c 
A6' = nC, AF and AL* = W to calcúlate (X 

Cp: Instile c. o = 2.0*10* Paand y = 0.0040 m\ Incale a. p -4 0-10 Pa and V > 00020 m 



nR (0.500 molKS-314J mol K> 
<b) PT-^.OxIO 1 Pa 1-2.0x10* M(0M30m 1 -0,0020 m')+(2.0x 10* PaXOOOifl m -0X1030 m » 
W- fSOO J. SOOJof^ork ■* done by thc gas. 

W r.»£¿l. <*o»m*p»«oooW ( s|92KjForlhcp(0ce> ^ Ar -« l »Ai;-o«dff-jr»*aooj 

* /j/í (0.500 molMM 14 J.'iml K) ^ * 

500 J of heat enter* thc syxicm. 

Evaii afk: Thc «ork done by Ihc jj.js oí domüvc *¡ncc ihe volunte mercase*. 
19.43. lotVHFV: Use Ai,' - £ - W and Ihc ráctlhat Ai/ i* path inuependenl. 

il* > 0 v*hcn thc vohimc incrcxics* JT < 0 when thc volunte dccrca*c%* and W ■ 0 when Ihe volunte i* constunt. 

Q>0 ifheal llows into thc sysicnr 

SKF Lip: Tbc path* are sketehed in Figure 19.43. 

P 

í ü -A 

0 ■ *90ü J <po%Ílive lince heal flow* in> 
r — ■ *60.0 J {po*¡tive «ate W >0) 




Figure 19.43 

ExcciíTE; (a) AUmQ-W 

AV i* palh indcnendcnl;(> and H'dcncnd on ihe path. 

Thft can be calculitcd foraity p alh ínmi ^ lo K in p urtkular lar palh tfeA Al . í ^ lí . = 90.0 J -60.0 J - 30.0 J 

No* anply AV ~Q~ W to path adb. At f - 30.0 J fbr thb path al*o 
IF» = +I5«0J (positiva anee AP>0) 

&U«^=ÍL*-*\+ *o = AÜ 4 - <-H^ = 30.0JtlS/JJ = *45.0 J 

íMApply Ut-Q-W lopoth/w; M/^«<L-*m 

K' M =-35.0J Inegative wnce : 

AU^ - U m -U t - -UJ « -At/ rt * -J0.0 J 

Then ft, = Aí/^ = -30.0 J - 35.0 J - -65.0 J 

(Qk * °* <nc *y»<cm liberales heat.i 

Wt/.-0, l/^-MJ 

A6' rf ^ = U t -ü. » +»0 J,»ot;,= +30.0 1 
procrxr a-*d 

**•* -*I5.0J and W^^W^+W^ Ikti the xvork for the procen d ~>f> is¿vro*ince AV -0 for thal procera 
Therefore W M - - *15.0 J. 

Then Q> - AL* - -tS.O J * I5.0 J - +23.0 J fncMitm intplic* heat absorbed). 
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IMS. 



19.46. 



: 1 11 is alrcadv ootcd, 

Aüj^ mV k -V 4 = 30.0 J - 8.0 J - +22.0 L 

Thcn - At/^ * »U = +22.0 J <t™tiw hcat absorbed). 

tVAU AFt: Thctftt^ofourcalculatcd O ri and Q A agrce with tltc problcm tfaicmcnt ihai hcai t% abuirfícd in 

tllCNC ptoccst Cft- 

IDHTWK AU-p-ir. 
Ser L P: * - 0 «ten Af & 0* 

Ext CUTE: For eacb procer Q^AU +M\ No work i* otoñe in (he proecue* aad de, and *o 1*^ -tt^ -450J 
ind IT,»*^ -1201 rhchcai lio* íoc eacb procc** i*: for p = 90 J. fue fV. g = 440 J + 450 J =H90 J. For 
<*f. )20 J = 300J. For ¡A £ = 350 J. llcai « absorbed in cach pcuccm- Nc*c Uui thcirrow* 

rcprcicntinii thc prttccnci jJI potnt ¡n ibc dircciion of incrcatmg tcmrwralurc f ¡rKrcrarag (I 
EVALUATE: AU i* pith. ¡ndependent *o a Ihe orne for path* *idr jjh! oík. Q ^ ■ 300 J t 350 J ■ 650 J 

O =90 J + R90 J = 980 J. (J and lf are palh dcpcncktH aad are diflcrcrjt for lbc*e rwo puihv 
iDEvnn: Use pV=nRT lo calcúlale r.T. Calcúlale At' and " and use At - - W to obüin {J. 
Skf UP: For palh ji; thc work done u thc arca undrr ib? Imc reprcscnimg ihc procci* in thc />r dugtam 
. T pV (1.0*10* JH0.060 m\ tM „ „ 
L PéK OA*IQ JM0020O1') 
OrSince T-T+ W -0 for procro ah - For oh. A*' -Oand =0. For fie. p i» contíant and 

= /*Ar =(1.0*10* PáX0O40m*> = 4.0*10 1 J. Thcrtforc. = *4.0*I0* J. Since AÍ/=0. 
£ = «' = +4.0- 10 J. 1.0*10 Joflical flow* ¡rito thc gai duriag proecu ate. 
=4(3.0*10* Pa< 1.0* I0 1 Pah0.040 



fc >=+&o*io fc j. c =«;, ^gxixio 1 j, 

and ¡s urcater for procc» iu than fiit procera abe. c^n thimvh ihc 



tticlotcd hy ihe eyele ¡n Ihe 



F\ ai.i afu: Thc ttxirk done i* pjth 
indial ar>d Tmal statev ue thc xame + 

iDtxroY: Foracycle. AV =0«d Q*H\ CalcuUic ir 

Stí UP: Tbc rrugniiudc of ib: work cbne by Ihe ga* duríng ihe eyek eqtak ihc 
;j|-diagnnv 

EXf.Cirrt: (a) The eyele h iketchcd ¡n Figure 19.46. 

(b) |JÍ'|i (J.50xl0* Pa-1^0^10 4 Pi)(0.O*35iD l -0.02«0m') = <-3l0 J. More negative- 

piwit(\^ work for ab and Ihe ncl work U rxgalivc. \V = -3 10 J. 
4c>f2^«^-3lOJ + Snce p<0, thc nd huí lio» * oul oflhc 

EVALUATE: Duríng eacb comlanl preuurc proceu IV - pAV and durmg ihe c**"Lini volume procci* W 



0. 



SO* IP* 



líiurc I9vJ6 

19.4?. iDlA'nrv: Uselbc Ul la» torcíate Q vt to 11^ for *c c>v1c. 

CaIcuUic II" and » aod uie whal wc knott about »' lo deduce lf ' 
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(a) Set Vt: Wc arcn*l lold whcthcr ihc prcraurc iocrc»c* or ojeteases in procera Ar. The two pauibiliiics 
thc cvelc are xketched in Figure 19.47. 





Figure Í9A7 

In eyele I. thc KHal work i» negative and in eyele U Ihc lolal work w positiw For a cvelc* Al ' - D L *o O - hí 
Tltc nci heal IV™ íbr (he eyele tí out of thc ga*, *o hcat Q %4 < 0 and < 0. Sketch I u correct* 
<h) Exicim » M - 1?„ - -ítoo J 

fr b - 0 since AF'=0. 

■ pAP lince /> is coiraiani. Bill linee k i* an ideal £ix pM - nRAT 

= »A*(r 4 -r> = 1660 J 

a »' m - -H00 J - 1660 J - -2460 J 
Eyaia aff.: In procera ta thc volunte dccrcatc* and the xvork W i* negative* 

19.48. lof-Yurv: Apply the appropnatc c*prc*uori for irfbrcacb rypc of proce**. />F-jt#rand C e — C r +R. 
SETUP: « = BJI5 I'motK 

H u.< 1 u : Palh .ji ba» corotanl prcraurc. *o M" M ■ pAF ■ «ffAT. and 

■■■tt -7"J = (3molH8JI45 j/mol*K)í«2 K - 300 K> = 4.789x10" J. 
Palh tfrfearfttriiB <(J -01 *o 1*'^ = 0- At/ »-AA7 «-«C, AJ\ anduiing C ( *C^-/t. 

t*^«-iHC^-tf)(j;-ri*-i3 mo)H29.l J/molK-HJl45 J/mol KX600 K -492 K) = -6.735x1o 1 J. 
Fath hjN comUni volunte, «o W*. - O So ihe loial work done is 

M>'-H^t»; i *»^-4JB9)<lO'J-6.7J5KÍO*JíO = -l.95><10 > J. 
EyauaFe:: W >0 unen AV >0. tf'<0wnen Ar<0and IT =0when AF*a 

19.49. IdevHíA : U*c Q - j<C, Ar to calcúlale the temperature change in ihe cttmlanl voturnc procera and ünc 

pV ■ rtRT toeakutate thc temperature change in Ine coiuiani prcraurc procera. The work done in ine consumí 
vohime procera i* /ero and the work done in thc comían! prcraurc procera ■> pAl\ L"ic Q ■ **C,Ar to 

cakubte ihc hcal flow in thc con*lant prcraurc procer. AU -ttC t AT, or AlfmQ-W. 

StiVfz Kor X j# C r -20.76 Imol K and - 29.07 Xnwl K. 

ExxClTE: (*)For procera 1,52 w 10 J -293 K T - 293 K. to 7 =5K6K 

^ n€ t (2.5«molM2« '6J tnol K) 

pV -rtRT %*y% TcViublctwhcn Fdoublei andp u conttanl, w 7] -2Í5S6 K>- 1 172 K -899*C. 

(b) For procera ab+ W Mr - 0, Fot procera he* 

»; ^ pAV~nR5J = (2.50 moIRIJU l/mol'KXI 172 K -586 K) = 1.22-10* f \V-W^ +\V^ -|^2k]0* J. 
M For procera be. Q-nCAT =(2.50 n»IK»07 Xn»l KMI 172 K -586 K) - 4.26- 10* J. 
(d> A/ = irC É AT = (2.50 moJH20.76 J mol - KM 172 K - 293 K) = 4 + 56« 10* J. 

EVALUATE: Thc total p i* 1.52x10* J + 4-26* 10* J =578*10* J. 

AU *Q-W = 5J*xlQ* 1-1.22x10* J =4.56x10* J. »nicb agrec» wiih our rCTuJu m part IdK 

19.50. loíMin; For a coitoiani preraure procesa Q ^ nC^AT. AÍ/ = p-JF. AL' = nC t AT for any ideal gas procera 

SCfUF: For N,, C r «20.76 AmoiK and = 29.07 Itnol K. f7<0ifheatcomcioutorihega». 

Extic i 1 1 : *"* t0<J -2IJn,ol. 

C r Af (2907 Í/rnol*KK40,0 K) 

íhi A6* = nC ( Ar = P(C ( /C,> = (-2.5x10* JM20,76 f 29.07) = -1.79x10* J. 



(d) Al/ u thc lor bolh (MM, and if AF -0. Jf - 0 anj 0 - \l =-L79k JO 1 J. 
Eyamafe: Fot a given A7\ « Larccr when thc prct*urt m conitant ihan w hen Ihc volunte 
19.51. locvnFt jthÍ Sir Ir: U*: ib: firtf bw (o calcúlate IT and then W*pAV for thc corelant prcsairc proccsi 

■ . ÜCU ..k il 

ExkCIíTE: AL [ = {} - IF 

P- -205* I O 1 J (negative unco be al cncrgy eots oulof thc syitcm) 
A6' = 0 m> H' = 0 = -205x10* J 

Ctmiiani nrmurc. « » ' - J * pdV = j*^ - Y t ) = pAF. 

Ti-Ar-£-- a - ,i :J IJ - 0 af. 

p 950*10* Pa 

EvaLUaTE: PiMítivc worfc ii done on ihc *y*icm by ¡ta «irroundingt; ih¡* ¡nput* tu ihc insiero thc cncrgy ihit 
then Icavcs thc *y*lcm a* hcah Bolh I9 t 4> and (19.2) apply lo all procciacs for any not ni* to an ideal 



19.52. lot-Min: pV -nRT. For an nothcmiíil proecw Hi -«ffriníf , 1 Tí For a cornual prc«%urc piorna 
W = pAF. 

SKr UP: 1 L - 10 1 nV* 

E\i;c i n : (a) IhcpF diagram i* aketched ¡n Figure 19.52. 



Ib) Al corciiani tcoipcralure, ihc product pY i* conuant *o I' - Y í >>> ) - <l .5 L 



f 1,00*10* Pa ' 
12.501*10* Pa J 



6.00 L Tbc 



final prcuurc i* given ai being ihc ame a* Pt~ p¡~ 2.5x1 0 4 Pa Tbc final vokime ¡* rnc «me a* ihc ¡nílial 
ímlnmii, wr, = J]í^ /a > ■ K» 

(tUrcaung ihc gn M nlcal ihc work done in ihc fir*proce«U rvdOT^/PJ-flftMA/Al 
Pr.(UM>*l0* ftiHLJxl0'*mMlB(i^|^]-208r 



Thc toul uork done u 208 J - 1 L3 J - 95 J. 

(d) Meal al comtanl volunte. No work wouldbc done by thc ga% orón ihc ea&durin^ ihi-i 
Inn ai: Whtn thc volunte incrcaic*, H > 0. Whcn thc volurnc dccrcüM^. W < 0. 




1 V 

Ffeure J9Í2 

19.53. lot-MiM: Ar^J'^UT. fTi ^AF <ñcc Ihc forec applicd lolnc pcilon ¡i coraran!. £~mr,¿r. á.U*Q-W. 

Iaui n: (a) Thc rractional chartgc in volume i* 

AF = rj5Ar = <IJOxl0 J mfMMnW 4 K~ I )(3MK)-4J2»W 4 m\ 

<b) H'ípAI'¿ (F/A^AY = ({3.00» 1Q É NVlO*020Qoi J »f4J2xlO' 4 oi a )b64S J 

<c> f-w^AT-l^pr^AT- (120x10^ m l K791 kf/m'MUUlO 1 J ; itg KM30A K). 

P-T.I5ÍÍI0 1 J. 
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íd> A6* = p-H' = 7JSxi0* J tothrec Jigra, 

(c) Undcr ihctc condmom H'is much lc« Ihan O and therc ¡x no mhslaittial diftcrcncc bctwccn * . and ¿ . 
Evau afe: W *Q-W\x val id fot any material. Forliquidi thc expansión uxirk ¿«much lcisihan£- 

19.54. lOEVTIFY: M'-flKAT* W - p\V lince ihc apphcd prc**urc tait prcisurc) is conitant í? ■ mcfiT. 

SefUP: Forcopper. /U5.IKI0' 1 (C*) \ c, = 390 Akg K nd |*-8.90*10 fc IcgW, 
EXICim: (a) Ar-/Hn; = (5JKlO i (C , l '«70.0 C*)<2.Üüxlü * ro) l -lR6x|0* m 1 , 
<W H^pAr^2J*xlÜ l J. 

m Q-/ac±T=f* , f&T = (8.9* 10* kg/m')(8 + 0O"lO*ro')í39OJ^g'K)í7O.OC í >-l^4 J 

(d) Toihrec figure», A¿/ = p-L940 J + 

(e) Undcr lbc*c condibon*. thcdiircrcncc isnot subsiantial* sinec H'is much les* than ÍJ. 
EVAUMTE: AL' - (7- U' apptics (o any material* l'or *ohd* thc expansión weck i* much !c« tban U 

19.55. lot.vnn *jh!S»;fL'p: The hcal produced from thc rcacbon ¡s P^-wt»,,,. v*bcrc L ^ u thcbcaiof 
reaction of Ibcchcmicalv 

o»» 

ExFXlFF; Fot a im« w of *pray\ [I nvs'r -(IS0-5 J'kg)ui and 

Thcn -(180 Jkg* 335*200 *kg|tu - (335JKO Jkglm and p , n -ml^ fc ¡mptie* 

«f^^SJSOJkgJnt. 

The mas* bí divide* out and /.. M h- - 3.J * IO J kk T 

Fvaii afk: The amounl of encrgy convened lo work u ncgligihte fot the two lignificani figures lo which Ihc 
aniivc? thould be cxprciscd* Almosi all of Ihc cncrgy produced in the reaction gocs inio hcaiing th 
19.54. lofAiiM: Tne peoeex* ¡s adóbaiK* Appty p) f - ■ p} \ and />r -nRT. O -Ow 

StflP: lochclium, r -i.tr. ;.. - l (XI Jim - l .01. 1. 1» Fj l'.-I.^Kl m 

p¿«0.9ítttf»s9.ll7tflQ fl Pa. 7¡ = 28>U5K. 

EXECirTE: (É)Ff-K*fA\ K -kÍÜ-1 ' =(2.00- 10* m')f-LSÍÜ2-í " = 2.13x10* m*. 



m A6* = -—!— ([1.013x10* PaX2.00*10 fc nV)]-(9.l 17x10* PaM2,l3*10 l m'|| = -l.25xl0' J\ 
0*67 

Kvaj.i aff.: The mlcmal cncrgy deercate« uhen Ihe Icmpcrature dccrca*ci- 
19.57. locvtlfrY: Foranadiabaticprocc» ofan ideal gai. T/\' * =TJ'¿ \ pV -nRT* 
SKFLTP: Forain 

Km:c \ J\z (n) A* ihc air ttiuwi (o lon^cr altitudc iu ekn^ly incrca^ci; undet an adiahaiK ctfmpte&iion^ ihc 
tcmneralurc rixes. Ifthc wind i« Hui^movinv, O rt aoi ai likely lo he significanL and modcling thc preces* as 
adiabatic (no heal lou to thc tumundings) is more aceuratc. 

(b) r = 02L. %a IK^-f/T 1 «¡va 7¡>¡'*r/p¡'. The lemnetaiure al thc higher preuurc a 
P 

Ti^MfttPit "'" B (25H.I5K)(|H.12xl0 l Pal'IS.oOxlO* Pa)) ; 1 ~ 287T K = 13.0*C «odie tempérame moM 
rive 11.9 C*. 

E\ ai-1'aff; In an adiabatic convreisíon, O - 0 but the te moer ature rises becau^e ofthe uork done on thc caí 
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19.5S, IDNIIY? For conMum prc**ur c . W - p&¥. For an adubalic 



Euct'ü'.: (u)Thc/>rdiagrdm itsketched ¡o Figure 19.5S, 

■:h| lk done» »'-Aí2r,-K,)^(^(2K,)- ft (4i;». *-*ffif4W má*o 

- pJ*^l*^-<2-2 lr y^ Nolethat n, blhc abtuiute prcraurc 
(el The mcut dircct way to find ihc icrnpcraturc i* to finó inc ratio of Ihc final prcMurc and volunte t« thc original 
and trctl thc airas» ideal ga& ^^Jílj - «"» A - ^h«i 

EVAUiATE: In Ib: ¡¡toban* cxoanvioo Ihc Icmpcrature «toublc* and ¡o Ibc adiabatk 
dccrc*ci lfifaega**diaton™.wilh 2-/ = f and 7, -¿OT» IT = IMfiKmi QmXSQptf 

.\r - 1 AC/>Oanddibñccndaenlwithf 



Thi* amount ofhcat floxv* irrto thc gas, «ince 



F¡*ure IM8 

19,59, IdevTifY: A«ume that Ihc ga* b ideal and that thc prora* i* adiábala?. Appry Eqvfl9 T 22) and (19.24) lo relate 
prcs*urc and \olumc and icmpctalurc and volunte . Thc dblancc Ihc pidón move* ¡* rclalcd lo thc volunte of thc 
gai Uve Eq.f 19-25) lo calcúlale W. 

mi Si i l i-, y -C,'C t -iC t * /fl'C, -\*R'C i - 1.40, Thc two po*iuor*% of ibe pistón are ihown in 
19J9- 



9.250 



ft-IJ)ixiü' Pa 

-4.20*10* Pj + /^ =5.21*10* Pa 
V, m ' i 



Hfiurc 19.59 

EXECVTE: adiahatic procci»: pf\ r = pf¡ 



Thc pblon tun moved a dbiancc fc-fc - 0 250 m - O077J m - 0 17,1 m 
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F a -Af -300.1 K¡ ft2Mm -479.7 K-20TC 
J 'UJ Uo774m^ 

iíl H-'-nC, <7¡ -7"*> (Eq.19.251 

H r = (20 + 0n»lH20 + SJ, l n»l KH3001 K- 479.7 K)* -7.47*10' J 

En Alt \n ' )n an adiabatk coirfitctiíon of an ideal ga* ib: tcmpcralurc ¡aereases. In any cumprc-^ion Ihe w*rk 
H'tioegativc. 

19.60. Irj£VIWY: m-pV. Tb^ tkmityofjir^ niveo b> > p-E*L. For an adiabatic pruccM, I^** 4 -I¡K/"\ 

pVmnxr 

serte u»ns r-ÍÍIm iK'-'-r/f-iwo J>T'*W- 
p 

K\*:c t n : (u> 11ic/.»i*diagramiiKkctchcd ¡n Figure 19.60. 

(b) The final lemperaturc i* thc tan*: * thc initial lemperaturc. and thc dcnstilv i* proporuonal t« thc abtotutc 
prc»urc. Thc man needed lo lili ihc cylindcr » then 

„,. í , í ri-¡|.23kgta'HS75.IO* m')!^!^, 1.02-10 'kfr 

Withoul Ibc lurhoehargcr cir ¡nlcrcoolcr thc man ofair al r-l5.0°Cand /í-I.0|w|0* l*a macylinutaii 
m—pjf ■ 7.07x10"* kg. Tbc irwrci^c in poner i* pruportiiMial ii>the incrcasc in nwu of air in ib: cylinder; thc 



IM - |0 ^-U0.44,4 W 
7.07*10* ks 



(c| Thc tcmpcralurc atlcr thc adiabatic praccm i% n = r| — I . Thc ckn*iry becoinc* 
A f AjT^l - ^r^J"" Y^l- Z-bf ^T"- Thcn^ofairmthccyHnderh 



^nJJkfrm^SKlO-m 1 )! 1 ' 45 ^ 10 ^'! = 9J6*10^k|L 

■ i oí ■* io pi / 



Thc pcrccnugc increpe in powr i* 9 I6kIP k S- 1 ■ o.JO ■ 30%. 

7.07*10 kg 

EVALUaTE: Thc turlwharuer jjh) intcrcoulcr cach have an appiveiaNe cllcet on Ihc engine rowct 




I9AG 

19.61. iDf-vnrv: In caen cate cakulatccithcr Afj or O loj ihf tfiecifie i}pc of preces» and ihct* apply (he ritM Iwv 
(i)SrrUr¡ boihermal (AT-0) Af/ = Jf* =*300 J 

For any pcoce« oíao ideal gju, Ai/ = nC, AJ\ 

Exr.CUYE: Thercforc. Ibr an ideal ga* t if A7"- 0 Iben AC/-0 and p-H' ->300 J. 

Ib) Si j 1 1- adiabalic ■ o \\\ 

AU'Q-W; »*-*W0J 

ExutirTE: Q - 0 say* AL' = -»* = -300 J 
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(O Si j l J': bobaric iV-0 

l •.. i i ■ calcúlate AT and ihcn calcubtc g 
lAhin: r-^T-jdtAT; jir = FT ntf 

Q-nC AT aod Ibr a monatorme ideal ga% ( -^/í 

Thu* Q - m\MAT - (5** 2K«'*/0 - SBW - *750 J. 

A6*siK' for any iánl ga* proce*sand C ( »C — ff- yft 

Thui Ai/ -3»* 2^.4501 

EVALUATE: ÍOO J of cncrgy Icavc* the gai when ¡t períbrm* expannon worfc. In Ihc ütothcrmal procera th« 
cncrgy i\ rcplatcd by heat flow into thc ga* and thc interna! cncrgy rcmain* Ihc **imc> In ihc adiahaiic procera inc 
cncf gy UAcd in ctotng ihc wwk dccrca^cs thc micmal enc-rey. tn thc iiobaric procera 750 J of hcat r ncrgy cntcn thc 
gai, 300 J leuves a» ihe work done and 450 J rcmain* in thc ga* a» incrcaicd interna) cncrgy* 
19.62, iDEVflFY: pVmnRT. Fot Ihc ¡sobarte procesv W ■ pAP = nRAT. For thc uothcmtal procera, 

SETUP: A = HJI5I'mot'K 

ExeCUTE: (*) Thc p P diagram far thcic procede* ¡* tketched in Figure 19.62. 

iWFind r + Forproceu J -*2, ií. and p are conuant «> — - — - comtani — — tu: 



)Thc ma\ 



(c|Tlwmaximuniprc5«ifci»fDf tute J For procera 2 -* \ *. ff, and rareconiunl ft*í-J^ and 

|140*ltf PaH2,-4H0*l0* Pft, 
(d) procera IT ■ pAP - nR&T - molX» 315 Jn^I K« : I0 K -355 K) -738 K 

pnce» 2-*3l ir -ntfrinjiij- (0.250 molH8JI5 J.nx»l KK710 Kiln^iJ- -1023 
procera 3-*L AP=0«drP*a 

The total work done rt 73R J>(-1023 Jj ¿-285 J. Th¡* b ihc work diw b> ihc ga*< Thc hoiL <lw onlbcga*i* 
285 J 

EVALUATE: Thc final prcraurc and totume are ihe tamc a* thc iiulial prcxmrc and >olumc\ «o ihe final «late ¡* 
thetameai thc UÉ) *ialc. For thc cyele. Af/ -0 and p- II' --285 J. Duríng thc cycle. 2H5Jof heat cncrgy 

Icave ihe ga*. 

F 




F¡*ure I9A2 

19.63. lot.MiH and S*;fLp: Use Ihe ¡*tal gas law t thc ftrsi law and expreraiona for Q and M r for *pcci5c Ivpc* of 



Kxfc i'FEi (ti) inilial expamion (Male 1 -> Male 2) 
p.-240«IO* 7¡=35SIC /> ; = X40^Í0 4 Pa. K ? »2>; 

/jr-ít^r; 7/r=p/nií^con*tant t «i T.tV^T^V^ «id ^Tlirj/rj-SSSKRr,/!;)»?!© 
^V-Dio Jí' - pM'-nRAT -(0.250 mot)(S J145 J.^nol KK7IOK-355 k. 738 J 
y «í\.\r -«1.250 iKtlK29.17f mol'K)(7L0K-355K>-->2590 J 
A6' »0-H'- 2590 J-73B J- 1850 J 
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(b) AlirttrwgirmÍngofihcn^^ T-7I0IL The gas rclum* lo iu 
original volunte and prcraurc. *o al*o lo lU original tcrnjicralurcof 355K. 

A*' = 0 » W =0 

0- rtC^r = (0-250 moln20 + &5 Jmoi KMJ55K- 710 K> = -1850 J 
Aü^p-rT^-ISSOJ. 

(c) For uny ideal gm procese SU = n(\ &T. For an t*ot herma I procer* AF ■ 0, í*o Ai ' ■ 0 
EvaLiiaFE: Toe threc proccxscs teluro the ga* lo ILs imtiul ¿tale. so At/.^ - 0; our residí* aeree wilh thut. 

19.64. loEVTOY: pV mnXT. For *i adiatatic procera of*n klcal gai. ?¡F¡ H a r// 
ScrUr: ForN,. f-M* 

F iiií (a) The p r»diagram i* aketched ¡n Figure 19.64, 

(b) Al con*iunt prctvurc* haJving ihe volunte halvct the Kckw temperatura and ihc lempemturc al ihe hegínnint; 
of ihe adiabatic expansión u 150 K The vokimc doublc* during the adiabalic expansión* and ftum Fq, 1 19 22), Ihe 

tempeiaiureaithecndofih. (150 KH\/2f m - 1 14 K 

(r) The mínimum nteraure oceut* al the end of the adiabaitc expanvion lítale 3). During the final hcaiing ihc 
volunte n bcld coralam. *o the mínimum nreraure u pmporlional lo the Kelvin lempemturc, 

=(1.80*10* PaMll4K/300K) = 6.82xl0* fe 

EVAUíaTE: In the adiabaitc cxpmuon the lempemturc tkercasot. 

P 




1 V 

Pifan IM4 

19.65. IDEVHFY: Use Ibe appropriaie exprcraion* for ir and Ai,' Ibr cach type of procera. AL* = p - W can abobe 
u*d. 

SETUP: For N,. C r = 20.76 J/rtwi*K and C e ■ 29.07 Jtaol ■ K. 

EXECim IU) fC - pAÍ" -n«A7' -(ÍI.I50TO1HS 5145 J/mol K< -150 KJ--187 J, 

C> = «C f Ar = (0.l50rt>o4)(29 t 07mohKM-l50K) = -654 J, At/ = g - » *^ -467 J 
(b) From Eq. (19.24). uiing Ib: exprcramn for the temperature round in Probkm 19 64, 
H^_L(0.l50it»lMRJl45 Jmol KMI50 KUl-ll^" 1 ) » 113 J. 0 = 0 for an adiabatic procera, and 
A6" = = -IL3J. 

{*} &V - 0. to ir -0- Usina ihe icmpcraturc changeos found in Problcm 19.64 and part (b), 

Q = nC t ÜT = (0.150 itwlH20.76 J/raol K*300 K -113.7 Kj = 5H0 Jand AL f = = 5K0 J 

EVALUOTE: ForeachproceuwecouldaUou« AL* - nC t AT lo calcúlate ArV. 

19.66. IDECT1FY: U*c Ihe approprtatc exprcraion Ibr W Ibr cach t>pc of procera. 
SefL'p: For a monalomic ideal gai, ^*53and T t =3P/2. 

ExtrirfE; (&> H'^nRT ln(K/r^)=rtJírin<J) = 3.29*lO k J. 

ib} P-0 »* = -AÜ«-íri: r Ar. W*»!^ 1 !*** fj^WJí^ 4 * Thcn 

<c> r a * 3r ( . m »' = pAr = 2pr t = 2«jít; = 6.00- 1o 1 j. 

(d) Fach procera U %hown in Figure 19.66. The meal woik done u in the iiobuhe proecst. a> Ihe prcuurc fa 
mainumcd al ib* original vakic. The kau wock is done in the ¿dubaiic ncoeest. 

(r) The iHibaric privo» mvolvei the most worfc and the Lucent lempemturc üicrcatc. and %o rcquiie^ the mosl heal 
Adiahaiic psoecne* ui>ol>*e no heal irorvcfcr, and mi the magnitude t* jeto. 

<f) The iiubaric procera doublex Ibe Kctvin ten^craturc. and ío han the large^i chañar in inienul cncrgy. The 
ÍKilbermal procedí ncceuarily inrolvc* no cbange in interna! encrgy. 
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EVAUMIT: The «arle done b thc atea under thc paib for i 
ihc wock done i* grcalcrt m thc uobaric procer and lca*l a 



Figure I9 + G6 *hou% 




(c) 



Fijare 

19.67. IdevTOY: A«unxMhcct»mpftfHÍonu4dMtttüc Apply T^; * -T^ * imá pVmnRT. 

SliVtz Por N,. y«Mt i;-300U p-LÜ0atm-ÍJ>l3*10* Pn. r = 273.ISIL K,*^/2 = LS0L 

EuXirrE: (■> r 4 *l¡(iij & (273.15 K)|JL.| = (273.15 =3604 K a«7J*C. ^íl- 



.2 '27JJÍK 



- 161 rio 



Ib> r 



— = — - conttani jitil - 

r r r. r. 



rJ { 360.4 K i 



EvauiaFe: Jn an adiatatic comprensión thc temperature incrcascw* 
L9.6&. Id*-n iin: At cquilibrium thc ncl upward forcé of thc gas on thc piiton cqual* ihc wcight of thc pi-Hon When Ihc 
pistón rno\ es upward thc gtf expandí, thc prciMirc of ihc ea* dton* and there » a ncl downward forcé on thc 
pblon. l ; or himple harmonic rnotion thc ocl foro? ha» ihc form /■" — ~íy. Ibr a diiplaccmcnt y from cquilibrium* 

SKIUp: p\'-nRT. fbconitant* 

<■) Thc difference bctwccn ihc prc«urc. ir. «Je and ouisidc thc cylinócr, multipbcd by thc arca of Ihc pittoa musí 
be thc wciuhl of thc pütoo Thc 



I lo Whcn ihc pititín i* a d(ttance « - v above thc cvlindcr. thc pretsure ín thc trapped juin i* ¡ p. 



ind Ibr valúe* of y *mall compared lo A. 



- It- 



-* ] - T . Thc nct forcé, luking thc pomIjvc dircelion in 



be upward, u thc then 



Thú form ihow* thai Ibr poiiiivc A, ihc nct forec i* do* n; ihc trapped ga* i* al a lowcr ptrourc than ihc 
cquiltbríum prcMiue* and u> ihc ncl forec tcnd% lo rectore thc pUion to cquilibriunv 

t ( A"** + ffí oxr*\ 

*i — =i| l+— — ¡ 



Lt 2t9* 
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19.69 



ITihc düpiaccmcni* are nol xtiull. ibc mol km a nol simple harmonic. Thi* can be icen be 
happcn* ir y--h: thc ga« « compretsed to a very «nuil volume. and thc forcé due lo Ibc pccwu« of thc gas 

would becorne unboundcdly latfic for a flnitc diiplaccmcnt* whicb i« nol ch&rdctcri&iic of «imple harmooic tnoiion. 
If y » h rtMJlom «o largc ihat the pistón leavc* the cylinikr> Ibc forcé duc lo thc presuire oí (he ga* becoene* 

«nal), and ibc rcitoring Ibrce duc lo Ihc altnospbcrc and &k wcight noukl tend (oward a consiant. and (hit i* not 
:hara¿icri*l>c of «imple harmonic moiton. 



KVAI4-AFK; Thc anumption ofumill oiciHation* wa* made wb^i 

aecurate onty when v'Ansiroll 
Id&vhfy: W - prfK. 

Si:f te: Kor an ñtothcrmal proco* otan ideal gav M - «/í 7' luí I '_. +'i ", | 
l*\i:c i rt : (n) Sokinií lorias a funciico - i \ 'and Tand intcciatinp. 

itiír m*' .... f». „, ___ ["fj-flíM I i 1 1 

p ■ — - ;wid W - | fl^TIn] — L+on — - — L 

V-mb v 1 * r * V t V % ] 

Whcr* d-A-O, » -Jiirnn(K/r t ) t a*e*pccied 

II») (n Using (he cxprcs«Íon Ibund in parí 
H'=(LB0 nwl|{ft-M45 Xtnol K)(300K) 

(4 00x10 "* ni 1- (I K0 nu^l|i 6 3S*I0 * m'Vmol) 

(2.00x10 1 m')-(IROmol)(6-3S*IO f mVirwl) 



rcplaccdby 1-r A: thu u 



■ I. 



+ Í0.S54 J mVcnolMíLHOmoll" 

K n 9 4.00x10 'm' 2.00x10 'm 

H'-LítOxIO 1 J. 

(c) Thc work for the ideal gas U largcr by about 300 J For thi* case* thc difference duc (o norucro j i* more iban 

■crce of a ootvcro n indícate* thai ilv nvlccukh are aurjeted tu cach «ihcr and ra 



ih¿i duc lo uuituau p + The ] 
not do a* much work ¡n Ibc 

Evau m.: Thc diflerence tn thc tworeiulU for Wis about I0V whtehean be conMckrcd lo be imporiant. 
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w 

¡4.1, iDEVtlFY: F«a hcMcngmc, H - toj-ki l c- — . 'J.. f > B - " 

Sn UP: JF = 2200 J. |B | ■ 4300 J. 
txíXt'FK; (n> O,, "IT +|0c|" ©500 J. 
2200 J 



EVAUUTE: Sotcc Ihc engira opcrjtci on Boycb, (he ncl pequal ihe ncl lf Dui toeakubte thc cflfctcncy wc 
«ic the hcai eneruy ¡nput, Q u . 

W 

& 

Mili' |? M |-WI0J. |íí | - J 

Kxinu: (»> íl' ■ 9000 J - 6400 J ■ 2600 J. 
«b )ea Jl,£^ 0.29,29*. 

Evam aFE: Stntrc ihc ettguv otvrjic* on icycIc ib: ncl cqual ihc ncl H\ Dui tocokutitc thc efficicney wc 



use (he heal eneruy ¡nput, p fcr 

2QJ. lotvnrv 4JKl S# f Lp: Tb: prublem <tal* wiih4 hcai en^nc PF-+3700 W and fl, -tlóJOOJ U« 

I ql^OJiuicjkiibic ibc crtlcicncy * ind fr|4202) toeakubte |£¡|> Power - H'//. 

wiwkoulput H' 37O0J A „ „ 

Exm n : (n> e - — = = 0.23 - 23%. 

heni cikí «y mpui Q n 1 6* 1 00 J 

llcAldurcudcd ú |y t l-lyj-» -I6J00J-3700 J- 12.400 J 

(c) (? É( íx mpplied by buming fud; P M ■ m¿ wbete ¿ b Ihc hedí of combuslioo. 

i, 4.60kI0 # Jr S 
<d> « '^3700J perejík 

In í - l.ixi i ib:eng¡nc£oc*lhrough60-0cyclcv 
P* Wft - 60.0(3700 JV100 $ - 222 kW 

^■(222*10* WXI hp746Wj-298 hp 

EvxuuTE: 0 - -12,400 J Inonccycle £k -g tfl, -3700 J h ThUequaU JT p foronecycle. 

20.4. IDBCT1PR W ^|eJ-|S? ( | a>o. a<o. 

Sn UP: Fot LOO s. »' -1R0* 10* J. 

l^orrE: „ tgM= j!:, l '' 0 - l0 ' J = 6.43. l 0-J. 
e 0.280 

0») |o t | — — -6.43*10* J -1.80*10* J -4.63*10* J. 

EVALUATE: Oí (he 6.43*10* Jofheot cncrgy suftriied to the enginc cach «ccond 4 LH0* 10* J i* converted lo 
meclunicjl tvork and thc icmaintng 4>63xlO* J ¡* ducarded mío ihc low lenwcraiurc raervoír. 



10-1 



Chupín- £t 



20,5* iD&vriFY: "¿ ' - IftJ - |fl | *- — • fi < 0- Dividing hy r ui\ cicquu alcni cquation» Ibi Ihc mlcnf 

hcai llovrc and powcroutpul. 

SETUF: JF7r-330M\V, |0 M |í - 1300 MW. 

r Wít 330 MW -M 

a a/i 1300 MW 

<>>) ^ l-lP-h 1 * ^ |P t |- f í*|ff H |'í-»Vl»lJOOMW-330MW - 970 MW. 

EVaj i aff.: The cinta! wro fot e and M'havc thc hatix form whcn wnlicn ¿n icrmi of powcr output and raicof 



hcai llow. 

20.6. IdevtiFY: Appty c= c- I - 

Ser Up: tn pan <b) t O = 10.000 J. Thc bcat diwardcd ñ \j t | 
EJOCim: (■) c=l-_i__=0JW=5M%. 

EvaIaíaTE: ThcttXkrkoutpuioflbccngiiMU Ir* - |0 H |- |g| = ia000 J -4060 J = 5940 J 
10.7- IdevTifY: c = 1 - 

r 

ser ur- f « 1 40 and « = o t 65a 

1-Anui; J_sl-* = 0.350. r u " = — — and r = 13.& 
^ 0350 

ti \ Alt Ait: C ltK< taies when 



I0.S- iDEvnrv: *-]-r' ' 

Si: r Up: r i* ihc comprensión ratio. 

I \n i m : (■) c = l - (8 + 8> - 0 .581, which round* id 58%. 
<b) c-l- (96) J " - 0 595 «i uicrcuc of 1.4%. 
EVaji 1 atu: An motease in a goe* an mercase m c 
¡0.9. locvtWYMdSlTUF: For thc refrigéralo? AT = 2.10 and ft =+3.4*10* I. Use Eo,.(20.9) lo cakula* 

ibcnEq*(20.2)tocilculale p M+ 

(a) £\« ni:: Performance coefficicnt K ■ 0 .' |t r | 
|lfUtt>*K = 3.40*10* I2J0=L62*L0* J 



Ib) Si.t Up: Thc operación of ihcdcvkc h illuMiaicd in Figure 20,9 




F.wni: 
*-fc+tt 



^í-IMkIO* J-3.40* 10* J =-5,02*10* J 
incvalnc tvejute he al tfoc* out oflhe ivncmi 



EVALUATE 1^. | | 1 ' | I T&chcat |{í„| dcliwrvd lo thc httfh temperature reservoir ¡& greater 
thc knv teiti 



20.10. IDEVTOY: tf = |^and 

Skf UP: Toe heal removed from Ihc rocín ¡* |tt | and thc hcaldclivcred lo ibe hol outtidc i% \ f J..\ 
[¡ | is5m l*HÓ0 + 0*) = 5,10*10* J. 

1-Anui; ( tt > |f> | a|(í _ I - é 2 0 n 5 LO ' I*V J>= 1.48*10* J 
(b) ^l-Ig l'^'l-l ^xlD* 1*5.10x10* J = 1.99* 10* J. 
EVALUATE: (el lal-fel+in « |ffJ>|R I 
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20*11. iDt.Min md S*;f L'p: Apniy £q.<20.2) lo Ibtcycfc and calcúlale |>r| and then /' |fí | i Sccb0o2O.4 dwu 
(hai EER-|3.413(A'. 

4 "h 



»f thcocvke ra iltuxtratcd in Figure 20.1 

^0 




&ÜX1G - J 



Eucm;: 
0 -49 JO» IV 1 J 
p M S -144*I0* J 

C? c >0 

H'-fi- *e H -^B0xl0* J- 1.44*10* J*- 
PmWti* -4.60 k 1 0* J6U0 1 ^ -767 W 

A'-|fl|'|*'|-9.S0xl0* A'4.tiO*IO* J-2.13 
EER ^(3.413X2.131^7.27 
EyauiaTE: H r negative mean* powcr 

20.12. lotXTIFY: |p t A'^J^J 

S» OR Forwaier. c, -4190 JlgK and j i > ID 1 Jkg. Fe* ice. -2010/fcgK 

0 = (1.8ÜkgH[2OlOJig K|[-S.0C*J-334*10* Xkg+[4I90 Jkg KH-250 C*|> ^ ~* 10* J 
Q m -808 * 1 0* J. Q \% negative lor the waicr «ínce heal i* removed rrom il. 

<b>|^H.ü8*io*J. w--Mj™*rti*w*xtíy 
m -ROSTIO 1 J 1-3 J7*I0* J -U4*I0* J. 

EVAUUTE: Fot ihi* dcvicc É O. 0 and fí. < 0. More heal i* rcjcclcd lo the room than n removed (rom thc 



noi piixIuceiL hy ihc dcvicc< 



W.I3. IdevTOY: Use Eqí2Ü.2Mi> calote pr| Since it i* aCanwl deviee iwcan u*e Eq.(2Ü.I3) lo 

llmv* out of (he rencrvoirv The rc^ervuir temperaiure% can be uxcd in (20, 14) lo calcúlale c> 
(a)S(TLTr: The opcralkm of ihc dcvKc i* tketched ín licurv 20.13. 











/ 

1 


c 



1T = -335J + 5S0.U2Í5J 



Figure 20.13 

(h)ForaCamolcycle, MI- 2L (Eq.20.13) 

|(?ié| Usoj J 

(c> rtCamoll - 1 - J^/Ji a l - 378 IC 620 K - 0,390 - 39.0% 
EvaUiaTE: We could u« (he undcrlying cfcfínilMm of e <Eq.20>4) 
tmWftL *#215JVH50J)-39%. *t>ich checla. 



í*4 Ch*ptrr2t 



20.14. iDtvnrv: h1«|a,Ma|- * = TT Fot i Cdmo* cyck. ^ 
StirUp: í; 7¡,-520IC |ft| = 6.45xlO' J. 

ExxtuTE: (■> £ ■^J-p-J^MSxIO 1 J)J|2£JlJ = -3.72x10* J. 

i 1 » |» |- 13,1- 131-6.45x10* J -3.72x10* J^rTlxIO 1 J 

huí ui; We ¿an vcriíy llui ^-l-7¡ «T H also gira 

20.15. IDEVTIIY: í*-^— f **- uw cnirinc. For Ihc Carnol cvcle. - — — . 
ttllte 7; -20O t C*273.l5K-293.l5K 

EXECITTE: (é> & -g. J .4.M»ltf J 

<b) H'-p.tg. «o 0 -2.5x10' J-4.24x|0 4 J--l 74x|0 4 J. 

EVALUATE: Focaheaicnginc. H'>0, £ M >0and ft <0\ 

20.16. lotMiM 4ml S#;r L p: Tbe dcvicc ta a Camol rcfrigcrator. 
Wc can uw Fip.í20.2> «id (20. 1 JV 

(a) The oficraiion <rf thc aevice i* sketched m Figure 20. 16. 

<?n <0 

»<<o r H =24.crc-297 K 

r =O.CTC = 273K 



Fiíttrc 20.16 

Thc amount uThcal lakco ixii of itic water lo makc thc IM|uid -> *olid phasc chance is 

■ * - « ■ l. _ > - - ■ i > ." - i : i J. I ■ . .i i h ■ ;n : i . nusl gointuthe wurlinu sutniancc of 

thc rerrigerator. so g - *2.S4xl0 1 J. For Carnet eyek \tj | |fj..| I 7 
EXECirm: f?„|'|ft|(r M ;T ( ) = 2.Mxl0 1 J(297Ki*273 K>-3.Q9xlO r J 
<M H '-0 »fl,-»2.84xl0' J-3.09xHf J = -2Jx|r/ j 

EVAUMTE: tr¡« negative because thi-% mueh energy musí be iuppticd lo thc rcfrigcrator rather than obiaincd 
from it Nolc tlut m Fq.(2Q.13l wc mutf use Kdvm tcmpcralurc*. 

20.17. IdevtoY: & H M»1+|(>|» ft>0- For a Carnol cycle. ^--^ 

SkfHp: í;^2T0K, 7¡ ( -320IC |Q|-4I5J, 

ExttirTE; (i) ft - -feje " "(|^f) <d,S J » a -* n 3 

flf) For onceóle, pfl -|fl ( |-|e 1-492 J- 415 J = 77 J. P= " 65hf 7 J> - 212 W. 
111111 60 s 

W pF| 77 J 

EvaUiaTE: Thc amounl of bcat cncrgy |y„| ochvcrcd to ihc high icmpcraturc reservo» is greater iban thc 
ommim of heal cncfgv 1(7, 1 removed frorn thc ki» tempera lurc reserroír. 
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20.18. iDEVtlFV: |t| \i | \j I For a Camol cycle. — =— whctc ihc tcmpcralurci musí be in kelvin*. 

Krlfe -lOXlT - 263 15 K, 25.0*0 - 298.15 k. 0.0*C - 273.15 K and -25.0*C = 24S.l5 JL 
ExfXlte; (a) The heal iidbcardcd al a higher tcmpcraturCt And a rcfngcnitor w requved* |flj|-|£t | l \ . ^ 1 

*d l»'l'lñlí(7" M /T f )-l> = (5.00-lO k J>«29S.l5K/263 I5K)-1) = 665J, 
<MAgwi. thc dcvKtfwarefnscraioí.andlH'l-iS.OO-lO 1 JKÍ273.15 KV26J.15 K) -1j^I90J. 
(c) Tltc deviee ¡s an envine: (H: heal i* lakcn ftum thc hnt reicrvoir.. ¿md Ihc ivurk done by thc cnginc w 
II (5.H)*1() JhI í 24S.I5 k/;M I5K)>-2R5 j 

fc\ Ai i aff.: For a re Ingénito! wmk muit be supplicd (o Ibe dcvicc< Fot a heal cnginc ibcrc U mcvhanttal work 
outpul from thc devicc. 

20.19. lofc\nt\: Thc ihcotciical máximum performance tticflkirnt i* K f ITr - * A ~J ^ |¡* Ihc hcat 

removed Irom ihc water lo comcrl il lo ¡ce. For Ihc v* aicr* J7| ■ nw fc j\7" * itt¿, , 

StíVfz T t --5.0*C-26&K. J" M = 20.0*C - 293 K. e. -4190 J.kg Kand ¿, -334*10* J.kg. 
Exkc'ITR (u> In onc ycar ihc ftecTer opérales (5hdiyk43á5day*)-]R25h. 
Pi 730kVVh ¿MOOkWiJ(|ow 
1825 h 

0» A' -10.7 

<c) |IT|-/ , l-<400WH3óaO*)- 1.44x10* J, |fl |- AT|IT|- 1-54* I0 : J, |0| -flir.Ar* mL t give* 

i.AÍ 'ti (4190 J."kg KH20.0K>*334xlO* J.fcg 
l'winn: For any Actual de\ ice, K < K <M . \Q t | " le« iban calcuJaied and ihc freczer makc% Ira ice in 

onc hour Ihan thc ma» calculaicd in pan (cy 

20.20. IdevtifY: Thc lolal i*ork thal mu*t be done b -jqgdy. |'*'|-|y*|-|y | í'n °- " >° and 0 <0 1 1,7 J 



Lip: r r = 373 K. 7" H -773K |ft|-250J. 
I vitt'Tt: g -^^j-H250J^2Zlí.j--l21 J. 250 J-121 J = 129 J. Th¡* is tfie worfc 

onccycle. W m - (500 kcK9.»0 m s ; «100 m)^ 4.90- J. The number of eyele» requited i* 

^.«0xltfl MjB0x|0l 
p*| 129 fcyvle 

EVALUATE: In — - 4 Ibelemperaturc^muit be inkclvim. 

20.21. loíA'nr^: e-—-\-2*-. For a Camol c\ ele. Q-^-L- and fal-í-. 
SETUP: r^-ROOlC Q t --3000 J. 

ExiXirTE: Forahcaicnginc. fl ( ^ -fl (I -*) - -{-3000 J>^l-0A0OJ - 7500 J. and ihcn 
r = *ft - (0 600H7500 J) - 4500 J. 

EvauiaTE: Thb doei not make uic of ihc given valúe oí" ;;, tf T u ti uicd 

ineor ( ^r M (l-^^(HOOK)(l-0.600) = J20K aod& ^-e^/^.whicbgrveiibeianicrefljlt. 

20.22. lotviiM: lí' -Q For a Camol cycle. — - . For ihc ice lo Ik|uk1 tvaicr plu.se immition. Q-ml^ 
Sn LP: Forwaicn 1 -334x10* J.lg 



20* Ch*ptrr2í 



I\KII|¡ fe - -mL - H{Ji>4ü1ILl<IÍH4«]0' Jkg)- -l .336* 10* t — = giv«l 

a=-(r H /T f )fl =-l-IJ36-ID 4 J)[(37JJ5K|/(27JJSK)]^<-K82S-ID 4 J, IT*fi ¿4 K9xlO l J, 

EvaUaTE: Fot a hcai cnginc. 0 ¡a nc^nv; ;md y. is poiiuve. The heal thai come* out uf the enginc 
(0 < 0) goe* inio Éü ice ( Q > 0 V 

W T W 

20.23. lot-srin: The power output U — . The theoretieal rojAirnurn clfeicncy i* - I -— . <• ■ — . 

SrrUr: Q,-l50xlO*J. í -350 K. T m -650 IC lhp-746W. 

tvici rt: t- 1- 350 K -Q.46I5. ir-tg .-(0.4615)0.50x10* J) = ó.923xl0* J; rh¡4¡*lhc 

7!. 650 K 



»ixt uuipul tu ooc eyele P — — - l£í2üílÍ2Í!li2Líi= 2.77 «10* W — 37.1 hp. 

f 60.0 1 

EVAUUTE: WecouldiUoiwe Sl~ -í- lo calcúlale g - -f ILlg ' --[ 350 K |(L50xlO* J)s-H.0«x10* J< 

ft T M \T H ) \ 650 K } 



Then W * G ♦fl, ¿6.92x10* I, ibe «une ai prcvxMt*lv calculated. 

20.24. lotvnn 4jhI Sn Un e í-M - 1 -iL. = — £ — . 

Kuciu: (i) r c >r H (i-ci K = — Dáll£Í_=Ll£. 

í"„-r H <l-r> * 

EVALUATE: (b)Whcne->1, 0, Whcn c 0, K -* :o. 

e->l when |Q-|«|C H |* |ft|ii.tn»llmih¡i^ |p 4 1 i* wa*led. Bumi ¡ibad 

for a refrigeran» lince \)\ i* whai iiu*erul> * ->0 wben |t?i | -*|<?«| ^ ("'I ■* verysrtuli. Tfcal i* bad foran 
entine but ¡tood for a reftiircralor. 

20.25. Jix s mi: \,S - — for cach objccL. wbere fimut be irt kclvini. The temperamre of each objcel remani:i conslanL 



r 

SETUF: F«r water, 1, -3.34*10* J.'kg. 

EXEtirrE: (a) Thehcai flow ínlo Ibe ice n Q-mt^ -(0.350 kt?> VU- 10* i k^i - 1 .17 * 10 J. Tbehcal flow 
oceur**l T-273K. -■■ \\ !¿ 1 1 i k O i% posítive and AS ¡«pottlhc. 

M 0a-l.l7xlO* J flowiMtloftbeheaiKmrccAi T-29RK. J --3931K. pi* 

nceative and AS i* ncgjcivc. 

<e) AS M - 429 J X <■ (-393 J.'Kft - ^36 JK. 

EVAlAUm F« ihe lotal iwbted lyiiem. A5 > 0 and the procer t% «re^vnible 
¡0.26. [Dt.Mii^: Appty Q tm -Otocjdcubic the final icmperaltirc. Q-mt&T. Exampte 20.6 xbowx ibat 

AS - xuc la( H > 7! ) when anobjcci undergue» a temperaturc change. 

SttVvi Porwatcf í-4l90J.kg K. Doding water tus r-100Ü*C-373 K. 

tu<i n: (u) The hcal tran^fer heiwcen 100°C ualer mú 30'C water occutk cn*cr a tlnite lertipenturc 
dilTcreiKC and the pnxrcw ii irrevembte. 

<b) (270kg)c<7" i -J0.0 8 Oí(5.00Itg>f(r ; -100*C>=0. r a =3U7 *C-3W.42 k 
<rt AS i <270kgK4190J,kg Kllnt 



V303.15K; V373.15K 
AS - 4730 Ji'K ^(-4265 XX) ■ ^470 J X. 
EvaIAiaTE: A5_^ 4 >0. ai ¡t iboitld for an ¡mrver&iblc proce». 

¡0.27. loEvtifrY: Both the ice and Ibe moro ate al a con&iant tcmperjturc. «> \S For ibe mching phaic tranMikro 4 

Q-ml^, Conienation of cnergy requirexlhal the quanniyof heat thal gon ínlo Ihc ice ¡i ihe aroouni of beat Ibal 
cotiit* oui of the roiim. 
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Si.r L e: Por ice, L - « JO J Whcn hcal Ikm* into an object. £> > 0. and whcn hcal llow* out of an 
objccU (ívO. 

Í*u:c l rf e: (a) Irreversible hccauic hcal wil) not *poniancoi&ly flow out of 15 kgof water iolo a w ¿no room lo 

— K. r M 27JK 29JK 

EVALUATE: Tn« revult is coniúlcnl with thc awwí ¡n ía) becauso Ai > Olor irrcveraMc procciicít- 
241.28. IDCOT1FY: Q-uu&Tftxihcnatct. Lxaniplc 20.6 ihow* thal A.Í - wdnlJV^j whcn an objcci undercoesa 
temperalure change. AS" - Q J an nothcnual proccra. 

Lip: For water. c-4190 J.kg K. 85.0*C - 358.2 K. 20.0*0 = 293.2 IL 



í / 29^ ^ K 

EXUCITTE: (n> AV^«iflo^|-í0250kgK4l^ ■ :m1: / t^-t-jt 

walcr and ii* cntropy occrca^c*. 

(n) fí-^-U -HJ 250 kgJ(4|WJXü KH-65 + 0K>- -6.81x10* J. Thc amount ofheal ihatgoc* ¡ntoihc btb 



46Jlxl0* J. Forthcair. AS - J * »232 JflL AS^ * -210 J/K + 232 J/K = +22 JK 

EVAU ATE: AS ^ # > 0 and Ihc procera ¡s irreversible. 

20.29. IdeviifV: The procera i* al con* ara icrnptraturc. so AS ¿¡ y. \i o u 

SO L t p: For anis^hcnml procera ofan ideal gas. Ai.' - 0 and (>- H*. Fot a comnreraion. Af <0 and IF<0. 

EXF.CirTE: O-»*--lH50J. AS» ~ WW * — 6.31 |fK- 

293 K 

EVALUATE: Thc cntrooy cbange of thc gas u negaiivc. Ilcal muit be removed (rom rhc casduring Ihc 
comprcraion to keep iu Icnipcraturc comtani and therefore ihc ua* (* not an i&obtcd sysicm. 

20.30. Io*a i JtA and Si;t L'p: The ¡nilialand final itaic* are al the same Icmpcraturc. at (he normal boihng poinl of 
4.2 1 6 K. Cakulatc Ihc cntropy change for Ihc inavenible procera by conradering a rcvcrnbk ¡solhcrmal procera 
that conneets thc ame two hmck unce SS ú palb ¡ndependent and tfcpcndi onlv on thc initial and final siatc*. 
For ihc reversible isothemial procera we can une Eq.(20.18). 

Thc hcai llowfor thc hclrumis Q--mL^ oegati ve lince in condcrnaiion hcal ti™* out of ihe hcliuni. Thc hcalof 
vanori/abon /. tigivcri in Tablc 17.4 and t* L t - 20.9 * 10* Jlg. 

i A : ff*-m¿ »-<0.l30kgK2O9*l0 l Jlg)--27IT J 

AS = 0<T = -27I7 J.42l6K = -644 MC- 

EvaUiaTE: Thv gyvtetn wc con?adcrcd U ihc 1)130 kg ofhchum: AS" Íü Ihc craropy change of ihc bcliunr Tl»¡* 

not an iiolaied syslcm lince hcal mutl llow ouiof it mío «orne other material. Our repulí that AS < 0 doesn't 

viólate ibc 2nd law lince il t% nol an Uolaicd iviiem, The material that rcceivei thc beat thai llowi out of ihc 

hclrum "noukl have a poiitive cniropy change and Ihc lolal craropv' chance u<ould be ptwilivc. 

( . Q 

2031. lot-vim: lijchri>atetran«ilHm4iccur%aicoasianiK'iv.nL-r..u::^ and AS-— < Q-mL,, 

Si:r UP: Forvaporiunkmofwaicr. L 4 - 2256x10' J.lcg, 

EaciriE: W&*$^* ilM *^"¿f J ' t8> = 6.05x11? J>K. NrtcOnlMibibc^cof 



f thc water ai it change* lo iteam. 
(■>) The magnitude of the enrrop}* change is roughly llvc limes Ihc valúe Ibund in Fxample 20.5, 
EvaUTaTE: Water i* le» ordeted (more randomi Ihan ice, bul waler t% lar lera randorn tht 
comió^ration of me demity chango indicaici wby thii ihould be *o. 

¡0J2. I in v i ih \ : The pha«e tramilion dccu"! al comuni lemperaivirc and \S O - mL ThenuraofoneniDlcU 
thc molecular mati A/. 

SKrDR Un «Él, L t -2256x10' J ltg For M -28.0x10 1 kg.tnol thc boiling point ix 77.34 K and 

L, -20Jxlo' J ltg. For wlver [Ag\ V -107.9x10 1 kg mol thc botlng point ii 2466 K and 1,-2336x10' J.kg. 

Formercury(Ng>. M -2006x10 "* kgrnol. thc boilinc poinl t% 630 K and L -272xl0 k J.kg. 



2M Chaptrrí* 



r r (373,15 K) ' 

(630 K> 

íc> The raulls ¿re (he same arder or magnitudc* all around 100 X K. 

EVALUATE: The ciwropv chance i* a roeaxurc of the mércate in randomncM when a ccrlain number (one mole) 
goc* from the liquid lo thc vapor iutc> The entrepy per purtiele Ibr any subMancc ¡n a vapor Mate is cxpcctcd lo be 
roughly thc *ame* and *mec Ihe randomncu u much hí&hcr in Ihe vjpor Mate (ice Excrcisc 20.31), thc cntropy 
chance per molccufe i* rouchly the same for thc*c subitAncc*. 

20.33. lOEVtiFV: Durinc the phasc uartMtiun thc gallium u at a constan! tcmpcraiurc cqual to the mchintz point of 
gallium Your hand i* ai j conMant temperature of 9»n ; F - 37.0°C-3I0,I K- Hcat |o| «i/, ílow* oul of your 

hand and inlo ihe gallrum. for hcal flow al coiuuni tcmpcraiurc, AS - — . 

SKTUt ForgAlhunv ¿ f -K OJ-|t> H Jkgand thc rnclting pomt i* ' HT- 303.0 K. 
EJOKims |; | u i-IO 1 kgK&04^IO* J'kg)^10UI0* J. Fot your hand. 

AS ^ - ^j^*^ J m -6M J K I leat flow* oci of your hand p is negative, and ií t% negAtive. For ihe 

-callium. AS ■ ^ Tbe lem peni ture of the callium i* Icss than ihai of your hand and \(A i.% ihe *o the 
303.0 K 11 

magnitudc uf the cnlropy change oí the calllum ¡s greater than thc magmiudc of ihe cntropy chance of your hand. 

EVALUATE: fue the gallium* AS > 0 K %o AS irM1 > 0 and thc procc» i* írrcvcrsiblc. 

20.34. loEVtirV: Appty Fq.{20\23) and Ibllow the procedute used ¡n lixamplc 20. 1 1 . 

Sur V?* Aftcr the partiboo ¡x punctured eaeh molcculc ha* cqual profcahihty of bcing un caeh xide uf the box. 
Thc probability of lwo independent ocntx oeeurhng fxmultanccutly U thc product of thc prohabilitic* of cach 
repárale cvent. 

Ewxi rt; (tt>On tbe Avcragc.eaehlulf ofthebox wiUconlainbalfo 
and 50 of oxygcn. 

(b) See Lxarnple 20. 1 1 . Thc total c han ge in cntropy ix 

AS-í\\]t*2)+t\ .u:t- 1 v nv, íí ta(2) - í600)<i jsi* im ;/KHm: ^i'io^'j/K. 

<e> The prnbAbthty b (12)** n i 1 : y * ■ (12)" - 2.4 N 10 and fci not UkcK to hAppen. Thc numcncal rewh ht 
pan (el above nuy nol he obtained directly on «omc Mandord calculaiorc. For Mich ea.lcutiiorx + thc rcmlt may be 
(nund by taking the logbaic ten of 0.5 and mutiipiying by olXt. then Adding 131 and then íinding 10 lo ihepowcr 
ofthe«um.Thcre«ilt«thcn 10 *10" : = 2.4»fl0 -l . 

I\ ui ui; Thc conlcnl* of thc box comliluic* an Uolaled *\ h Mcm XS > 0 and Ine pnKeu t% inevcrtible. 

20.35. (a) lotiMirv and Sn Vw: Thc vclociiy d»tribuiiun of Lqt 1K32) dependa only on 7\ w in an ÍM)thcrmAl procer 
il does nol ehange. 

(h) i-.wt i tu: Calcúlale the change in thc number of AvailaMe microiKxipic Mates and apply l!q i Z*> 2 T > 
l'(f|ki%\ r mtr ihe rcaioning of fcxampta 20. 1 1, Ihe number of poH&ihlc poiition^ avuilable lo cach molceulc is altered 
by a factor of 3 fbccomc% largerl Henee the number of mtcnucopic Mates thc gas occupvei at v^lunv Wi* 
^■13)*»;. «Itere *V vt thc number ofrnoleeule* and i»; is the numherof poiMblc micmtcepic Mates al thc 
of thc procesa where thc volume it K Thca by Eq.(20.23) 4 

AS* (2 00 molMK3l45 Jmol K|ln<3)-+l8.3J% 

(cllotvnn andÜKr L e: For an útothcrmAl te^miblc procest SS -Q?T. 

EXECITTE: Calcúlate 11' and then uie the fírM Iaw lo calcúlate O. 

- 0 implica AV - 0* sin ce rtitem t% An ideal ca* 
ThcnbyAt ^Q~W, Q*W. 

For an i»menral proce**, W = \^ pdV {nRT>V\dV ^nRUiiV^VJ 

Th*M Q-tRTW.jr,} «id AS*Q T -«RWJVA 
AS -<2.00 molMHJl45X'nii>l'lCJIii(3i;/r;)-^ 
EVAUiAfE: ThLs a thc %Amc repulí as obtamed in part <b). 



TtK Sctond La* of 1 hcmwi!} lumict 



20.36. EoEVtlFY: E*amplc 20. Sí show* that ú< a 



Sirlr: K -Zj40L>2.40x10 



■i i 



EXECITTE: = 10,100 molMB.314 J mol Klln [ 14Q j p " — rJ" ,ft0Mt 

EVALUATE: XS tttm , > 0 and Ihc frce expansión is irreversible. 



425 m 



20.3?. Io*aiim: «^«L-X 



a- 



Si r LP: pV -nRTi ihc 300 K i**hcrm lie* bclow thc 400 K i*oihctm in ihc />J-d¡agnin. 

EXEt irr E: (n> -M - I - 400 K = 0.200 = 20.0*^ 
500 K 

f 0200 ^ |IÍM| ri 

(c) Thc 500 K and 400 K iwiihcnm and Ihc Carnol cyclc opcraling bciwecn thoic itirthemt* are *kctchcd ¡n 
Figure 2037. 

(d) Thc -MXiK lutthcrmand (hcCamtHcyckopcnt¡ngbciw^nlhc500Kand 300 K Ltothcrmi are abo dccichcd 
m Figure 20.37. 

(e) Thc cyclc wíth /; ■ 300 K onclo%ci mure ireu than ibc cyclc wilh /; - 400 K 

(f> Lera work b done un ihc ua* durirtc thc compresión al lowcr (cmncraUirc, *o kw hcal i* cjcctcd to keep thc 



EVALUATE: For?;=300K. c -fcl =0.400 **=-*flt -<a40ff« 10,000 J> = 4WI0 J 




itere M37 



20.38. iDt-vnn: IT -g Sincc il iiaCvnoi cjvk. — - -— . Thc bal required lo mdl ihc ice ii y» mi,. 

SKrDR Fot water. I, - 334*10* J.lcg. p h >ú\ ft <0. fi 7" M -527*C -80O.15 K. 

EXtct'TE: I J) 0, = *40O J. ir = +300 J. g = ir - Q u - -100 J, 

<b) Thc total Q requ«cdñ -mi, 5-(UK0kg)(334*l0' 1^1 VU Oíi'l y foronccjvlcb -1001 ™ 

-3.34 xtü* J 



ihc numivr o* cyclc* rciiuircd » 



- X.MxlO* cveks 



-100 J/cvefe 

EVALUATE: Thc remití depend only on thc máximum icmpcmturc ofihc cav nol trn thc nurnberof rnolci or Ihc 
máximum prcuurc. 

20.39. lotsnn : *y„ = L > where T t and T„ muM be in Lclvinv 

7rt 



$ET Hp: T, m -WXfC - 183 K. 



(■> r H Fot e-0«a 

M 1-e N 1-0.400 



*— * 305 K,Fure = 0.450. 7¡, ^ IM K - 333 K. 7: 



J- 0.450 
mutt be Iramri 2K K - 28 C 4 . 

|b> T t B(t-f)r w =(l-0J5O)í305K)-l6SIC T t mu*l be dccrc4>ed I5K«I$C- 

EvaIaiaTE: A Kclviti degrec i* ihc liimc üxc a* a CekiiKt degrec, *o a temperature cbange AF bai thc 

numérica! tuluc 'n hciher it n expreiscd in K or in C 4 . 



20-1» Chupín- £t 



¡0,40. iDEvnrv: Use Ibe ideal ga* bw to cateubic/7and * for cach aalc U*c Ihc lint hw and qiccífc cxprcsi*™ foc 
O* H F . and Af foe cach proras l ' w Eq.(20.4) id calcúlale r. y, ¡* Ibc nct hcat ilow into thc ga*. 
ScrUP: ; = 

q ■ JÍjí/ - 1) s 20.79 J mol K; :■■:*». mi j ttj>1 K. Thc eyek u *fceicbcd in Figure 20 40 

r* 

i; = 30ok 

> r>*492 K 
V 




Hf «rv 20.40 

EXEt iii: (a) poim 1 

p t -IMatoi -I 01J*10 4 P» Igiven}; pV -nRTi 

y »RT t _ (0.350 molHK 3145 Xm0l*KH3OOK> S62)íl0 
' a" 1.013*10' Pj 



r»oint2 

procra l -* 2 * conoam volume %o V i = r, = B 62*10 k m* 

pV +nRT and n. A\ J'coratani ¡mpties p l *T t *p ! tT l 

Pi G PkiT t fT t }*(tM atmhóOOK 300 Kl- 2 00 olm = 2,03x10' Pa 

pornt 3 

C twsidcT thc procer í » l t since ¡1 b nimplcr ihan 2 -* 3. 

Prora* 3 > I uat cimoni pmurt *o p» ' p. 1 .00 aim -1.013*10. I'. 

pv ~nRT nd n. A, p vmmtá implica yjT^v^i^ 

F,-^(r k /T;|-(H.62K]0 1 1^X492 JO300K)* 14.1*10 1 m 1 
(b) prora* l — * 2 
con*iant volunte i.M" -0» 

Q - aC,Ar - {OJ50 molX20,79 J mc4 KX6Ü0 K -300 K)- 2I&0 J 

Ai' -0 and IT-i. Tben At< - 0-» H -21R0 J 

proras 2 -> 3 

Adiabaiic mean* y -O. 

A6* - iiCj AF lany proras), *e* 

Af ■ ■ (0J50 mc4X20.79 / mol Kh492 K - 6O0 K» - -780 J 

Thcn At?mQ-+W give* ir -p- At' - *7&G J. <li b cccrcct for ft ^ be po«ili\<c unce A>* t* peakive.) 

prora* 3 -> 1 

Fot coaitani ptcwirc 

W - car -(J.OI3>10* PaM8.62x10 * m" -14,1x10' m*>--560J 

<>v H' -n/ür- 10350 mi>lMHJI45Amol KX300 K-492 K)- -560 J. whiefa check» <lt » corred f<x H'lo be 
ncgatiYCMtnce &V W HpHM for IhU peora*.) 
P-*C f Ar-<0J50 molH29.10J mc4 ♦ KX300 K-492 Kl- -1960 J 
AU *Q-W «-19Ó0 J-(-560 K)--I400J 

r>r A6 =itC ( Ar = (0J50molH20.79 J.'mol KjíJOO K -492 K)--1400 J t which 
{€} H^=#' 1 .j-»l#^ i t#;^ = 0t7H0J-S60J-*220J 
l«ff«»fl..i*a^+ft^»2l«IJ + 0-l«DJ**220J 

a .orkQMlput .£L.j^.«, m ., a|%> 
hcalcoersyinpul ft, 2180J 
rtCarnol) - 1 - T t T„ * I - 300 K 600 K - 0.500 



Thc Scc«td Law uf Thctrnod>njmir s Kl-ll 



EvaUiaTE: Foracyclc Ai/ -0. *oby AL* il mun be that - fora cyck*. We on ahochcck 
that AC/ M «Q AÍ/^-AÍ/^.+AÍ/^ + oX^, a 2180 J - 1050 J - 1 130 J -0 
i >>i^"..' ai ii muit. 

¡0,41. Id*-n nrv: pV -nRT. *o pV b comtani whcn ru comtant* Use thc appr<*priatc c^rKt«¡ontocalcii)atc(?and 
H' for cach proccu in ibe cycte. c ■ ^j— < 
Si rL p: For an ideal diatomic gas* C t and C f -±R. 

ExtctTt: (a) /^r, = 2.o*io l i p É K 4 -2.0*10' j. ¿»r - «ir «o - 

<b) Fot an iiolbermal proco*, Q « - mltTIair. .' i; ) t ¿A ¡« a ccxnpcrowa i* ilh \\ < V AJ ■■■■ ■■ 1 ■ i ■■■ 1 1 . - U 
rejeded ■' ^ ■ ..■ constam prcwure. io £U aC^AT" --¿-/aAl^ AP i* positive. *o 0 > 0 and bcat i* absorbed írf ü 

alcon*unt volurnc*u> O' ."t \J" £Ll V V : »* iil-'j:^ v \ u» y vtUndhcat urejected 
2.0.10' J /..C, 

„ pV 4J)*IO l J 



mJt <LOOXSJ14J/mol Kt 
W e^-rtArinjilJ-íLOO molHSJH J mo! KH24I ^)'"|°^ Qro t j— ' iciwirv ¿ 

-*C^r Mi OORtH* 314 J mol'K)(24I Ki- 7 (U Ki J. 
g, =«C ( Ar-(lO0KT)(8J14 JDiol KH-241 K)- -5.01x10* J. £ rf +6. -610 J. 

H^*0«"61OL 

<« >c ,.gl a 6I0J ,0.087=8.7% 
7.01*10* J 

EvaUiaTE: Wc can calcúlate JFfor cach procci» in Ihc eyek. ir - í.>, --1.39*10* X 

*p¿iV *{*A*\0* ft»H0<K>5OmV2 00*ir/ J, rl^ -0. + 1^ *610 J. wh»ch doe* cqual 

20.42. (a) iDIJfYtFY and $£T IJr: Comb¡ncE!q^(20J3>and(20.2)locbin¡natc g and obtatn an cxpresiion for Q u in 
ierro* of)K 7;, and T u . 

H'-LOOJ, 7;=26*I5K, 7" m -2W15K 
For me Iwat purap fl >0 and £ M <0 

RuiorTE: H combinuiir Úm with ÍL^-ZL eive* 0 ■ — - — L^i ^|3.2J 

<b) Eléctrica! cncrgy u cunwrtcd dircctly imo hcal. M>an clcctríca! cncrgy inpul of 13.2 J would be rcquucd* 

W 

'¿\ h \ \i \ \ii : Frwn parí <aX fl ( . ¿íccrc;i*cs a* T dccrcaic*. Thc bcat pump k les* cfiícicol as 

(he temperalure dilTcrcocc ihmugh nhkh thc bcat ha* t« be tt pumned" incrcas:*. In an cngine + bcat flowx :I,-n 
id T t and work U exlraclcd. Thc enginc is more cflWicnt Ibe lar^er ibc icrnpcraturc diiYerencc thruugh wbich ihe 
h«l lio**. 

20.43. loEYnrv: T f -T M and i.% cqual ti> thc maxiniuni temperalure^ Use ibe \óa\ gas bw lo calcúlate 7^. AppJy thc 

W 

appnjpnatc cKpretsion lo calcúlale Q for each proce» e ■ Ai - 0 for a complete eyele and for an 
iMiihcrmal pnxcH* oí an ideal gas. 

Sur Up: ForbelMim, C r -3ff . 2and C, = 5ff/2. Thc máximum ctTiciency n for a Camol cjde. and 



2*11 Chapttrít 



F^^ft^L-* T w -— 1¡ - i(600 K i ■ 200 K, 
w ' * o. IXxlO* Pa 



T, ~ T. 



I' -K 11 -(0.0)32 m 



0.0997 m' ^ V . 



- «C» «<2 mol^-.J(SJl JoioJ K )<400 K) = 9,97-10' J 

a «#r fc » JJ jsrfr »J^Í??trfK * «jm; b-t-»«¡ in3 

a -(200molHfiJI Jmol K)<A0OKHn 3-MO*IO* J Q t + & J 
^-e # -iiC^*(2.00inol)^J(8JlJ/niol K)(400 K)*I.MkIO< I 
(fe)ff-W+JV *0*JT "0- «2.10*10* J-IA6* I0 4 J- 4.4x10* A. 



[el 



10-10' 1 

■'-I-'-otÍ- 0 - 67 -*™ 



EvaUaTE: The thermal efócicney of thUcyck U abtHJt onc*ih¡rd<if ihc cflWicncy ufa Cartu* eyek ihai 
<i|x*rutcs tvuvvcn ibc «ame hvo icmpcraiurct * 

20.44. IDEVTOY: FordCdnioíci^i»:, ^---í-. pP|-|ff u |-|(2|. ft >0, 0 <0. pV^nRT. 

mi n Tbe wcrfc dsne b) ibt enginc caco eyek i* mgA\\ wiíh w - 15.0 kgand Ay- 100 ra T H -773 K + 

lluctu: (u}Thc/»rdiagram¡sikciclttdifi Figure 20.44. 

<b) JT - mgAr-<l50 kgH9.K0 nVi J H2.0O m) - 294 J. £„|-|ir|^SO0 J -2W J * 206 J. and g --206J 

-(773K)Í^ÍÜil=3iBK = 45'C 



500 J 



7¡| 773 K 

(d)|a|-2»j- 

(*) The máximum pra*urc U ftxslatcd Thk ¡i al&o whetc ihc volumc ka mínimum. so 

K-5.0DL-5.Mxli^-'. r-F.-THIL - .fgL. ^.«W» *> ,„ 7lc ,q* P„ 



tVAHAFt: Wc 



ibat k<hi gfeiM ibe 
Ski 



5.00x10 ■ ra' 
valúe íbr e ai cakulaied in pun le). 




Heurt 20.44 
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20.45. Id*-viuy: 

Q ■ meST. 



0* fli" 



tarUP: T tí -300.15 K. 7¡ ■ 279.15 K. Fcr water; ^-lOOOkgW. m> 
waicr. r-4190 J.<fcg K. 

Execlti: W^l- ^^ 7ft 

(b>¿^ 3 ^»¿lfiÍ£ 3 3JMW. ^ - & -£L -3,0 MW -210 fcW - 2.Í MW 
j * 0.070 f i f 

lf í C¿r (4i90J/kg K)<4K) w 

EvaUiaTE: The eiTurtcncy i* irnall nnce f ind r u di»fidilfcr grcatly. 

IdemwY: Use Eq.(20.4> lo calcúlate r. 

Si:f Up: Tbc eyek is «ketched in Figure 20.46. 



aí I kg ha* a volunte of I L. For 




•i ^« 
RpR MJfi 

Sur L'p: Calcúlate y and lf for caen proecn. 

pmee» I — * 2 
áKwl implica íi - 0 

Bul pY -ttRT and J'cccitfam «y* ■ ' -nRT t ¿od p t V-aRT t * 
Thui \Pi-s\W = »t*7"j-7¡); r>-«/ÍAr <irac wheo T n coiulam), 

lhígaV> 

piocei* 2 -> J 

V^Ow W ^ p¿V = pKV % -r{l = 2p¿2V 9 -VJ*2pJ'„ {Whfoi&m uno: KftNMM.) 

V ¿ » ¡oipiic* p - rtC^r - nc,< r, - 1; j 

Rui pY-nRT »d/> ccmtam «y* p*; -ni?; pK-«JrT r 

II-.-. ^i-'fD-attX-TjE , M í/ÍAJ (Iruewheo/l ¡■....TM.irv.i 

II»» fl mmC^Tm mCtipW**) - (C/ff)j*r - {CyJCpAQi; - *í> '(C^V» Í0>O; hwti. 
bega*.) 

procc» 3 — > 4 

Al o ¡mplies H" = 0 

Ar - o » 

(O < 0 io hcat i* rrjected by thc gaij 



CHOCO] 



V - 0 » »' - ^ K»í - 2»;) = -ftl". I » '* «ptiw «ice K i M i ) 

M jKlcd bv Ihc ¿UN I 



2IM4 Ch*pttr» 



jptej w«tk pcrfurmcd by ibc va* during thc cycle; 

«m ■ o + i * »U * *V«i ■ 0 + W. 1- 0 - ^K, * ft r # 

Níuj ihai ir M cquaU thc arca cnctottd by thc cycle tn thc />r-diauram. i 

itxi\ hcai absorbed by thc gai dunng ibc cyclc (fl, ): 
lleii i* atuorbed in pruccuc* ) -> 2 and 2 -*3. 

loáal hcai rL"c¿n^d by ib? L*a* durirt£ ihc cyclc í 
I leal b rcjccic d m pramca 1 * i and 4 -> L 



fl, (iíC, «JIPA» 3C.-2JÍ J|S*2)-2J( 19 

c = 0.105=105% 

EVAUUIE: Ai jchcck«iihccjkuljiÍDCi«n«clhal Q rQ - -f iSLlíLlaj; .+[ ^±Zl!L \pj' 1- «f = H'. 



u ii *houU. 

20.47. IdevHfv: Uw pf-iiRT. Appty ihc Mprcraion* Ibr(? and H'ihat spply lo cach typcof procera. t= — 

Sif Vr. Kor O.. C. - 20.R5 I'moMC and C, =29.17 Ji'mol K. 
E30KVR: (a) />. - 2.00 alnv V, - 4.00 U ÍJ = JOO K 



i[ f i- 
niese prorcuc* are ihtwn m Figure 20.47. 

<2.0a».m H 4.O0L t 

/Í7; (0.08206 L aimmul KW300 K> 
proccH l -ti H'-/*AI 1 . i 125 rrol|<RJl5fDioJ ■ KhI50Ki -4D51 
£-aC,A7"=<0.325 irolX29.l7f.ral KMI50 K>- 1422 1 

procc» 2-» Jr r«t y «c \r - id i:5™ih:ok5 j i™ t i kh -20a k> i sss 1 

proce» J-fr4¡ AL' -0 and - «Jír, In^J - (0J25 molK»3l 5 J mol KH250 K)bi jil^-t ] - -274 f 

procera 4-*l: IT-i. Q - *C É Ar - (0J25 rnolH20 + K5 f md KH50 K) - 339 f. 
fe) H'-405f-274f=l3l J 

ld> c - — = Hlí 0.0744 - 7.44% + 

p H 1422 J *3J9f 

^ ->-7-=l-^ = ^444 = 44.4%: urouchlarger 



IhcSccondLaw uf ThcrnxHlyiumiít ÍIM5 



EvautaTE: = *I422 Jí(-li55 J)í(-274 J)+339 J-IJ2 J. Thu 

.li . ■ : 'i ■! :¡ . . ■ : ■ ¡ yi ! . H'_ í > . OTtCC Al í» 



■ cqual li> H' ¿pan 




un 
líeíirc 20.47 



20,48. Id¿mi» iiKlSiirL'P: Forthc 
cakubtc 0 Calcúlate ft« and u* 

Eq •: 209); g i» Ihc nct heat Ihal 



prcxturc ptnccnci dAand <tf calcúlale H'and use thc fir*i law tu 
Jfr' M - (í L¡ fbr a tjvfc, The coefHcient of performance i« given by 

mío ibc ivitenv The eyele i* ikeiched lo Figure 20.48. 




Pifar* 2MB 



Iam i li: (tt) piiTCcvN 



5AJ-U t -U, = 1657x1o 1 J-1005* I0 k J =6 52x10* J 
W = * prfl' ■ p\V (unce w i txmiiant prctmre procc»} 

H' = (363*IÜ l Pj ." i = . ■ m- 02202 ro'l = *8 J9xl0' J Ipouirve unce pn>cc« u an expu^K») 
A6* = p-W *o p=At/*H'»6J2xlO* J + HJ9xlO' J = 7.36x10* J. 
\Q po«iivc mi beat gt>e% ¡rtfi> ihe caolant) 

(fe) procci* i * ■ 

Ab' -t^-tr^- 1171x10* J-1969* 10* J- -7.98x10* J 

íl - p.\C - (2305* Hl' P*X0-0Ü946m l -0.Ü6K2 m* ) - -1 J5x 10* J 

(nceaiivc xince Al'<0 for the procedo 
QmW+#—1Mnllf J-IJ5* 10* J *-9J3xi0* J 
(nceative xo hcal come* out of coobnl). 

(c) The coutanl cannol be crcoicd a» an ideal ga** #3 tve can'i calcúlale if Ibr ihe adiabulic procciítct* Bul ■ 0 
[fbrcyek)*o W m -Q*. 

0 = 0 for the tro adubalic procer *o g rf = +0^ =7.36x10* J-9J3xlO* J « -L97xl0* J 
Thui = -1.97x10* J {oegaliTC *ioccwork iickwooibecoolani. thc wwking iub*tanct). 

(d) K - g pr|-<.7.36-m* J>'í+L97xl0* J) = 3.74. 

^ Ainn; ir < 0 whi r n thc cvele i« takcn in ibe cuuntctvkickwbc dircctian* ai » ihe case herc. 



:■■ lí. Chapar» 



20,49, lof_s nn: Use AU -Q-W and thc apptopriatc expresstons ror O. IT and At r for caen lync of proeexs. 

pK -aRT reiaic* A7* to/i and r vahies — . wberc P M is ibc heal ihat enters thc .i durtng ibecycle. 

Si;r Up: Pora monalomic ideal gas* C? - íft andC, 

(a) i?ft: The temperalure changes by (he same factor » thc volitmc* and *o 

P-*C ( ^r«-i^(r.-rj«(2,5)(3.0Oí-lO'Pal(O-3O0 nV)-2,25xl0*J. 

1 1. ■. : ■. pAl* u thc same except foi ■!■■ factor of so U* = 0,90* 10* J. 
átf*ff-lT-l J5*I0* J, 

Ac; Thc temperalure now changex in proponían ti> thc pressiire chinde, and 
0^t<*-/vM;=O 5M-2Mx|O* PaMOíCOO m'U -140*10* J, aiid thc wx.rlc is *ro 
(A^ = 0K Ai/' - r - -2,40" 10* 1 

cu: Thc ca*¡ctf % *ay to do this is lo fínd Ihe work done fina: Wwill be (be negative of arca m thc p- V plañe 
bouncfcd by thc line rcprcicntinji thc procer ca and ihe vertical* from poini* a ande. Tbe arca of thi* tranc/oid is 

4(3.00*10* Pa»L0O*IO* PaMO.SOOm -0.500 m i - 600-10* J and so Ine v-ork w -0.60x10* J, Aü 
be 1.05x10* J [vetee Ai - 0 (oribe cycfc, anticfiating pan ihn. and so £ musí Se \f - H* - 0,45* 10* J. 
<h) Seeabove; p- ir - 0,30x10* J. At/-0> 

<t| The heal addcd. durinu procesa ab and or, \%22$*\lf J» 0.45 y 10* J -2,70x10* J and thc cffioeney is 



l" - 



OJO 


■ n 


^■0.111*11.1% 


2.V0 


■ u 





EvaUiaTE: For any cyclc. AsV ■ 0 and £ ■ ir", 
20,50, hmn Use thc ar^ropriaic expresión* for Q. If and &U Ibr caen procera, c~lr ' 0 H and ^„*í-T r ÍT m . 
StfUp: Korthuc^lc r M ^7\ond j;*I¡ 

EXJXUTE: (n)ah: Forihc isolhcrmal procesa A7" -0 and AU -0. 

rT = n*7; UH*;/r )^rf^ta(lr) ii -irfr;in<r) a«l 0=^-^1*/-) 

Af:For thc isoenone process, Al' -0 and IT»* Q~AV -nC r AT ~nC, {T¡-T t )* 

■ . ■ \ ■- .i' iK proectí un. 0 and H' - í> - ftATjfcl(r), 

c4r As in procetx he. Al' -0 and i' n \ tí- *C, (I¡— 7",), 
(fo) The valúes of Q Ibr ihc processes are ihc negalivcs of cach other, 

(c) The ncl work fecone eyele is W t ~nR{T^ - T t )\n(rU and thc heat addcd (ocirVcting thc heal exenanged duhng 
thc isochoríc expansión and compresuMMK ai mcntiottcd in pan |h)l n Q t ~nRT InífL and Ihc cffioeney ¡* 



t - !íü £ l -(7¡/r*r Thu is thc «ame a» thc crUctency of a Camol eyele engine operating bei«een ihe rno 

SLi 



EvAi i vfh: For a Camot eyele iwa sicpi in thc c)x:lc are itothcrmal and twv» are adiahatic and all thc hc4t fViw 
oceurs in Ine isothermal processes, For thc Sliríing eyete all ihe heal llow b also in Ine ¡solhcrmal Mcp& + «ince thc 
ncl heal llow in the lwo convlant volunte steps is /ero, 

l%St* iDEvn*^: The cffiomey of thc composlic enginc ia e t? - ^ J , ^nere Q )i i% ihe beat inpul *o thc lirsi enejnc 

and ir, and II V are thc work outputs of thc cao cngincv For any heal enginc. I* r - Q i * O tl * and fura Camot envine. 

wbere and 0^ are ine heal llott s al thc two reservoirs ibat nave letnneratures T„ and 

SrfUp: fl.v,-~t?«r 'U.*'** r h ^«r H . r^,»^ and * 7*- 

^^^^^^--a^iy^^uf^ 71.«pv«^.l.^Tbecmeicrcyor 
thecomposite system is ine same as that of thc original envine. 

EVALir.xTE: Thc ov erall clTieicney is independent of ihc valué of thc intermedíate lempcralure T\ 



IhcSccondLawof IhenmHtyiumict 20-1? 



10.52. lOOTTIiT: e - — . I doy -$.64x10* * For ihc riwr waicr. O-atíA?". where 



cw mío thi 



k 1000 kgrn\ When ¡ra objecl 



¡i the hcai (¿ rejccied hy the cngíne. Thr 
tcmpcraiure changc* ^-wtmT 
Srflip: IK.0<C 291.1 K. IS.3 4 C * 291.6 K. 

Enera üA 1mbmw ^mw. 

(b)Tbehcal , oeday U {2.50* 10* WHH.64x)Q* *)■ 2.16x10* J. The raraof mi uscd per day Is 
2*5x10 Jlg 

W|0-|-| H 1 + |B| r^hr^'H"! P < »fli"fl*»"0-IO l MW -1000 MW* 1,50*10' MW. 
(d)Thehcat infiut lotheriver b 150x10' J l. y - i?u A T and AT-0.SC 1 gi 
Q 1.50x10* J 



-7.16* 



Icg. K« — -716 
■ 



, Tbe livor flow rale must be 716 m * 

EL 

5.1x10* ML 



cAr <4l90J.kg*KK0.5 K) - 
<r) Inane second* 7.16x10* Icg of water goes from 291.1 Kto 291-6 

EVAUfATE: The enlropy of the rívci inoeaseshccauie heal ílowi mío ¡L The nu» of coal used per «erad * huge 
20.53. (a) IDKMIFY and So Ur: Culeualtc e frtrai |20 6> t Q Iroro Lq 420 4j and (hen W (rom Eq .(20.2 í. 

I- \m i m : e*l-líXK '^l-MIOVj-O^III 

• ■ iPm * fl ) 1 fl» and i*e ore given (>„ * 200 J; calcúlale Q 

0 1 »í>. - (0.61 1 l - 1X200 J) ■ -78 J fnegilive -anee correspondí to heal leivtng) 

Thcn W - y * f>„ - - "M * 2tt* J - 1 22 I (Poiki^ m agreecnent wiih Fig. 20.6.) 
EVALUATE: íJ . ir >í*, and g <0 for an eng ine cycle. 

<b) Idcviifi Jiiii Si: r Up: The itoke times rae bore eqiul* the change in volunte. The imtial volumc a rae final 
volunte Titme* the contpreruion racio r. Combining these twoexprctaion* give% an cquaiion for K for each 

cybnder of área A-x{d 2Y me púton mora 0864 m and rae TOlumc etanges fa»m si' lo K o» *hown in 

Figure 20. 53», 







V 




1 







i,a - pr 

rad 



rt K «re20.53u 

i An i n : ^|-4J«rT-P and {t,-I : )A = {r-\W 

„ U-liM (86.4x10 1 m)*í41.25xl0 1 ral 1 

I 4.H 



1*10 m 



r-í I0n-l 
Al pomt a the volunte u pT - 10.6(4.81 1x10 * ra') - 5.10x10 4 m\ 

|< ) J i n x i II , k ( ii Mi l r: [tx [inw\KN in th- i. . i-j art ¿ithtí Ji'Ji^Mt n]i::r.*: n; :»:i::/n;ití.- í. ,l rhi: 

thot U given lo calcúlale Ar for procese h U*< 19.22) and ;»r -nRT lo relate^ J'and Tlbr the 
proce^ei l. 1 and cd. 

tAMiii: porai ¿j: T.-JO0K. -H.50x|0' Pa. and i; -5.10x10* m 1 
ggMfc K A »p;/r-4.81xlO * m\ Proce* a-*h t% aduhaifc, %o TJT* m T/¡*< 

T t » T t r a l ■ 300 Kl 10.61* * * 771 K 

A B R(*VI*XVOs (8.50*10* P»)|'-í / Í^H771K.'300K)-2.32xir/ Pa 



noint c : Ptoce%% b a al consUni voturne, *o (' - \\ i 4.81x10* rn 1 

Q M -t*C t &T -n€ t (T -T é ). Thc pcobkm tpccifies Q %% ^200 J: u*t to calcuUie J\ Finí mlfctft K, rvakic* 
point a ti> calcúlale thc number of mata ir. 



«01 738 mol 



n.n-c-4.. 



200 J 



«C, (0X11738 moiK20,5J, l intilK> 
.' 'iff . T-coiutant so pJT t *p t íT t 

P ■jME'W* 4 Wí*Í* i PaHl332 K7771 Ki - 4 ni - 10* Pn 
pracc** <■ d El adiaban:, %a r rf K/ 1 - 
T 4 ~TJr T % = 1332 K7ia6" = 5lHIC 

EvaUtaTE: Can look al proecu as&chcck. 

-nC ( (i;-r rf >-(0fll73»mí>l)í2O5 J.'mol KK300 K -518 K) = -78 J. which 
i* ikctchcd ¡n Figure 20.53b, 

f 



561.3 K. and 7" = 71+561.3 K = 771 K + 561 K = 1332 K 



withnart (ai Thccvelc 



p t - 4* x ra? h 




1M » 



v w * m 

ügBit 20.53b 

(d) lof vnn jndSKr Up: ThcCarnot cfficteney i* given by t!ql20 14) J¡ ( i* thc highetf temperature reached 
ín thc ¿> h clc jtjJ í is thc lowc*l. 

Ext; emú Frompar1(al thccnVícncy ofthkOltocyclc u ** -0.61 1 -61 \%. 
Thc cflWicncy ofa Carnet eyele opcntmu bciwccn 1332 K and 300 K ¡* 
tiCajtaiii-l - * ^ ¿»K I»*: K ; - DT'5 - " wbkh ¡ilargtr 

EvaUiaTE: Thc 2nd la* require* thal r £ d( arot*). and our rcmlt obey* ihi* la*. 



M 



IDEVtlFY: A K } \~K } rt r \ ThcrK^tño**forihcii«iacatid™u»Jí jií 

AS=<?/r. 

SkfLip: 2I.0 p C = 294.1 K. JS.0°C=30IU K. 

EJECUTE: (a> |G|^A'|I*'|. /¡ = A7V = (2.80X800 W) = 2.24x10* W. 
(b) P„ = /¡ + P % = 2.24x1o 1 W+800 W -3.04*10* W. 

(c>ln lb = 360(K a-J^-liMiclO' J. dS^ tJWxl ° J -3^5x10' JX. 

TI» 30$ il K 



The Secood Law onhcmwHl>iuinicf 241-19 



W -/¡i-X064*10* J tlctx Q i* rcmmtd from thc ímide atr 



T ( 294.1 K 

Kvai.i afe: The mercare in ihc cniropy of thc ouuidc air i* grcaicr than (be cntropy dccrca*c of thc air ¡o ibc 

IQDBL 

10.55. iDEVTIFYand SHí L'p: Use Eq,(20J3> for an infinitesimal hcal llow *<p H from thc bol retervoirand ute thal 
expresión with Eo.<20J9i torcíale AS,,, ihc cntropy cbange oí thc hot rcicrvom lo |g| 

<a) E\»¿ L7t:: Conádcr an infinitesimal hcal llow rfy t that oceur* when thc temperatura of thc hot reservoirii T 



-- r< \as u 



r 

(b)Thc I.OOkgof water (Ib: high temperatun; rcscrvoirk goe* &om373 K lo 273 K 
£„ ^rATMl 00kgK4m/fcg KKlOOK^ 4.19x10* J 
AS,, ^aiíbli H rü" kgH4190J'%g*K)ki(273/373) = -130S JK 

Thc repulí of pan (a) gives |0 1-(273 KKI30S Mí)- 3.57x10* J 

Q i >mci outi i ig ¡K-. - i' 10' J 

Thcn r«fl *ft --3.57x10* J + 4,l9xlO l J = 6.2*10* J. 

i o : ' • i kg of ...... from 323 K lo 273 K 

■ -mi \T - (2.00 kgH4190JfcgKX50K) = 4.19*Hi* J 

AS M - »n LmJ' / 1-|200 kgN4l$0 J fcg KMm272. 323i- -1.4 U 10* JK 
fi^-rilASal.-MSxiÜ* J 
fPafl- + (? H -3.4x10* J 

<d> EVAJ.LATE: Morcwork can be cxtracicd &om IXkOkgof water al 373 K Iban from 2.00 kgof water al 323 K 
cven though thc cneegy that come* out of ibe walcr » il cool* lo 273 K i* thc same m botb cura- Thc cncrgy ui Ihc 
323 K xvaicr is lem aviilablc for conversión ¡mo mecbanical work. 
20.56. iDEvnrv: The máximum pmier Ihal can bccxmicicd n thc total kinctic cncrey A'of thc ma*s of air thal pawct 
ow thc turbinc bbde* in time t. 

Ski Up: Tbc volunte of a cylindcrof diameter dúaó lcngib¿ is (*xrf* i'4}£. Kinctic cncrgy i* |wv^. 
EXJXim (u)Thcc> h hndcrdcscribcdcoataim a ma»iof air m- p(xd'j±)L t and so thc total kinctic cnergy h 
K a pixfafd'Lv* Thii mi« of air will país by thc turínne tn a time r * £/v, and so thc máximum powertt 

p.í^j/H)rfV. Numeñcalry. thc product fi m i*l*l *0-5 kg/m' -0.5 W ^/m*. Thúcomplc 
<c) Wind Kpeedi tend lo he hígher m mountaín pastel. 

I!\ Aii afk: Thc máximum powcr pmporimnal to v\ so incrcaics rapidly with incrcaic in wind 
iDcvnn: ForaCuimtdeviw. — ^ s &+6c- 
SrrLTp: fl -1OO0J. 10.0*C - 283.1 K. 35.0*C -308.1 K. 15.0*0 = 288.1^ 

EXECUTE: (■> ^--^Jg «-J|^^J(1000 J) = -1.088x10* J W -1000 Jfrí-lOTHxlO/ J)»-88 J. 

flitNtw&»-Jí55^ H^lO0OJ^(-l.Ol8xlO* J) = - 181 

<c)The/irdiagTam»forthc twoCamot cyclei are xketched ¡n Figure 20.57. 



2*2# ChapttrJt 



fcYAl rvn : M*wv work mun 



20.5S 




iDEVTin and Sur L'P: Fin* us 
fc\*Ain: OfiOO kcofwatc 1 



I»*ure2ü¿i7 

the mcthocfc of Chaptcr 17 lo calcúlate ihc final temperaturc fof ihe lytfeitv 
:ooii írom45.Q°C Id T\ 



0,0500 kg oficc (narros loO°C rnclti, and walerwarrm from 0*0* D 



p-^ícrc-i-is.ircoími, '^^u o 

p- 0.0500 kg[ (2100 JtgKX15.CrCj»3MxlO* J.kg»(4l90 JtgKxr-Ot:)] 
0-1575 J* 1.67-10* J»|209.5 JX)r-1.82»-10 4 J*(209.S }!K)T 
Q^ m -0 grveM2S141Xjr-L1313-10* J + IM«-10* J + (2095 AK>r«Ü 
(2.724x10* J.K*r = 94h"5-IO* J 
7 = <9.485- 10 1 JX(2.724- 10 1 J¿K) = 34-KJ'C - 308 K 

EvaUiaTE: The final temperaturc muM he Ivtueen 15 i' í ai>U5 O'i A final tcmpcralure of 34**^ i* 
ronM&tcnt wilh only (¡quid water being prctent al cquilibcium. 

lot-vim and Sn Now we can calcúlate Ihe eniropy ebange*, Uae AS- Q>T rbr pha*c ebange* and ihc 
method of Examplc 20.6 lo calcúlale AS for temperaturc changes. 

Exr.ti ii: ice: The procer takci ice al - 1 5 P C and produce* water al 34 S'C. Calcúlate AS lora reverabte 
nelween thc*c iwo itatc*. ín which heal u added very %kmly. AS ñ paih independent* *o AS rbr a reversible procos 
» thc «ame a% AS rbr ihe actúa) (irreversible} prora* a* long ai thc iniiial and final tfatc* are the same. 

AS - J ( éQ tT $ where T muit be in kelviru 

For a temperature ebange dQ-mcdT *o \S - \ tm. I\JT - nwhwl Ty 
For a phaic change, anee il oceurs al coiutant 7*, 
AS-J ( dQ T~QiT~tmLfT. 

Therefoce AS^ - mc^ ln(27J K.258 K>* m¿, '273 K * mt w ki(30K X273 K i 

AS„ -10.0500 kgHl2l00J'kg K)lnC27JK. k 25SK>í (334- 1& J,lcgK273K + (4190 JTfcg KHn(30K K273Ki| 
AS M =5.93JK*6U71K*25.27 J'K-92.4 J.'K 

ftakr AS^ -«icUHJ; . T;> = (0-600 kg«4190 J.kg'K)ln(J08 KtM K)--80.3 J.K 
For Ihe iyaeia AV - AS M » AS.^. - 92.4 J.'K -S0J J.'K - *I2 J X 

Evaja vTx: Our calculalion giw* AS > 0, ai il muit for an irreversible procera of an uolaied syitem. 
iDBfllFY: Appty Eq.<20J9>. From Ihe demation ofEq. (20.6). T^r> % and r-r^. 
ÜEF Un For a con*iam vvlume proceav ¿£ - «C ( tfT. 

EXECtíTE: (a) For a conMant-volurne procei* fur an ideal ga«. where the temperature changes from 7*, lo TV 



la^lIL 



The cnlropy changa are ^lolf/r,! an d fíC^Tfc) 



{b} The lolal entrt»py change f*»r uoc cyc\c i* the nim *»f Ihe colro^ change* found in pan <a>; the other 
nroceuei in Ihe eyele are adiabalie, i*1lb O-íi and AS - 0. Ihe lolal h Ihcn 



1S 



illll^O. io AS- 



(c) The sysicrn u not iMibtetL and a /erocbangeof entrop)' for an irreversible «yitem neertainly po»iUe. 
t \ Alt 1 atk: Jit an irreversible proeeu lor an iwlated *ystem t AS > 0. Bul the entrtpy ebange Ibr «orne of the 
bunroonent* of ihe %yitemcan be negatíveorzero. 



IhcSccondLaw uf Thcrmodviumict 2<l-2l 



20.60. IDCVTOY: Fot* revcrubfc isoihcrmal (MM» AI «2* For a reversible adiahatic proccss. £>-0and AS-0 



The < jmiii cvclc coitiiNl* of hvo rever wWc isothcnuu proccsscc and two reversible 
Si: r le: Uk ihc rcsulis for ihc Scirling eyele from Problcm 20.50. 
KxntiTt: ly> Thc ciapto is given ín Figure 20 60 

(fc> For a reversible procc». dS~^. andso<f0-7VS, and Q - jdQ - ¡TdS. which t* thc Mi unte ibc curve 
m Ihc 75 plañe. 

(c) £> M i* Ibc arca under thc rccianck bounded by thc horiAMttal part of ftc rcclangfc al r 4í and thc vertical*. |g | 

i* ihc área bounded by thc honAmtal pan of ihc rccianglcat T t and thc verticalv The ncl work is then t* 

the área bixindcd by the reeijnck ihat representa thc proccss* Thc raboof Ihc arcas ih thc ratio of thc Icngibt of Ibc 

vcriKal Miles uf thc respective rcctanglcv. and Ihc crTicicncy »* c ■ — ■ H c . 

A* 7"m 

Id) Ai cxplaincd in Problcm 20 50, ihe sub*tancc thal medial» ihc heat excbange duhng ibe ¡sochoric expansión 
md comprensión óbc* not Icavc Ibc sy*tcm, And Ibc dia^iam ¡s ibc same a» Ín pan ía) + As found in thal nroblcrn. 
the ideal crTicicncy i* the *amc ai Ibr a Carnoi-cvclc enginc. 
EvaUiaTE: Thc ócrivation of *•<-„ 
Scction 20A bul yiclds thc same result 

7 
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itcocrtrul 




Fí«ur* 20.60 



20.61. iDfCTlFY: Thc lenuvratures of thc kc-water rráxrurc and of the boiling walcr are corcclant. so AS- — ♦ The 



ílow for thc mclting phasc rramition of thc ice i& Q - +mL t . 

StJ Ut Kor waler. 1 ( = 3.34 * I0 1 J kg. 

Ku:c t uz (u) The hcal that goes iiuo the ice-water mixture is 

Q-mL, - (0.160 kgX3.34*10* J.kg)-5J4* 10* J Tbis i* same amounl of heai kave» theboilmg water so 

r m k 

<c> For any segmenl of thc rod. the ncl hcal lio* is zenx io AS 
(d) AS M --I43 J.K4 196 J.K = +S3 SiíL 

EVai i afk: Thc heat Ilow is irreversible, xince the system U nolaicd and Ihc lolal cntropy char 
¡0.62. IDEZ^TTIFV: Use Ihc expression úerived Ín Examplc 20.6 for the cnlropy change in a temperarme 

SefUK Forwaien f ^4l90J.kg*K. 20 ft C*I9JI5K. 65 a C = JJ8.l5K and 120*0 = 393-15 VL 
EJuTCims (n> AS" - milni T.jT x } - <250 - 10 ' kgK4l90 J/kg K)ln(33ai5 K/293JS K) - 150 J/K. 

w ^ _ >wfi\r H250xl0 t kgK4l90Jykg K)<33S 15 K-293.I3IC) ^ _ |Jft ^ 
T 393 , 1 5 K 

<c> The sum of Ihc result of parís (a) and (h> is AS u ■ 30 J K 
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EvaUiaTE: (á) I Icatrac. a \i<\und t* not rctenublc . Whaicvcr ihe cncrgy rourcc Por ihe heating ctancnt. hcai « 
bcing dclivcrcd ¿t a highcr Icttiperaturc than ihat of rae water* and ihe cnlropy los afilie source will be les* ¡n 
magnitudc Iban thc cnlropy eain of thc water. The ncl cnlropy change n po*ili>e> 
20.63. iDEvnrv: Use Ihe expresión denved ra Examplc 20.6 for (he cnlropy change m a temperature change. For (he 
valúe tif Tlbr which A5 b¡ a máximum, d(ÁS) tiT - 0. 
Skf t T P: Tbe hcal flow for a lemperaturc change b P- mv'AT 

Ku:ci rt: (a) A* ra Examplc 20.10, ihe cnlropy change of rae fim object ñ wu.tai 7*7, i and that of (he ¿corad 
j* mffaiT'fT ^ and m ihe net cntropy change i* a* given. Neglccíing hcat Irantfcrtoihc surroundragx 

(b) Solvint* thc cncr£y*con*CTvaiiQn rclabon for T*and lubitiiuiing mío rae expresara £i>r .W giws 



tf=nif kil — Uw¿\in| 1— Ül — -_L II Diffcrcntialing with rccpcct lo Fand *ctling rae derivauve equal 



in Ihe conservaron ofencruy cxprcsikm ra part la) and ¿olvrag for /" t?ivcs T* - ^ * ' " * J . Thereíbrc, 
T -T* when M b a máximum. 

EVAlt \ jí.: (c) The final *latc of ihe *y*lcm will be that Ibr which no further cntropy change n posible. If 
T<7"* i\ i \ posible for (he temperatura toapproach cach othcrwhilc üicreaiing ihe loial cntropy. but wben 
T = T\ no ftirther ipontancou» heal exchance u po&tible. 
¡0.64. loEvn*^: Calcúlale Q and (? H in terms of/> and f'at cachporat. Use (he ideal ua* lawand ihe prc«urc*voluinc 

rclauon for adiabutic prtKCoei Ibr an ideal ga». e - I - 



UtVti For an ideal ga*. C^Q+R. and ukrag ¡uno be datomic, £>4JÍ.C ( =¿* and 7=7 
I \m 1 tr: Rcíerring(oFigüfe2l)7intheiex(boolc. fl, =nyJíír -TJ*UpX Siimlarty. 
0 = n^Rip t V m - PjFjI Whai necds lo be done ñ to finó ibc relalioni belween Ihe product of rae prenure and 

vr4ume al ihe lour pomti Kor an ideal ga%. ^ * * pV w — pjf\ — j. For a compresión ratio/ 1 . and 

thal forthe Diesel c>^ üie prooew^ « mkabtüic. -J^"*- S*mibrly, 

Note mal (he lait reiuli uses thc fací Ihat procer da h ¡«ochoríc* and r "í^; abo, p - p % (proceu /k* i% üobaríc). 

L = ZL . Ü - £ . L. . ik > I - ( 7 -''- '" ¥ Ü T - ^-K 
1_ 



7 



ir 



(5.002^-1 



.where — - S 16? and / - 1.40 (uve bcen u*ed. Subvtituiton of r -~ 21.0 yiclib 



c m O TOS - 70.8%. 

EVALUATE: Thc cffioeney for an Otio eyele with r-21.0and r = l-« i* r-I-r >t «l-|2I.O)*** = 70.4%. 
Thii i« very elose lo ihe valué Ibr rae Diesel cycle. 
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21. 1. ía)U>K>Ti» v andSCT X fP: Uic thc charge ofonc electrón (-1.602x10 " C> lo find thc numtxr of electrón* 
requircd to produce ihc nct ^hargc- 

RXIICHTE: The number of excess clectrum needed (o produce nci charge q ¡s 
-1.602*10 Cclectron 

<b) IDEVTIFV and SKT Vt: Use rae aiomic mass oflcad lo find thc number of Icad alomiin S.00*I0 1 kg of 
Icad. rwm ihis and ihc mimbcr of excets electrons» And Ib: number of e&cess eleeirons per Icad atoni* 
EwiciTE: Thc atomic mas* of Icad is 207*10 kg/moL *o ihe number ofmok* m 8 + OOx|0 kg « 

ff — ■ ^ - 0.O3S65 mol S\ lAvotíadro** number) t* thc mimbcr of alomi in I mole, mi thc 
Xf 207x10 * kg/mol 

number ofkad atonte i* M ±nX s -<O + 03£65 mo(K6022xlQ ;L jtocnsmol;»- 2 32S* 10* atonte.Tbc number of 

. 2 00x1o" «kctron* rt _ rt .„ ü 

cxccis cleciron* per Icad atom te -8.59x10 '. 

2J28xl IT aloms 

Eyammtk: I'vcn tht% small nd charge corrc*ponds lo a brge mimbct of excess electrón** Bul (he number of 
atonte ¡n ihc sphere u much larccr stilL so ihc number of excess electrón» per Icad atom te very «mal!. 

21.2. Idevtict: lite charge ihai ftw is thc rute of charge flow limes me úuraiton of thc time interval 
SkfIJp: Thc charge ofonc cketron has magniludc f- 1.60x10 **C 

1' \utTE: Thc rale of charge flow i* 20.000 C'i and r - 100 fB - l.OOx 10 * s. 

p-(2fl.0O0CsMI 0Ox|0 J *) * 100 C. TV number of eleerrons i* = -I^5x]ff*. 

1.60x10 C 

EyaJ.CATE: Thtt ti a very larce amount of charle aml a larce number of electrons* 
2 l.i iDDfima Trom your mas* estímale thc number of protons in your boa\* You nave an cqual number of ckcir*ms* 

SETUFS Asióme ibod) uutso: r 70kg. TI W crmgc ofonc clcclron te -L60x|0 ** C. 

ExecUTE: Thc man is prímarity protons and neulron* of m -1*67x10" kg. Thc tolal number of protón* and 

ncutrons n ir « - 4.2 x 10 a * About onc-halfarc protón*, so — 2. 1 x ] 0** — » . The number of 

^ LÓ7xl0 J kg * 

eleeiron* is aboul 2.1x10 a . The lolal charle ofthese eleeirons ¡s 

£-(-160x10 "C«lciirDnM2.10x 10* cketronsí --3*35x10' C* 

EVAiXATE: Thn u a huge amouni of nc gal ive charle* Bul your body contains an equal number of prolons and 
your nct charge ¡s /ero. tf you carrya nelctaarge 4 thc number of excets or missíng electrons u a very Mnall fraction 
of ihc tolal number of electrons in your body. 
21.4. lutvntT: Va ihc ma*s mof thc ring and ihe atonúc mass A/of gold lo calcúlale Ihe number of gokl aioms. 
fcach atom has 79 protons and an equal number of electrons. 
1 'P: \\ -6.02x10/' aloms mol . A protón ha* charge 

The mast of gold is 17.7 g and thc alomic wrighi of gold ñ 197 g/mot. So thc number ofaiomi 

¡sA f .n-(ó.02xL0 ;L atomsmol>[ t , 1-5.41x10" aloirs.The number ofproion* is 

A;-(79prolonsalomX5.41xlO^ atomsl- 4.27x10 a prolons. O - |n,xl .6*1 * 10 "Cproloní- 6Jt3xlO*C. 
Lb) The number of etectrom h m t m -427 * 1 0 a . 

EVAl.t'ATE: Thc total amount of posítívc charge in (he ring is very larce* bul therc i* an cqual amount of negativo 
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21.5. lüEvnFY: Apply F - k ** ^ H r*"*" 

r' 

UP: F-650N. 



«WxIO' N nVC'Nl -OCr 



EXECUTK f - M^- fi— " " "' " *" v w * 

V f V 650 N 

EVAIX'ATE: Chargcd objcct* iyp*aHy havc nct chorees rnuch less thaa l C 
21.6. iDEVnrV: Apply Coulomb*» la» and\ ralcubtc the oet chargc 9 on cach sphcrc. 

UP: Thc macniiudcof rhcchargeof an electrón n 1 60* 10 * C- 



EXEc niK: L_ * Thisgive* U- J4¿r*f>* - At^|4.57* lü 3 * NH020Ü mj* * MJ* ID ** C. And 
4xt¡ r 

therefore* thc foulrujmbcrof electrón* rcquircdis #r- v -tí JV- JO " (N 1 .60 ^ 10 lv O efcetroo) ■ S90 electrón» 

EVALUATE: fcach sphere h¡w 890 excess ckctrotu and caco sphere rus a nct ncgative chargc Thc two likc 
chargc* repcL 
21.7, iDEvnrY: Apply Coulomb** b*\ 

SeF Up: Considcr ihc forec on onc of ihc sphere*- 
4a) ExtCtTO: ^~q¡ =q 

F- 1 M— jLiyrl f -0.1» mj °^ CW ■ ■ -7^*10* C< M «dQ 



1 ^L-fíL-M * Mr i f *±r¡ F ^j.<7¿2xl0 T O-3.7l*l0 T < 



And roen íf - 4« - I 4H* JO * C 

EyaIXATE: Thc forte on onc sphere is ihc tome magmtudc as thc torce on thc other sphere, «hether thc *phcrc 
havc cqual chargex oc not, 

2I.S. iDEVflFY: Use Ihc mas* ofa iphcre and thc alomtc rnj» of aluminum (o find thc number of ahimmum atom* in 
onc sphere . Eacb atom has I J electrón** Apply Coulomb** law and calcúlate thc magnitude of chargc |</|on cach 
lobera. 

SKT Up: *V a - 6.02x10 * atomsimol . |¿| - «*c * ^erc «* ú thc number ofclectrons removed from onc tphere 
and addcd (o the othet. 

EXECtTfi: (a,) Thc total number of electrón* on caen sphere cquals thc number o f protón* > 



» - a -HJXAr H — 

4 1 0.0249S2 Icg/mol 

<b) Pora forceof LÜ0*1Q* N to acl bciwccn the sphere*. F - I.OQkIQ* N í— — + Thrs «¡ves 

***** 

y\-ftx€ l t\mx\0 , XK0^0800 my 3 g,4Jxl0 J C*Therwimbcfofelecüxins removed frwn onc spbetc And 

addcd tothe iWhcmn; - |í| * - 5 2T-J0' elcclnxis. 

Wrf;/* # *7^7xl0". 

EvaIX'ATE: Whcn otdtnar^ + objeers receta a nct charge the fractíonal change in the total number of electrons m 
thc object is very snult . 

21.9. iDEVnn': Apply F«m,wíHi / a L-Ü 

SefUP: d = 25.0^ -245 ro^ : . An electrón dan charge -** -1.60x10^ C. 

EXECVTE: ■ • ^x|n 1 kg)(245 rn % ? ) = 2.09 N . The spbcrcs have cqual cbjrgc»^ so F-*Í- and 

charecs on thc tphcrci havc thc same sien so thc clectrical (bree is rcpulsivc and thc sphcrci accclerate a^uy frorn 
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EVAJ.tATE: As the *ph«cs movc apart ibc rcpulme Ibrcc ihcv cxcrt on cach olhcr ikctvws and thor 



21.10, (a) ll>KMtKV: The decimal attraciHinof thc protón give* thc electrón an accclcrahon cqual ta thc accclctation 
due lo gravily on canb. 

Up: Coulomb 'i law givc* thc forcé and Nci*ton * sccond law give» Ibe Bocclcnüon ih¡* torce produces. 



V4. 



i un; 



Euxa ti: 



1(9.00*10* N*oi*.'C*)(L60icI0 " C) 
(9.1 I* 10 11 kgH9£0m*') 



EVAJ.tATE: The electrón nccdi to be about 5 m (rom a «ingle protón lo have ihc ume accclcralion ai it reccives 
from ihc grovíh of ibe en tire carth. 

Ib) lüfcvnKY: Thc forcé on thc electrón comes from the eicclrical attraelion of all the protón* ín thc carth. 
Sit I r: Fina find ihc numher n of protón» ín thc carth* and ihcn fiitd thc accclcralion of thc electrón usmg 
New ton sccond law* as in part (a). 

n -* b 1iV-(5.97k 10 Sí |tgKl-67>í li* kg)- 357* I0' 
a - F:m 



EXECVTE: * -(9.00* IO*N m í 1 < J K3.S7x I0*'xi.60* 10 '* C^H^ll * W* kgH6.3S x^ra)*] - 2.22 k 
I0* 1 rn V. One can ignore the gravitation forcé since ¡I produce» an accekration of only 9JE rn V and henee i* much 
much iban thc cketrieal forcé. 

EVAJ.L'ATE: With thc ckcthcal forcé, thc accekration of the electrón would ncarly 10* J limes greater Ihan with 
gravily, wbkb ibows how xlrong the clcctrícal Ibrce i*. 
21.1 1. Id&VTIFV: In a ¿pace latcllilc.. ihc only torce accclcraung ibe free protón u the ckcthcal rcpuUion of the olhcr 
protón. 

SKT Ijp: Coulomb'* law give* the forcé, and Ncwion'i sccond law grves thc accclcralion; a m Ffm ■ 

EXEmiK: Mtf-pdC!* 10*N*m^C*)(l¿Q* 10 " C) : 1(000250 mfa.ti? * IÜ r kg» - 121 * 10* mta J . 
<h) The graphi are ¿kclcned ¡n Figure 21.lt. 

EyaJXAYE: The ckcthcal forec of a «ingle *iahonary protón givei the numng protón an ¡nilial accekration 
aboui 20.000 limes as wrcai as thc accekration caincd by thegravily of thc enlirc carril. As the proion* mora 
farther apart. the ckcthcal forcé gei* weaker» so Ibe aceeleraiion decreatc». Since ibe proioni continué to rcpcl. the 
velocity kccfi* incrca&ing. but al a decrcatmg rate. 




npre2Ul 

21.12. iDEVtlFY: Apply Coulomb * law. 

Si:r l"p: Like charge* repel and unlike charge» aitract. 

Ex*xiTE: W F. ' H Tmagivc* 0.200N. J_<^">^^| 
4*1 r* **± (030 m? 

forcé U attractivc and ^ < 0 , m> <f : - *3.64 K If 4 C - 

ih\ F ■ 0.200 N. The torce i% artraclive, «> h downward. 

EVALUAIS! The forecs bciwccn ihc mo charges obey Ncwtons third law. 



ind b J-*J.64xlO*C.The 
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21.13. IdeviifY: Apoly Coulomb** bw. The two fbrcci on q. mutf have rqual maguí lude* and oppoiilc dircctioni» 
Ski UP: Like cnargci rcpcl jtkI un like charge* aitract. 

EXETUTE: The fixee / ihn ^ cacti* on ^ ha* nugnitude F* 1— J L irx¡ a tn ihc t direclion. F g mutt be in 
the -xanctioD,» q, murt be positive. /i-Fgivc* A ílfllJ - i í-lü 




W . k ,(¿Í. ( 3. M nC^)'.0., 5 »^ 



F t = Fj =- —3 *ina = -O.I73 N {*incc*¡ntf - 0600). Tbcrcforc. the total forcé i* 



Evaj.CATE: The rc*ult for the magniiudc of 4 doctn't depend on the mauniludc of q. . 

21.14. Ioevtiít: Apply Coulomb** law and find (he vecior sumof the t«o torce* un (j. 

SKT l*P: Tbe forcé thai q m exert* on Q i% rcpuUivc. ai in Example 21.4, bul now the forcé that </ : exertt « 
■tnctra. 

EXJXUTE: The xa*omponcni* cancel We only necd (he »■ componen!*, and cach charge contribuí?* cqually 
I (10x10*0(4.0x10*0 
<G\5O0mr 4 
2F b OJS N É in the * r-direet¡on . 

EVAl.t'ATE: )f q í ¡* -2.0 /íC and ^ i* +2.0 j*C , iheti the nei forcé i* in Ibe M directiom 

21.15. lotvnn': AppJy Coulomb ** law and find the vector *umof the twu toree* ott ^ . 
l'P: 1-iLe charge* rcpcl and unlike charge* aitrat. *o F. md F are boih in the c ¿hrection 

fj ' = 6,749 x 10 'N. F. A ÍilJ 1 124 - 10 J \ Fafjif.slin 10* N 



t.\m te: F. - l 



F a LSx \0~* N and U in the *x-dircclÑHV 

Ev ALIATE: Comparine our re*uh* (o iho*c in Examplc 2I.3* wc ice that F imti ■ -F ÍMt + a* rcqiurcd by 
Newton** third law. 

2I.I6. IdevttFY: Apply Coulomb** law and find the vector *umof the two totee* on q : . 
SETUP: Fj.^üinthe * rdircciion. 

EXEí'UTR: F v - <9Qtf>D N * m »' c M2Ü*W C><2.0xlQ O-qtQQM |g 1 «Oand 

(0.60 m) 

tó-il, a *° )°0\ . f¡,„, i» eoual and oppmiie 10 #[ — g iExarnple 2L4). an (F u ) v 1 \ and 



The magnitudc ofihe iota! forcé i* F- J(0.23 N)% (0.27 N)* - DJS N tan 



< 

0.27 

pckiMtc Irom ibe axivor 130" eotinicrclockv^ue from the *taxi>. 
EVAl.t'ATE: Both forcci on q uc repuliívc and are direcled *v*ay from the cb&rgc* that exert Ihcm. 
21.17. IdevtifV and Sr.j Vn Appk Coulomb i law lo calcúlale the forcé exerted by and q t on ^ L Add 
Ibrcc* a* wctor* 10 irei ibe net forcé. The taruel variable tí the x-coordinate of i/.. 
EXECtiTE: f¿ í* in Ibc.Y-dircction. 

F¡ » = 3 J7 N, so F u = t3 J7 N 

F. » Fj. * F í( and F, = -7,00 N 
^ m K~ t ■ -7aX) N -3 J7 N - -10J7 N 
For F tl to be negativa q t mustbeonlbe 

F 



-0 N4 n^iu^-0a« ra 



EVALUATE: *v. atiracu q. inthc -.v direction *o rauitaitracl a. inthe -t -dircciion, and q¡ u al neealive x 
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21.18. lofcvnm Apply Coulomb** bw. 

SKI UP: Like cbargci rcpd and unlikc charle* aitract. Leí K be l*>c foro tlut ^ cxcitt on y and iet A* j, be 
ihc forcé ihal i/, exerts en */. . 

RX>;ctTE: The cturge tf , muitbc h> ihc ríghl of Ihc orígúu othcrwiic boch o ; and ^! would exert torce* m ib: 
+x dircction* Cakutating (he two focces; 

m í9*ílO'NniVC J )(3.00xlO*C)<S + OOxll> fc O 0 + 2l6Nm' . . ... 
íj,* -j p , mthe -xdirccmxv 



0.2I6N 



-7.00 N . r - 



D.216N rrT 



-0 144 m ^ 



r¿ ,J y3J73N + 7.00N 

fc« x=O.I44m. 

EVAI.l'AVE: / . - 10.4 N. ¡* lar ver ihm F lt . bccauAO j^j i* torger than |íj ; | and alio bccau*c i¡| U Icru Iban r L1 . 
21.19. ipfcvnFY: Apply Coulomb** law lo calcúlale ib: lorec each of Ihc Uvocharce* exen* un Ihc third choree Add 

tbc*C fOfCC* vector*, 

SktI'p: Toe ihrce charuc* are placed ¿in «brm-n in figure 2L 19a, 



Like charue* rcpel and unlikc aitracl. ™> ihc lrcc*bc«dy diamm Ibr ^ hu ¿hown in Figure 21.19b. 



ha 



l hSA 



r'tairv 21.19 



ir. 



fj "(8-988 iclO* N- M W'^ 1 ^ 5 ^ 10 " Q N 

(0400 mr 

The rauliant forcé i* R ■ + f" 

Jt, + -1.685*10* N 48.988x10 J N- 238x10** R 
Thcr»ulianifc4«ltoíínasnjtudc 25H*10'N and « in ihe -^düxcooo. 

Kyammtk: The forec belween a 4íhi q , U aitracirvc and thc forcé belween a¡ and a ¡* rertutive 



21.20. IdeMW\: Apply F - Al— -Mocachpairof charles Thcnct íbece ¡* ihc vret«r iumof ib: forcé* duc ta ^, and 

Skt Up: l_ikc chareci terxl 4JhI unirle charco* attract* Ihc charles aiul thcir Ibrcc* on i; are «hu^'n in Tigurc 21.20 



<lO*CKO + 600*ICrC) 



SJ94*I0" N. 



(0.20(J d) 



, : * / / ■; . 2 10> 10 N . The oet forcé ha* magnitude 140*10 N anduinibe *x dirceiwn 

EyaJXAYE: Each forcc i* aiiractivc bul thc Ibrcci are in oppotilc direction* becausc of the pláceme 
¿haruc*. Sincc ihc forcé* are in oonmite dircction%* thc nct forte i*obtaincd by subtiaciing ihcir magnitudes 



V* F 3 

21.21. loEvnFY: Apply Coutomb*& law lo calcúlale exh forcé on -Q 

SKT Up: Leí F m be ihe forcé exerled by (he charge al y - u and let F. be ihe forcé exetied by the charle al y ■ -ff 

EXECHTE: (a) . í forcé* mi -p arcahown in Figure 21.21». and r ^iü* + **)f n tsthe 

düiance beiwccn 4 and -y and bciwccn *tf and -O . 



' ' 

íd) The giapb of /■" vcr*u*x iigivcn in Figure 21.21b. 
EVAJ.CATE: - 0 for atl valúe* of * and > 0 for all x. 





1U1 

21.Z2. Idkvtify: Apply Coulomb** law lo calcúlale cacti forcé on -Q 

l*p: Let F. be ihe Ibrcc exetted by the cbarge al y"fl and leí F¡ be the forcé exericd bv ihe chante ai 



y = , Tbe dutance between cacti charge? and Q w r»(# , +a J ) W , co%tf = — -ü- 

(&)Tbchvo forcea on -Q arc*hown in Figure 21.22a. 

--2— — 

for^apphc* 



MWfc. r>0, r- «d ^axenegati^ Jr- JE, +4.-4 « ¿- ¡p^T ^hen 



v ■ 0 , r^and /■_. arv pouiite anu thc 
(d)Thegrapbof /v vereu* x i* xkcichcd in Figure 21.22b. 
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EVAIX'ATE: The dircclton of ihc ncl Torce on ta aUvay* 



V 















































r 



















-* -3 -I - 

PtaR2L22 



Z J * 



:b;. 



21.23. iDEvnrV: Apply Coulomb** Uw lo calcúlale ib? forcé cxcticd on onc of ibc churges by cachof thc other iHrcc 
and then add thcic forcea ¡u vcclorv 

<■) Srr t'P: The efarge* are placed a* *hown ¡o Figure 2 1 ,23a. 

,t l —rr^ 




Con&icW forcé* on Toe frce*body diagram iigivcn in Figure 21. 23b. Take ihcraxta lo be paral kl lo the 
duatorul hci*een a ir*J <v, and let * * be in ihe d*cction a*-iv froen Tben / i* ín ibe *r-direclioo< 




EXE4T.1t: A - 



í 1 



4t^2F 



nyn2L23fa 

(b) rt.-^+^ + F^O 
R ■ —2—1 i + 2JI). Same fot di foiir 
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amate: 1n general thc rc*u)tant forec on onc of rbc charge* i* dirccicdaway from Ihc opnotjic comer The 
forcea are all reputaive %incc thc charge* are all ihc «me. By *ymmctry thc ncl forec oo 00c charge can nave no 
component perpendicular 10 ihe diaconal «f thc squarc. 

21.24. iDEVnFY: Appry F = lo find thc forcé of ejeh charge on . Tív ncl forcé is thc vccik *umof Ihc 

r 

individual Ibrcci. 

Si r I p: Lct 4 - +2.50 pC and a -3,50 /jC, The charge *^ muubc 10 thc lefkof ^ L orlo thc rightof ^ tn 
order Ibr ihc rwo foro» tobe io oppoiitc diavitom. Buí for Ibe lwo forcea to bave etjual magnitudes* +q mutt he 
cliwcr 10 ihc charge q t ,«nce lh¡* charge ha» ihe imallcr magniludc- Tbcrcforc, Ihe rwo Torces can combine togive 
zero net forec onty tn thc región to thc kfi of q t . Leí *^bc a distance J to thc kft of 4^ to it ¡s a dittancc 

d * 0.600 m from q 1 . 



_L !» ItÜ Js± 

<T (tf * 0.600 mr 



[J # 0.600 m) ■ t\0M$lM + 0.600 m) . d 



be poslivc. %o - * ^ - 3.27 m . The net forcé would be /ero when ra tí at r ^ -3.27 m . 

^ 1-0.8452 

EyaIX'ATE: When *<p¡sal x ■ -3.27 m , f t ¡«¡nihc — j dircction and F : i*, in thc *idircvlwn 

21.15. losvnFY: F - ♦ Sincc rbc íicU » uní torra thc forcé and accctcration are coretant and wc can me a conMam 

acccleration equation to fmd tbe final ipecd. 

U 1 : A protón ha* charge uid mu* 1.67*10 " kg . 

(») F -(160-10 " N.O-4.40XÍ0 1 * N 



« 1.67*10 -'kg 
4c> v. «i^+tf.J give* r = (2.63* 10" m t - «] 00 > 10 " %) 2 63 ■ li> m* 
EvaJaatE: Thc accclctation i* very Urge and thc gravíty lorcc on Ibe proion can he itrored 

21.26. iDEVtiFY: ForapointcKi:, . E-xQ 

SKT Up: E i* toward a necaiive charge and jwjty from a peuttive charge. 
ExkciTE: (a) Tbe ficld 11 touurd Ihc negjilivc charge *o ts downwanl. 

£MB. W . IO 'N -n,'..C-)^ ¡ £,4>2N.C. 

fifi N m ! .C í í(3M-IO * O 



V £ V I2 0NC 

EvaI.VATE: Al dilTercnt poinU Ibe eleerric fiekl hai diHcrcnt dirccitor». but it i* alway^ directed toujird thc 



21.27. [. it .vntv: Thc accclemúon Ihai nop% rbc charge i* produced by ihc forcé thai ibeelcclrkr tlehl exert* 00 it. 

Since thc 5eld And ibe aceelcraiton are comíanla v/c can uve tbe tundard kmcmaiics formula\ lo ñnd accckrition 
and time. 

{*) SirT I'p: Tint u&e kmemalict to find ibe proion'» acceicration. \\ ■ 0 when il ilops* Thcn llnd thc cleetric 
fícld necead to cause mU accclcration nsing tbe faet Ihal F - qE. 

EXKCtTE: vj=>¿ *2ü t (x-x,).Q-i4 5Q* 10*m *) : • 2Jíft032O mland a - 3.16 * i0"roV. Nou find tbe 

, , r,. L . h., / -rtitíjuid£-mn.>-(1.67x 10 r kgK3J6* 1»'* m* : i 1 oO x 10 ** C)-330x 
ir/K'C. toiheleíi 

ib) SKT t Jp: Kincmalici givc* v ■ r a + ja and v — 0 when thc electrón rtop*, 10 1 - i^j. 
EXEt tTE: t - v t tf- (4 50* IO flp m) l KV(316 * 10" mV)- 1.42 * 10* 14.2 n* 

t ■ Si:t l'p: 1n pan <a>wc uw ihal theelccirkr fieU 11 prttporiHtruil tom, *o ttecan u^c ihc ralioof Ihc cleetric 
ííelcU. ^/f^^/^and t-f^/m,)^. 

EXECITIK: £ t -I(9.U x 10-* kgV(1.67* 10 r kg»(3.30* 10* NC)- IM* lO/NCioineright 
E^ AI.t'ATE: Even a modcsl elcclric fícld. Kucb ai thc onc* in rbix sluation. can produce cnormou* acccleralioni 
forc 



Hceine f bargc -ind Etectric Ficld 21-9 



21.28. iDEVnFY: l.'st coratanl accclcraiion cquat¡on:t lo calcúlale (he upward accclcraiion a and ihcfl apply f* lo 
calcúlate thc cketric ficld. 

Set Hp: Let *y be upward. An electrón hai charge <p = -e . 

EXECtTfi: 1 j ■ i*,, a, - a , *o y—fa av i( /tifl/ grve* v~.v» . Then 

,.2Q--y.). 2(4.50») M ,, ffJ m , £ ^ f ^ ^ .9.! I ■ 10 " k 8 )<1.0Q^0" m/V ( =g M 

r (3.00*10**)' 9 L60*10 rt C ' 

The forcé ¡x un* mi thc cleetric ficld musí be ttonmnrti sincc ibc electrón hai negativo charge . 

<b) Thc clcaron** accckration i*^l0"g , *o gravity muithc ncgligibly ¿nuil compared lo thc eléctrico! forte 

EyaIXATE: Sincc thc cketric ficld i* uniform. ihc forec rt exeru i* consumí and thc ctccirun move* with 
consiant accclcration. 

21.29. ji li>K^Ti» V: Eq. (21 A) reíale* thc decirle ficliL charle of ihc particlc. and ihc forec on (hcpaniclc. If (he 
parbele » to remain ¡ttoiionary thc net forcé on ¡t muvi be /ero, 

Sur Up: Tbe free-bodv diagram Ibr thc rortick ¡* ifccichcd in Figure 21.29- Tbe wcight a mg, <lasxzv.\¿:¿. fot 
(he ncl lotee lo be /eco tbe forcé exerted by ib; cleetric ficld rnuti he upward. Thc cleetric ftcld ¡s dowmvard* Sincc 
thcclcciré ficld and thc cleetric forceare ¡n opptwitc dircction* ihc charve of (he paritclc n nrcaiivc. 



mg iL4S*10'laH980nV* ! > 



-2.19*10 * C and f--2l.9í/C 



11 £ 00 NG 

4b)S£TUP? Thc cicctrical forec ha& magn ilude F £ -|c<|£-f£. The wcight of a protón ¡* h - mg. F M *w so 

e£-mg 

e 1.602*10 ** C 

Thú ka very «malí cleetric 5eld. 

Ev AIRATE: tabotheate* |g|£ - mg and £ -<w '\t\)ít+ ta pan (h) thc m '|f| rabo ú rnuch smallcr I- 10 * > than 

m part (a) (— 10 i wA'h rnuch snallcr m (bt. For lubalomíc pa rucies cravity can uiually be ignored compared to 
decir* forcé* 

21.» IdeviiFV: Apply E* 1 Kl. 

4*^ 

Si i l'P: Tbe ¡ron nuckui ha*, charge -2ív. A protón ha» charle . 

4>c, (6.OO1-IO ■ u, m»* 

<b> í — <l,6Qx1l) — £¿. = 5.15*10" 
™ 4^,(5^9*10 " my 

EVAl.CATE: Thc«e elcelrte ficld* are very largc. tn eacb cate thc charge i» pcuilrvc and thc cleetric Ikldt are 

directed awjy from (he nuelcu* <tr protón 

21.31. iDEVtlFY: For apoint choree'. £ s M The ncl ficld i* thc ^'ectorsumof Ihc ficid* produeed by cacheharge. A 
eharge q in an eleeirte fiekl £ cxpertcncc* a forec F ■ ^£. 

Skt Vvz Tbe cleetric ficld ot a nccaiivc ebarge a dirccled loward Ibe eharge. Potnt^ ú 0.100 m Irom^; and 
0,150 m from gy Po«il BU 0.100 m rrom^i and 0J50 m rroro^j, 

EXKetiTE: (ti) Tbe elcerrie fie4d\due lo ibe eharges al potn( A are tbovtTi ui Figure 21,3 la. 
C i kJ ,8.99 «10* N- tn'/C-t 1 " 5 "'^^ ^ 2.50x10' NIC 



. . k M . ,8.99 ■ 10* N - w W 2 - 5 * lff *f , 1. 1 24 . 10- N,C 

5 (oioomr 
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Sincc (he two tlckl* are in opposite dirccikmx. wc lublract ihcir magnitudes t« fmd ibc net fieW. 

£-£-^>S.Mxltr' SC. lo Iberista. 

Lb)Theclcclnc Ikld* at poini* ffare *ho*n in Figura 2 IJIh. 

£, = J*i M S.«"W N n,'^ t 6 f | "' D ', C =5.6l^ll>' »C 
r,', (0.100 mr 

£^iJiÍ i( R.99.10' Nni , .C J )iHliH^=9.IT.10' N.C 
r;, 10.350 m)' 

Sime ihc lid* are in ihc nnKdlrcciUtn.wcaddihcUiragnMuda lo lind ihc nrf field. E= í, . t. -6 54' 10' N C". 

10 ihe nu^hi. 

IcIAM. £ = 8.74*10' Nr.loIberíghLTbcfOTd^ 

F = ^ = <L60«IO rt C)(8J4xlO l N 1 €) = 1.40*10 '* N, *othcrighL 

EVAIX'ATE: A protón h*t poiilive cbarge so the forte ihat un clecuSc fiek! exertson ¡t ix in ihc sane dircelion ai 
ihc field. 

4 O.I» n K— OIDO m — ► 4-0.100 m — h CU5Ü m » 




« 

21.32. lOEVIiFY: Tbcclcctric fon» i* F -qE . 

SO I.tpi The snrily forcé <we¡ghl> ha* irugniiudc n = j»¿ and i* do*nwanÍ 

EXKCUTE: <u)Tot>alanccmc wcighi thcckcthc forcé rmitf be upwanl Tbe eleerric ficW i*dowA-ard, 
%o toi an upward (bree thechargci? oflbc peraon must be negative h - /' give* «¡^ - |/|^ and 

£ ' I50MC 

<b> r a lili is - in \ i., v i ' ' V -1.4*10' N . The repulí) ve frece i* (mínense and IhU ix nol a 
r <IO0 mí 

fraxiblc mcanx of fiight. 

EyaIXATE: The nci cbarge of charecd objcclx & typically much le** iban 1 C. 

21.33. iPEVnFY: Í^.<2I J)u>exlhe^conthcpanicfc^ 

pina. The forcé i» corutani and produce* a comtani aeccieration. Tbe moción ix vimílar lo projeclile molnm; üw 
conxiant aeccieration cujuaijons for ihe hori/omal and vertical componente of thc motion. 
OjSCTUF: The moiion ¡x skcichcd in Figure 21.33a. 

líDem 



«Oon 



ÍTT 



Fue dicnun o --c 



Figure 2133a 

F ■ L|7J and t/ negative givcx ibat F and £ are in oppoxile dircciHin*. so F ls upward. Tnc frec-body dug ram 
forthe electrón ¡x pven in Figure 21.33b. 



EXEcirre: YF.-ma, 




j 



F»Kure2U3b 

Sol ve rhe kinernalici lo lind tne aceelerabon of (he eieeiron: Jusi mi*sei upper píate **y* that x - \. = 2.00 cm 
v-y, = »O + SO0 cm. 



V4t m y a G l .60 * 1 iT tí 4 = 0\ x - x. = 0,0200 m, f - ? 



Electric Chargc and FJkvíc Ficld 2M l 



x-x t 0.0200 m , „ - 
f = 1= -1,25x10* » 

v u I *■ i ■ r ] i ■ nVi 

In thh same time t ihc electrón imvcU 0.0050 m vertically: 

. componen! 

r- 1.25x10 Vv„ *0, y -.v, -+00050 itw. =? 
2(F-rJ 2(0.0050 m) 



¡5x10* *1 



[ThU analysu b very similar lo ihai med in Chaptcr 3 for projectile motion. except tlut herv (he accclcration i* 
upward raihcr than dtnvtnvard. i Thu accclcralion mu*i be produecd b\ h thc 



^ a ^ (9.109x10'** kuHMQxlQ^ m.'**) ^ 
c 1.602x10" C 

Nitfc Ihai thc accckration produced hy thc clccinc ficld » much lar^cr than thc accclcralion produced bv 
gravily, *o it ti pcrfcctly ok lo ncglcci thc cravilv forcé on thc clciron in thu problcm. 

m f 1.673x10' kg 

Thii ii much 1c» than thc accclcration of thc electrón in pan <a)*o ihc vertical detleclioo b le» and thc 
protón won'l hit thc piale». Thc protón h¿w thc %ame inilial ¿peed* mi thc prmon takes ibc unte tinte 
r = 1.25x10 1 % to (nivel horÍTonially ibe Icneth of Ibe piale*. Tbc forcé on thc protón it dounward (in thc 
vamc darection a* linee ^ w p0*itive}> so thc atcclcrainm i* óowmvard and a. - -3,49x ID/" mj'*\ 

/-^■v, í /+ifl/-Í4-3.49xltf"miV)(lJ5x|0* « -2.73x10 * ni. Tbe dupbcemcnl ¡* 2.73x10* nv 
downward. 

(c) EVAl.t'ATE: Thc diífilaccmcnuarc in oppoxitc dircctionst bccaittc thc electrón ha» negative charge and thc 
protón ha* poiitivc charle. Thc electíon and protón have thc unte magnitudc of charge. «o thc Ibrcc thc elcerric 
fícld exertx bas thc *amc magnitudc for cach charge. Bul thc protón ha* a ma« larcer by a lactor of l&36io iti 
accclcration and iis vertical duplaccmcni are intallcr by ihi* factor. 

21.34. iDEVtiFY: Apply E^<21 7) to calcolate ibe elcctric tlcldduc tocach charle and add thc h*o freíd vector* tofmd 
thc resultan* ftcld. 

SDOft Fot . tm] For q s # r« coiflí *«ntf/ . where 0 b ibe angle betwceo £ ; and me 

EXECUTB (,)*,■ * J.(M^tfN.«^K-5.00xlO-C). ( _ 2J ,, 3x|tfMg); . 
4^v; (0,0400 m) 

■ ^.C^xltfN.^) P . M x l O-C 1 , |M0Bl0 . N/CTbe ¿ fnejalrcilftomail! 

1 4*ví (0.0300 m| + (0.0400 ra)* 

. h. 1 1 ^ i: 

¿ji(l 0S0xl0 í \:CKj : cosl26.9 s */»ml26.9 í > = (-6\4g5xl0* NC|í * (ÍMxlO 1 X.C)/ 
<b)Thc rciultant ficld i* £^£^(-6.485x10' NC)/ + (-2.813x10* SC + HWxlO 1 N.C)j. 

íi + í, -(-6,4X5x10' N.Cn : -(1.95xlO* N.Cjj". 

l'A u t atk: E l is (envard *f, «ince ^, ti negalive. /: : . ix dirccied auay fiom ^. . since ^ is pcuitive. 

21.35. iDEVnrV: Apply con»iant accclcmtion cqoaiHHTt to thc moinm of thc electrón. 

SktUp: Lct *xbc totnc righland lel+ybc dowmvard. Thc electrón moxci 2.00 cm to thc righi and 0.50 cm 

dowinnKL 

KXKt'liTK: L"ic thc bocimntal motion to fínd thc time wben thc cieermn emerges from thc ficld 
c -0.0200 m. a w - Q,v Pl - 1.60x10* m/*. x- a^ » v Vt t +4*/* gtvtf» / -l.25x 10* s . Sincc o\ =0. 

^«IMídnfm/s. .y - y # » 0.0050 m, =0,/ = IJ5*IO^*. y-^a^"**' jr ghi» i* ( » B.O0- 10^ m/s 
Thco v-Jif + i¿ -1.79x10^0/1. 

EvAl.t'AfE: v ( *v #1 pvc* a f s 6.4 vio" nn i a > . Thcclecinc ficld betweco me piale» ix 

„ m («.UxIO^kgK^xIO 1 '!!* 1 *'! M , „ _ 

£ = — 1 = 1 ^ 364 V.'ro . Thw w not a wry brge ftcW. 



i>nd| l i* ISO - un I fS_ |-1269^ Thw 
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21.36. lotivnt^ : Use Ihc componcnls of £ from Kxamp&c 21.6 (o calcúlate ihc magnitude and dirccikm of F . V 
F — qE to cakubtc ihc fwvc on tlte -2 .5 oC charge and uw Ncwion's Ihird law for the Ibrcc on the 
-8.0 nC charge. 

SETlTp: FrornExampk21.6, £-(-11 N.Cli +(14 N.<r>¿ . 



E\l.í t TI. 



0-L2H* countcrclocki*tic from ihe 

h .i /-/.... FMl7.8N/CH2.S*IO + C)-4.45*lO'N.ai 52 Q bekwihc 1 1 MÍI 
00 4.45*10 ' Nn 128* countcrciockwue from the 1 1 ■ib 

Ev ALIATE: The forecs ín part (b) are rey» ubi ve *o they ate along the line ctmneetmE ihe iwo chaiue* and in eacb 
cose ibe forcé « direcied a» ay from ihe charge thal exerb» i\> 

21.37. Ide.vtifY and SKT IJp; Tbc clectric forcé isgivcn by Cq< (21 3Y TIh gravilational forcé i* n;-m,g. Conjure 
theso forcé». 

<■) EXOMC: h; * (9. 109 v 10 11 kg)(9.80 m* J > ^ 8,93 y 10 " N 

In foamplcs 21.7 and 21.8. £-1.00x10* NX. so Ihc elcclric ibrcc on the electrón has mauniludc 
F t -(g|£ = ^£-(lM2xlO 11 CHlÜOxlO* N.C) - 1.602* 10 11 N. 

**™* n " H .SS7*W» 
F e 1.602*10 N 

The gravilalional Ibrcc i* much *ma)ler Ihan ihe eieciric fbrec and can be ncglccted. 
... ¡J/. / i j mi: - 10 " Qfl.OOxlQ* X.CH9.H0 mVr- 163x10 14 kg 

EVAl.t'ATR: m rs rnuch largcr than m . We found in parí ta) thal if m - m ihe vm ilational forcé is much smallcr 
than Ihc clectric forcé < [Ji* Ihc same so the elcclric forcé rcrnaini the same. To gct w Urge cnough toequal / . 
the masi muit be made much larger 

<c> The elccIrW ficld ín the región betwccn the p Lites i* unifomi so the forcé ¡t cxcris on the charged object « 
rndependent of where belween ihc piales the objccl ¡s placed. 

21.38. iD&vnrV: Apply consiant accclcnition cqoaitom to the molkin of the protón. £ -£l|q| . 

SVttt A prolon has mas* at, -1.67x10 * kg and charge La »* be in the dircelion of motion of the protón 

£- *aO16OmXl-67xl0 J? kB> ^ |4(t 
(1.60*10 H CHl.S0xl0**) J ~ 

<b> v, »Vn. r -2.13x10* m/t. 

EyaI.í'ATE: The clectric ficld ts direcied (rom ihc rxiShvcly charged píate louard the nccati\cly charced píate 
and the Ibrcc on ihc prolon tí abo ¡n ibis direction 

21.39. iDtvnFV: Frnd theanglc that r makes with the u-axiv Tbcn r = \c<nt>\t * \s\n0)j t 
SkfUp: \anQmyfx 

4c>üm -'J-íí_j«1.97 rnd-112.9». r--flJ9í*0.92^ iSecood quadranO 
EvaIXATE: Jn cach cascue can wnlv thal r n a unil \*ecior. because r r = I . 
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1 i AiK KDDflwa The nct forcé ancach eltargc muit t 

S»:t ITP: Thc forcé diagram for ihc -6.50 ¿iC cbarge b given in figure 21.40. F¿ b ibc toree exerted on (he 

charge by (he umform clcctric fwld. The charle »s negative and ibc ficW i* ti> (he righL 10 ihc forec exerted by i 
licld b lo the lelt. /* b Ibe forec exerted by the olhcr poinl cbarge. The two charge* ha ve ttppoxitc vigti^ 10 ihc 
forcé b artraclivc* Takc thc <x axis lo be to (he hghL as %hown in ihe figure, 
EXECUTE2 (a) F -|g|£-(rUO*IO*CKi-B5x|rV N.C) - 1.20x10* N 

r 1 (0.0250 rn) J 

¡£H -0 give* r + F -F t -0 and T-F t -F =JH2N. 
<b) Non* F v i* to (he left, unce tike cbarge* repcl. 
^F -0 give* 7"-F -F t -0 and r- F t +F^ « 102x10* N\ 

EVAJ.t'AYE: The tcnuon b much larger when both cbargci have thc same iign, «o ibc foree one cbarge exert* 
(he olhcr b repulsive* 

y 




H|Un2UI 

21.41. EDDfim and SKT Ur; t -. É in lo. (21 J|to calcúlate $>f-md to calcúlate <r. anda 
cquation tocakulate Ibe final vclociry. Leí *xbcca¿l. 

<■) EXKcim;: F ( -|fl|F-(l.602xl0" rt C)(L50N'C|- 2.403*10 **N 

^■^■(ZMxir 11 NM9.l09xlO" kg>- * 2.638x10" mV 
v fc «+450x10* m/j.a. s*163&xl0" mi 1 » 1 , x-x. = 0.175 ra, »? 
tí + 2d 4 (í — x,) v É = 6.33x10* m i 

EVAl.l'ATE: E b wc*t and q b ncgativc* *o F t* easl and ihe electrón *pccd* up. 
Ib) EXECliTE: = -(Ló02*l0 CKI.S0NC)- -2.403x10 N 

fl( «/;/m -(-2403x10 NXT1.673XI0 1 ' kgJ--W36x|0" mV 

« + 1.90* lOWs. ií, --1.436x10* rR'* i .x-x u =ti.J75rn,r 1 «7 

*í =v¡ t + 2d,(x-x c )give* v t = 1.59*10* rv* 

EvAJ.CATE: í>0»Fh wt ti and ihe protón *lowi dmo. 

21.42. lofcvittY: Coulomb'* law fot a ¡tingle poinKhargc givei the eiectrie licld. 
<■) SET Uf: Coukimb * law for a point<hargc ii £■ 1 1 - 4**, )q * 

EXECUTBt 5- (9-00 x lO'N-m^Kl *60x 10 " OlLSOx 1»** m) J - 6 + 40 x l(r** N.C 
4b) Taking ibe ralio of ibe eleelrie fiekls give* 

fi'W""** lO^XC^LOOx 10*N.C)-640> I0 ,6 iime* ai tirong 
EvaI.VATE: The clcctric ficld lAiibin Ibe nuelcuN i* huge cornpared to i)plcal laboraiory ñcldt! 

21.43. Iokviiít: Calcúlate ihe clecIrK fieW duc to eacb charge and (índ ibe vector *um of Ibetc two ficldt 

Sit UP: At noini» on ibe Y-avb only the x componcni of eacb fiekl n non/cra. Thc eketríe field of a potru 
charge potnU away from (he cbarge if ¡t b pcuiiivc and toward it if ¡t b 
Ex£(TYE: i ji MallWay bem^cen the lwo charge** íl - <i, 

1WFflr|x|<*, £ - ' í g - g .1— ^ " 

. -If f . f V «f 



Thc crapbof if venus x b ^ketched in Figure 21.43. 



21-u < hjjim :i 



EVAIX'ATE: The mjtjnitiíik 



oí the Ikld anproachc* mfmiiv 



oí ihc nuim tiharscí 



21.44. loüvnFl': Vos a noint cbarge* - i 



Fot thc ncl elcclnc fiekl to be xcuk É. and JT muit bive cuual 



nugnitutkt and opptHiic direction*. 

SKT I r: Let ^, ■ ?0 + 5ü0 nC and ■ f£*QO nC. £ U kward a negalive charge And away from a potilivc charle 
RXJXtiTE: Thc twochargc* and Ihc ihrcctioru uf their clcctríc lie Id* ín threc rcgtont are *hown in Figure 21.44, 
OnJy m región I) are (he two clcctríc ficlib in oppotitc dircciionv Consiocr a noint a di&iancc .v from ^ , *o a 

nC 



dBbun 1.20 m- .YÓom £s£im A— — . . 16*' = (1.20 01-*)*. 4* = ±(i.20ai-*l 

^ OM-xf 

and v - 0.24 m i* ibe poxitive *olui»n. Thcclcclric fieid iizcro al a point bctween ihc twx* chargci* 0.24 m rrom 
thc 0.500 nC charge and 0.96 ni from Ihc ROO nC cbarge* 

EVAl.t'ATE: Thcrc n on\y onc poini along thc linc coonceling Ihe lwo cbargci where thc nci clcctric lícld is /ero. 
Tru* nnnt i-* cloicr to thc charec thai hai ihc imallcr macniiudc. 



i 





* i2m * 

(*) 

Figure 2 M4 

21.45. IdevhfY: Eq*(21.7)givc* thc elcclnc fickl of cae h r¿oinl charge, ü« thc principie of ¿upcrpcuiiion and add ihc 
elcclnc fieid vector*. In pan ib» me Eq*(2l.3) (o calcúlale thc Torce, using thecleciric fieid eakulated in pan i ji 
4a) SET Un Thc placcmcnl of chantes ñ tketched in Figure 2 1 .45a* 



=#3 

« r, 



Ktjture 21.45» 

The clcclric llcld of a point charec is dirccied away Irom ihc poini charec ifihc charuc i* po*itivc and loward ihe 



punt charue lf thc 



n negativa Thc iragmiudc oribe elcclnc fickl U £ = 



, where e U ihc d i*tanec 



bciwccn thc poinl whetc thc fieid U calculaled and Ihc poini charge* 

(il Atpomlalbcficld* É. afq. xtdÉ.afq, are dirccied ai %hown ¡n Figure 21.45b. 



Ebcinc Chargc and Electric Ficld 2U5 



1 4**>r£ (0.600 ror 

£^ = 449.4 Nt\£ (i =0 
£*. = I24J¡N'C£ ;í ¿0 

£ t£ Jt = +449.4 N-C+ 124.8 NC- +574J »C 
£,=£,,+£,,=0 

Thc reuliant ficld 4t poini 4 ha* itngnihxlc 574 NC and i» ¡n Ibe ^.v-dircction. 

( ii > Skt l Tp: At poinl b thc fieid* E, ofa. andfc". o|tí are dircclcd a* sfcwnin Figure 21.45c. 



^<0 
Fís^re 21.45c 



tx^r; (1.20 ni)* 

£, » J_hl = ( H.9H8 k 10* idW l 5Q °xlO'C ^ 280.9 NÍC 
1 tx^TT '(0,400 ni)* 

f^=l2.5 NC.f^O 

£, » + £ J( = *12.S NC-ttftJ NC- -268.4 Nt? 

Thc rcstuliant ficld at poini b ha* magnítudc 26S N.'C and <** in thc *** -dircction 

f iti) SCT UF: Al powt c ihc ficW* E oía andÉ , of^, arcdirccIcda*.slKwn¡nFigurc2l.45d 



■ 

ta >ci 



EXECUTO hl^<S.9SHxlO'rj pi^C 1 ) 100 " 10 S = 449.4 NC 

4*^ r/ (0.200 m| 

' V ' (1.00 m)' 

£ i = -449.4 KC£; ( «0 

-t44.9N. 1 C,£ ii -0 

£ ít » -449.4 N'C * 44.9 N.C - -404.5 NXT 

£,«£„+£,, .0 

Thc rcMiliant ficld at poini b has magnítudc 404 N' C and is in thc - j -direction. 

Ib) Si.t VPz SÍtkc wc tuve calculatcd E at caeh point Ihc Mmn&cti way lo gct ibc forec » h> me F - -r£ 
Bmu i MU (i) FM16O2*ÍO**CH5742*CC1=9.2O*10' T N. -t-chrecixin 
(ü> £ = (1.602*10 " Cn26MN.C)-4J0*10 * T N. *<-direcl*>n 
(iü) f = (1.602^10*" CK4O4.5N.€) = 6.48xl0 11 N. +x-d¿rrciKin 

EVAl.t'ATE: Thc general míe Ibr clcctric 5eld direction u aw*v fn>m positive chargc and tmvard ncuaiivc 



Whcther thc ficld i% in ibc * t- or - .v-direction dependí on whcic the fvlá point i.% rclativc (o ihc charge 
that produces thc ficld. In pan (al thc ficld magnitudes werc addcd because ihc ficld* werc in thc *amc direclion 
and in <bl and (c) thc ficld magnitudes werc aibtractcd bccauic thc hvo ficld* «ere in oppo&ilc direction*- In 
parí (b) wc coukl nave uicd Coulomb** faw lo find thc Ibrccs on thc cketron ikjc lo thc hw charec* and then 
idilcd thetc forcé vector*, but usinc thc resultan! electric ftcld i* much ca-iicr. 



21 16 (Tmplrr 2i 



21.46. Ipcvnrv: Apply "i to calcúlate ihe ñchl due to each charle and then require thal ib: vector mm o fthe 

two ftddü lo be /ero. 

SKT UP: Tbc tlckl of each charec i* dirccied loward ihe charge if it n ocgalivc arxl away fram ihc charuc if it ti 
positive . 

E\i:í< tf.: The poinl where the two ficld» cancel each other will nave to be cloicr to the ncgalivc charge. 
beeau»? ¡t i» unallcr Abo* ¡1 can'l be between ibe lwo charges* «iricc Ihc twt> llclcb would ihcn acl ¡n Ibe ximc 
direction. Wc cernid me Coulomb* * hw to calcúlate ibcaclual valúen* bul a smplcrway ¡1 lo nole thjl ihc K 00 nC 

charge ii twvcc ai large a* ibe -4.00 nC charge. The /en> poinl will Ihcreforc tuve lo be a factor of v'- fatther 
(rom Ibe S 00 nC charle íbr the two tlckl* 10 ha ve cqual maunitudc. Calhng z the düilanec fram the -4.00 oC 

charge: 1.20 + *- J2r and j -2,90 ra. 

Al.tATE: Thñ poinl t% 4. 10 m (rom ihc S Oí) nC charge. The two ñelcU at Ihi* poinl are in oppo*ilc dxrccttotut 
■un) have eoual nucmiudc*. 



2 1 .47. lutAllH: 



El . The net fiekl 1% ihe veeior 



□fine tvMi iíuc tu each L ¡; L ! . 



>n Ip: The decirte fickl of a necame charuc u ditccied loward Ihc chatre Lalvl the charge* <j¡ and */ . ai 
thownin Figure 2 1.4 7a. ThU figure alio &howi addiinnaJ dutance* and anglev The elcclric ficld* at poinl P are 
thown in Figure 21.4Tb. Ihh figure aboihow* incn coordínale* we will use and the a and y componente of the 

tídifc¿,£ 1 and¿. 



E -£,-<» 99 * 1 0* N • ro'-C 7 1 



• 10* C 



tu Uttmi 



-4.49*10' NC 



£■=4.99*10* NC 



£* ■ (8.99x10* NV/C'V- 

(0.0600 m? 

£,=£,, ■»■£,„ +£ it «0 ud +£ J( t£ J( »£ J +2£ l co»S3.l*=IJM-l0 T KC 
£-1.04*11» NC, loward ihc -200 i*C charge 

EVAl.t'ATE: Thex-componenUof ibe ficUkof all threc charge» are in the 





(#) (W 
l : ¡Kurr2M7 

2J.4X. loüvníT: A penitive and ncgairvc charge* of equal magnitudc ^. are on the vm\í^. a distance a frorn the oríguv 
Apply tq.i 2í .7i to calcúlate the Jicld due 10 each charge and ihcn calcúlate ihc vector *um of ibcse tlelih. 

Sm UP: £ due loa nomt charge is direcied away (rom Ihe charge ¡f il ü pmilive and dtrected toward Ihc charge 
if it it negalive. 

EX>X'UTE: <u> llallway heiwcen the charles, both licldi are in the ~.YHlircct¡on and . L .' ^ "'' in ihe 

4. T<1 tf J 



-x 



ih) £ 



4 4«I<d + rf (a-x? 



for a-<-ú . £ i* graphed in Figure 2L48. 



Eteciric Chatre ¿nd Electric FicJd 2U7 



KvaIXATH: Al poinls en thc x jai* and heiween thc chtirgcs* ii in thc -♦r*dircctian recaude ihc tic lita frurn 
büth charge* are ¡n ihix direction* Por x < -a and i > +a . thc ftcld* frum thc iwo clurgci are ¿ti opptwtlc 
thrcctiwt* and thc tidd írum thc cUhct chatjzc i* larger ín imgniludc. 

«i 




Iíffurc2L4S 

21.49. lofcvnKV: Toe clcctríc ftcld «fa ptwitivc charge isdircctcd radial ly outward Irom ihc charve and ha* inaumiudc 



ll»c rcmltant clccrric fickl i* (he vector uimof thc licldi of Ihc individual charve* 



SKT VPz Thc pdaccmcni of Ihc e 



11 fthown ¡n Figure 21.44 




Figure 2Ij0i 

KvmiK: (u) Tbc dircctionN thc t*u fickl» are tK*wn in Figure 2L49b. 
ngnre 21.4% 

Ib) The nvoficW* have ihc drrection* *h*™n m Figure 21.49c. 

: i - h i ■_ ■ ■ . i :. 



Figure 21.49? 

4a% (0.150 m)' 

" Ax^lT (0.450 ra)' 

É~= £, *■ £¡ - 23% + 8 N>C * 266 J \C - 2660 N.C; £, - *2260 N.C. E . -0 



2M8 1-hjptfT 21 



(c> The two fickls h j\v ihc dircctions 



m lwc:i.4W. 




0.41X1 m 
O.SOQm 
OJOOm 
QÜQDd 



osoo 



i ta 



r«.mui0*N -«Ve*) 



ZL4N 



6.011x10 C 



■ J37.1 NÍ 1 



E ,.JJ*! 

t, - IX = -£» - -337.1 N/C 

■ *£ 2 «»0 - 4(215 J \ C"«i)MXii - *I29.4 N.C 
E fc ■-£ i «n0--<2l5,7 NCK0J0Q1--I72 + 6N.C 
£ % = E u + E 3t ~+%29NfC 

iT, = = -317.1 NC -1716 NC --5I0N-C 

t *hown ¡n Figure 2 1 + 49e + 




-510 NC 



:¡ir. ¡ 



-3.953 



4-129 

7 ■ 284 0 C» countciclückwiác fiom * .y*uxh 



Id) The twofidd* huw ibc dinxiions ibown Ai Figure 21. 49f 




0»»/ 



D200 m 
IHO m 



, sn:i 



Eleeinc Charge md Mcctric Ficld 2M9 



The componente of ihc iu« ficld* are *hotvn in Figure 2M9u 




**** 



i k 



4Ttr 



£, M&mWO'N-nVtt^) 



ft.OOw 10* C 
(0250 mV 



Figure 21.4% 

í ( = coa A £ i( - *£ a coitf 

£,=£,♦£,,=0 

£; r ■ +£ ( *¡o0. £ aí - tf.wnff 

£,*£,, -2E U -2£ mi- ■' :■ R62 • N : :." RO . *ft l VC 
£ » 1 3*0 N C in ibe * > -dircctioiv 

EvaJX'ATE: Point íí i* *ymmctiieall> placed bctwccn icteniical charge*. m *ymmctry tclU ui the clccine ficld 
muu be wro + Point d í* lo Ibe righl of botli crorge* and both eieclrie ficld* ate m tbe • *-d¡rccUon and Ibe resulUnI 
fícld b in thb dircelwo Al poini c bt*h ficld* b*vc a dommid componen! and the ficld of q¡ ha* a componen! »o 

tbe rigbL *o ihe ncl £ i* in ibe 4ih quadrant, Al poinl ¿bom fchfa have an urm *rd coit^oocnl btil by s>niniclr>* 
úwy have cqual and oppoiiic -t'Componcnix *o the nct ficld i» in Ibe M-dircction* Wc can un: thb sott of rcaAoning 
ti> deduce ihe general direchon «f the ncl ficld bcfnrcdoing any calculaliom 
21.50. Ipfcvnrv: Appry Eq42l.7)tocalculalc Ibe ficld dueto caen charycaiidihcncikulatethcratoriümofihp^ílcldí 
Skt UP: Tbe fickUdue lo tft and lo ^ are ¿kclchcd in Figure 2 1 * 50* 

1 (6.00x10* C) 



■ahui : 



_ J-í)--15Qi N'V . 

4>t«. <0 + 6 mi" 



— <4JM*10* Clí ! — r(0.6001i : + ¡ — rfOXOO*/ 

4n i 11.00 mi' fl.OOmV 



E-E + £ ; -<-12M KOí + (2HJtN.C)j . £-J<l28.4 N.C)' f +(28.H Np 1 -1J1.6N.C 



-12.6^ iiK^ethc -va.\n. atid 



l J 28.4 

EVALUATE: £ i* dtreeied toward a 



ü, n negative and £. Udirccicd awav feom <j. beeau»? */ ih poxiiivc 




Fijture 21*50 

21.51. iDEVnrY: The remitan! eieclrie íieid w the vector *umof the ficld £, oiy and£ «f*/ 
SErUFS Tbe piacemcni of Ihccharges i* *hown in Figure 21.51a. 



til X* m 



Huirc 21.51» 



21 lú Ch* P ttr2i 



EXEOiTE: (a) Tbc dircction* of thc fiekl* are shown in I igure 2L5lb 

I tal 




El -ISMxIO" X m' C J ) 



100x10 C 



£ ( - £ j - 2397 NC 
Figure 21.511» 

£^ --2397 NC £,, =0 £* = -2397 N€, £ a , =0 
£,=£,* £ Jt - K-2397 NíC) » -4790 NC 

The ranillan* cicctric fwld al pomi a in ihc %kcich has magniiudc 4790 N C aml « in thc -T^hrcetinn 
(b) The dirccttcttth of thc rwi> fícldi are *hown in Figure 2131c, 



Figure 21.51c 

ü- ' bl-ff.mxitfx.-^^^.awiic 

4^ #¡* <0 + l50 ra) 

" (0.450 ro) J 

£ 1( = +2397 NC. £ 1( ^ 0 E ¡t = -266 NC, £ í( «0 
f ( i£,tfi, a +2397 M<C - 266 N>C - +2 1 30 NC 

Thc rcsuliant cicctric ftcld al potnl b in thc sketch h* mugnitudc 2130 N C and n io Ihe *x dirccltoa 
(O Thc pUccrncni ol'ihc charge* i* ibtmn in hvurc 2L5ld 



. rt 0 300 m 

uní? 0.600 

0300 m 
. 0.400 m 




Figure 2i.sid 

Thc direcbont of thc two fícltb m show» io Figure 21.5 



*¿ 1 



í.>0 



4^ 



£ i -M>W3*Wtf'N m'^C*} 



6XK)x]0*C 



10.400 mr 



£ -337.0 N I 



£.^ 



£ v -(&9gS*lO*N m J iC ; ) 



k00x10*C 
(0 5«i mv 



£* -=215.7 NC 



ngtMt xuit 

fc^ftf^-f, =-337.0 NC 

— ^«nf—pIS.? NCK0 600) & -129.4 N C 
£ lr = +£ J co*tf = <-(2157 NC)(0.HK>) = *l72.ó NC 



Eteciric Charge ¿nd klcctncFwld 11-11 



£, = £„<■£*. --129RC 

£ ( ■^^■-3I?ANC *172.6NXT = -L64 

The Hcld £ and n* componen!* aíc dvwi in Figure 2LSLT 

■.;in., 

-164 M'C 




-129 N C 
c* ■ 232°. cuuntcrcbckwiic 



id) The r 



K¡uiirv2l.>lf 

oíthc chatue* t\ Jn>wn m Fieure 2L5lg, 





i 


4 


0,23 




V 

V 

s 0.25 


— 1l¿ 




>■ 












ofthe tw^ 


licUbar 





ka— 




ft200m 



0250 ni 
0.150 m 
0.2M n 



0.600 



> H 

5^7 



(0.250™»' 

£ ( *H62.8 M 



Figure 2L5lh 

- -2(862 í NC)(G6G0) - -IMt NC 



£ ( = £, 



£ = £ 



£ - 1040 VC. in che * t -director** 
EyajX'ATK: Tbc decirle field produced by a choree i* 
*\*in Exetciic 21 45. wc can unc Ihi* rule te* deduce ibcdircction 
irrv cakulation»* 

ghl wire, £ ■ — — . 



■ ■: iway from a poulive cturge 
field Jt cach poinl beforc doaig 



21.52. liit.Mlt\: F*>i n 



ÜP: 



4.49k 10" N- reTiC 1 . 



Km.c i tk: v 



L5*1C'*C/ 



EvaIXATE: fcvdpoüilclurge 4 £¡xpntrximflniil h> lr\ Un 



!one siraichl line of charec, *V u r*i»p*xi toral lo i r 



21-22 (TiuptrrJI 



21.53. lofcvnm Appiy E^<2l JO} Ibr Incluirte Üncof chargc and £■ íbr the inJimic hrtc of cbargc. 

ÜPr Fot thc mfinitc Hnc of posilivc chargc. E \% ui thc ta dirccljon. 

(it) Por «i Iuk of charce of Icncih 2# ccntcrcd al ihc oilcln and hinc alone trie v-üxm. ibc clccu>c fícM 




ih vi ven by Eü,í2 l . 1 0): É = 



Ib) l'or an infirme tinc of chame: A* = i . Graph* of clccuic ftcld versu* pmihun for huth dblnbulioiu of 
charle are shown in figure 21.53. 

EVAIXATE: l'or wtiiill k. cióse lo Ihc lincof chargc* ihc fie tí due tu tltc Imite linc aporoaches Ibai of Ihc infinite 
linc of chargc. A* v ¡nercases. (he licld duc lo Ihe infinita' line fall* offnmrc slottly and n (arucr tban ihc fie tí of 
ihc Imite tinc. 



1 








1 T IL H--. 

finir 


















YV 

















ih: 



■ 



FÍ|bn2L53 

21,54. jt Ijuimiiy: Thc fícld is caused by a finiic umformly charged wire 
Skí Ite Tbc fieW for *ueh a wire a disiancc a from tt% midnoint i* 

( 18 J)x 1 Ü* N * nv r *C ; )( 1 75 * Íü~* Oni) 



'■M/.1H*:in 



3.03 ^ 10 1 N.C. direeicd umard 



USan 

Ib) IDEVTIFY: The ficld i* cuised by a uniformly charged circular wín 
SKT Ite Thc ficld for such a wire a dislancc v from its midpoint is E ■ 



0" 



«tí tot ür-Uthi: radiu:, 



of Ihe curie nsing 2nr ■ /. 

I \> t i n : Solvíng for rgives r - r72x - (K50cm^i - 1.353 ern 
The chargc on thu eirele p@ - Jf*-(l?5 nC. m*(O + 0K50 mi - 14.88 nC 
The c Iceme ñeld is 

I 0t (9.00«10*N m í .C í KU.Wtxl0 , 'Cm)(00600m) 

, **^(? + fl*J CT [(O.06OOmV%(O.DI353ro) í J J 

£-3,45x lO^NCupwarcL 

EVAJX'ATE: ln boih caies* Ihc fieidsarcof thc same uréter of magnitudc, bul thc valúes are different because Ihe 
eharge ha* been bcnl inte* dillcrem shanes. 
21.55. lufcvnFV: For a ring of eharge, Ihcelcelrie licld isgivcn by liq. i 21 KJ. F = <¡E . In pan (b) use NciMcm* Ihird 

law lo reíale (be forcé oo Ibc ring lo thc forec cxcrlcd by thc ring, 
SEflte p-<U25*lQ*C\ ü-0025mand t ^ 0.400 m . 

<b) F - ^«-í - ,»^»^2J0xlD*C)(7JWC)í«ll.75xl(r i N|r : 

EVAI.I'ATE: Chuce* i' and Q havcoppositc *nm. so ihe forcé thatd cxcris oo Ibc rínc i* atiracavc. 



Electric Chargc and Electric Field 2J 2J 



21.56. iptvnFY: \Vc rmitf use Ihc appropriale clecitK fícld formula a imiformdütk Jn a ring in(b) becaute all thc 
chante ii along thc nmof ihc d¡*k* and a pomt<hargc ¡n le) 

UjsVtllp: ririt fínd thc «utfacc chargcdcmity<P ^^ thcnu*c thc formula fot ihc fícld duc (o a di*k o I charro. 



EXEOiTE: Thc surfacc charge dcittity i* <t - — =-^r- 6.50x10 C _ [ * 10 C/m 3 

A xr* *{{M}l25mr 



J24*IO*C/m J 



' 2<. J ( jí;i) ! >1 2t8JtSxlO-C^ nó 



l- 



1 .25 ¿ni 



:.i.m 



* l 



£■.-1.14*10 NC.toward ihtcctiterof Ihcditk 



imStiTUP: foranngol charro, me iwidi* £ 

I'Amitk: Sutetituting inlo thc clectric fícld formula vive* 



Oí 



I 



p.OOx 10* N m'.C- H6.S0* 10 v CK0020Ü m) 
M00200mr r<OJ>125 mi 3 1" J 



E - X 92 - 1 0* N C\ tow atd thc cemer of ibc 
ÍOSKTUP: for a pottt charge* ¿x^ )g . / 

EXECITIE: E -<9TO* I0*N m : i<T)(6.50x 10 "* C )' (0.0200 ra> : - L4t> * 10* 
(d) EVAIXATE: With thc ring, more of Ihc charge ¡* farther from /Mlun i*iih Ibc dük. Alio wim Ibc 
component oí thc decirte fíeKJ parallci lo thc plañe of thc ring t% grcaicr than wiih thc ditk, and ihU componcni 
crack. Wiihlhcpoint charro rnícL all thc fícld veclor* add with no canee llauoti. and all ihc charro bcJowtg 
potnt P iban in ihc other t™ case* > 
21.57. Ideviify: By ¿upcrpcuiiion wc can add thc eleeiric fickk rtorn rwo paral kl *hecb of charge, 

Up: Ibc fickl duc to cach *hcct of charge ha* magmiudc a 2c, and u dirccied itmani a «hcci of negative 
and awav from a *heet of peaitive charge. 
(a) Thc rwo fícldi are in oppo*¡ic direction* satdE - 0. 
Ib) Thc two fic*d* are ¡n opncHitc dircelions and E - 0. 



lc> Thc fícld* ofbolh 



h are doumvard and £ - 2 — - — , directed dowmvjrd 



Eyammtk: Thc freíd produced hy an mlinilc *hcci oí chupe i.% unilbrm* independen! of diMancc fn>m ihc 
21. 58* loEvnFY and S*:r l*p; Ibc clcctnc field prndiiccd hy an infinite ¿hcel of charro with charle dcn»¡ty trhai 

magnitudc E ■ J=L Thcficld h directed tow-ard roe í*ccl if ii ncgalive cbarge and ñ mv ftwn thc %hcct if it 

ha* piHitivc charro 

FJUX'tiTE: (a)Tbcficld linc* are Nkctchcd in Tigurc 2I.5&1. 
ib) Thc fícld lrnc%are iketchcdin l igure 2L58b. 

EVALUÁIS! Thc ipaeingof Ihc fichi linct indícales thc ídrcrtgih of thc fícld In parí <a> Ihc lwo JícIün add 
heiwecn thc *hccit and %ubtract in thc rc^ion% lo ihc leñ «f A and lo thc right of ft. In pan tbi thc oppoiilc \% truc. 

A M A ñ 



l<¡)tu re 21.58 



O) 



21-24 Chaptfríl 



21M. 



21 Al. 



IdevttfV: Tbe forcé on (he parttclc Jt any point is atways langent to ihc decirte field Une ai thal poittt. 
SET Ir: Tbe invtanuncous vclociiy determine* Ibc path of Ihc partick 

Emiíitr: lo Fig*2L29a ihc fickl linc* are struight Une* so Ihe forcé is alw ays in a siraight line and vclocity and 
accclcration are always m (he «me dircction The parttclc nuw in a straighl hne along a fickl line* wtih 
incrcasing speed tn Fig.2l.29b ihc fiekl Irnes ate curvesf A* (he paniclc rnoves iis vclocily and Accclcraiion are 
not in me same direction and Ihc trajcciory docs not follow a field line. 

¥-\ AU ATE: In lwo- dimensional molton Ihe vetocity is ata ays tangcnl to Ihe itajccmry bul the vclocily is mi 
atauys in (he dircclion of ihc nei torce che partióle 

lOEvrwv: The field appcurs like that of a point charle a long wjy from ihe dtsk and an minute shcel elose to the 
disk's vencer Tbe field i* symmcrrical on (he nghi and kñ. 

SKT I r: For a positÍYC point cbarge* £ is proportionul lo Iv'and is direeted radially nurward. For an infinite 
tbcct of posrtivc charle, ib: field u unilbrm and is dirccled away from Ihc shcci 
I-Aii i j i : Thc i ■- II: is sketebed in Figure 2 1 .60. 

EVAI.CATE: S'ear ihe dcsk ihe field bnes are paral Id and equally ¿paced, which correspondí to a uniform ficld. 
Far from ibe disk ihc fickl linc* are gctiing farther aparu corresponding (o Ihe I dcpendcncc for a point charge. 




Figure 2 IA0 

Ipevtwy: L"se symmctry lo deduce Ibc (tature of Ihc fickl lines. 

(■) SCT UF: The only disióiguishablc dircclion is loward ihe linc or away from tbe line* so ihe clcciric fickl 
lo (he linc of charge. as shown in Figure 2 1.61a. 

i i í i 




Figure 21 AI a 



Ib) l'Aii i ii and t.\ ate: The magruludc of (he clccinc field « imerscly proportional lo ihe 
ñeld lines. Considera circlc of radius/ wiih Ihc line of charge pastmg through (he cerner, as shown 
Figure 21.61b. 



afine 




niturv2l.*lb 

The spucing of field lincsis ibe same all around ihc circlc and in Ihc direelion perpendicular (odie plañe of (he 
circlc thc linc* are cqually ¿paced* so E dcpetHls only on ihe ihstancc r. Tbe number of ñeld lines passing out 
LhiDUgh ihc ore le is independen! of the radius of Ib: circlc. so ihe spacing of (he field linc* is nroporikinaJ lo thc 
reciproca I of ihe c «cumie renee 2xr of tbe cinrke. Henee Eu proponicml lo I / 

IdevtteY: Field lines are dirccled away from a pi»iti\-c charge and (on + ard a nccalive eharge. The density of 
Hcld lines is propordonal lo Ibe magnirude of Ihc clcctric 5cld 

Skí ITp; Ibe tiekl lines repre«ent ibe resullanl ñeld al each noinL (he nei Hcld Ihal is the vector *um of thc fíclds 
due (o each of (he ihree charecs 

EXKt'tiTE: (tt> S«ncc Iveld lines pass from nosilive eharges and loward negatiw cbarges* wc can deduce (hat ihe 
(op charge is posiiivc, m*ddlc rt negaüve 4 and botlom is posiiive. 

ib) The elecir*: field is the smalk%l on (he horiton(al linc ihrouuh ihe muidle eharge, at tn h o posiiions on eithcr 
side tthere ibe tiekl lines are teasl dense. Itere (he icon^onents of ihe fickl are cancdlcd hetwccn (he positive 
eharges and ihe negad ve charge caneéis ihe .Y-component of ihe ficW from (he (wo posilive cbarges. 

al i atk; Far from all ihree eharges ihe tieU » (he same as (he field of a point charle equal lo thc algcbrakr 
snm of Ihe ihree eharges. 
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21.63. (■) li»K.\TIF¥ andSETUP: U*c 1a| <2I 14] m reíale thc dipole momenl lo mecharle 

tcpanihun ti of thc twochargc*. The dircciton i* frotti thc ncgaüvc charge toward ibc poiiiivc charge. 
EXECIJTE: i»-f«<*(43xlf^CXXI*tr 1 «)-M*H C The d¡«rtK» of ^ i* Iwmv, toiwrd^ 

íb> iDEVtlFV andSETUr: Uve Ecj< (21.15) ta rcUtc Ihe magnitudes ofihc (arque jad fíeld. 
r - aGémé* with 0 a*dcfincd m Figure 21.63. *o 



PDDÍ 



Fii*ure 21.63 



KV AHí ATE: Eq.(21.l5) gire* tbe lorquc aboul an through ihe cerner of ibcdjpolc. But thc forcé* on thc ovo 
chacee*, form a couple íPmblem 11.53) and the torque u thc ame lar any axis parallcl to thii one. The forcé on 
cach charge is and the máximum moment arm fot an axii at Ihc center ¡* ¿í-'2, so Ibe máximum lorque is 

2|b|/;Ht/ 2>- F2* 10 ' N m. Thc tinque for Iheomntation of Ihe dipole in the problcin j* fc** trun ihb 



21.64. faj UkEMtEY: The potcntial cncrgy b given by Eq.(21.17). 

SET UP: Ui+} -pEcotj, where ¿ i* Ihc ¡ingle betwecn> and ¿. 

EXHTIE: parallci: 0-Oand VW\--pE 
perpendicular and L>(W)-D 

AÜ=ü(9O , J-tf)rF)=p£-(5.0*l0 * C mHl.6xlO* N>C)»&0*10'* J. 
M 3(1.381x10'*' XK) 

EVAl.t'ATE: Qnry at wylow ten^craiurcs are me dipole* of thc molcculctiligncdh) aficldof ihü*trcngih. A 
much larccr ftcld would be rcquircd for alicnmcni Jt mom (emperaturc. 

21.65. iDEvnrV: Follow the procedure *pecified m part (a) of ihe problem. 
SetIJP: Uscthai \»d. 



EXEtiTE: W 



tv + dflf-U-dfl)* lyd 



ti 



-d/2i*~iy+d/2l* tf-dW [p^FW '* ***** 



E 44— . r . ,.Sincc r J »tf>/4, £ * 

ib) For point* <*i ihc - r*axU , E i* m the ' v direelion and E> i* in the -r dircciton Hkc tlckl poinl i* ckucr to 
-^,so thc net íicld i* upward. A «imitar dcrwalkm give* . £ ha» ihc orne magnitude and utrectio 



ttbere y » d jn «Itere y « ~d . 

EVALUATE: ffalbotTIikc 1<V for a dipole» whiehb fatícr Ihan the 1 1 r J for a poinl charge. Thc total charge of 
thedipok t% «rro. 

21.66. iDEvnm Calcúlate ihe eleclric fieid due to the dipok and tben anolv F = a£ . 



SETUP: FrtmiExampfc 21.15. JS^W = 



EX>;ctTK: 6>17xlD — 4 | ] y ]^ .Ihe eleclric forcé U F-qE- 
w 2ír^<3.0x|0*m) J ' 

(1.60x10 ** CK4 IUI0 4 N€)^ 6 58x10 " S and 1* lti*anl ihc w n . 1: .^uk- inc^atnc t d«ectKm> 

EyaI.í'ATE: ii in Ihe direction of p t w> i» in Ibe *,v direction. The charge ^ of the ion n rrcgahve. to F in 

directed oppoiilc to £ and is iberelbre in Ihc — 1 direelion. 
21.67. Iokvtuy: l_ikceharee% rcpel and untikc eharges attraci. The torce inercasc«a« the diitance bei 4 * 4 een thc c 

SET Ir: Ihc :\>tvc^ on ihe dipole ihai t% be (uceo the ¡tlanicd dipolct are tketched in Figure 21.67a. 
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EXKtiTE: The are artractive bccauic thc » ojkI -charles ofihe lwo chpolc* are cloic*t. The forecs are 

iuwatcl thc «larttcd dipoks so have a nci upward componcni- In Figure 21 -67b. adjacent dipolc* chatres of oopositc 
tign are clo*cr ihan chargci of ihc unw *¡gn mi (he atiraclm: (orce* are larccr than thc repubive forecs and Ihe 
di pota atiracL 

K\ Al t atk: l-ach dipole ha* zcro nct charge, bul bccauic of thc charge ¿eparation there i* a non-itero foree 
bciwccn dipoic** 



(•) (» 

Figure 21.67 

2). 63* IdeMIFY: Find thc vcclor tumol thc ficld* duc to cach charge ¡n Ibc dipole. 

Ski I r: Apoint do Ihcr-axi* with coordínate x i% a dittance r ■ ^{díiy tí' from each cbarge. 

I'.vii i j j ; (j) Thc irngniludc of Ibc fickl thc duc to cach chante i* ^ - ^ f i ■ > 

where d ¡* Ibc di*Uncc betweeii thc iwo charge*. Thc v ton^twni^ of ihc focvcsduc (o Ibc i™ charge* 
arccqual and oppmjtcly directedand %o cancel cachother. Thc two fickl* have cqual r-componentv, 

*o£-2£ --^-j L— — |*jnr7.whcre 0 ¡¿incanglcbclcwlher-axü rbr bolh íickU. míp0= ■ 

«d ^*f^Y ,-J|. J l.S V t — ™-<Theíicld«thc -rchrecUon 



[b>At lanjcx. x J >>(rf/2)\»lbcrtr»rt**<»o io pjft (a) reduce* tothe appnttunatjon £^ * 
EyammTk: Examr^21.l5*hoivi that al poinbon thc * v axis lar from thc diñóle, a ^ . . Thc 



[<in in pan ibi tur pmnt* on thc x axis has a similar forni. 
21.69. Iokvtií'v: Thc lorquc on a dipole in an clectric ficld ¡s civcn bv r = j»x£ . 

SU Uf: r = p £wi(> # wberc <¿ n thc ancle bctwccn thc direclion of > and ibc direction of £ 

fiXKOilE: <»)Tbclorquci**cfo*ncn f » aligned ciihcr ¡n ibc.wmc direciion * É « in thc (WWTirc 

direction. a* *h»wn m Tigurc 2l.69i. 

ih) Thc slablc orícntalion i* uñen j» it alicned in thc mm^ direction as E ♦ In tbb caw a *ma)l rotalion of thc 
dipok resulta in a torque dirccied *o a* ta ht\:v¿ p hack into atignmcnt wiih £ - Whcn p tí dirccied oppcuilc to 

í , a *mall di^placemcm rc*uh* in a lorujuc ihai uLc% p fariber froni alignmenl wiih É . 
<c> Ficld lines íbr .'.'_ r . in incitable oríeniation are «kcicbed in Figure 2L6°b* 

EVAI.I/ATE: Thc 5c Id of thc diñóle t% dirccied from ihc * charge lowanl thc - charge. 

£* 




w 

ngbre2Li§ 

21.70. iDDfima Tht pialen pcoducc a unílorm cleciric ficld m thc spacc bciuccn ihcm Thi* fickl exert* lorque on a 
dipote and give* it poicntial cncrgy. 

Ski l T r: THc ctccihc fickl bchvccn thc pialen i< given by E -^X, and thc dipole momcnl í*/> — có* Thc 
potcntial cticruy ofthe dipok Ajc lo thc fickl ii V - -p É - -/*£co*¿ . and thc torque thc ficld exem on jt » r 
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■ j ■ Tbc poicotial energy. t r - -p E - -j>£cm¿ , i% • 
ihc pUte* u / it < gjvmií 



whco¿- lKO^Thcf*ldbciwccti 



«7^ -<1.60* 10 "CX220* IO*mKl2S * IO fc GW). 1 (8.S5 * 10 * : t^.N * ní) - 4.97 * 10 '*J 

The oricniaiion i* parallcl lo ibc clcctríc ncld {perpendicular to thc plato*! wtih thc poMiivc charuc of ihcdipolc 
towatd thc poiHivc p1¿tc. 

<b) Thc torque. r ■ /r£ fin á Ü a máximum vvhcn & - 90* or 270 a , lo lh¡* cafe 

6(1.60x10" C)(220* 10* m)(l25*10 * Grn í )-'|h\*5xl0 l! C 1 íH*m*) 
Thc diñóle n coenicd perpendicular lo Ihc clcctríc ftcld iparalkl lo (he píate* i. 

EVAJ.CATE: Whcn ihc potential cneryy k j máximum, ihc lorque mero. Inboth cate*, ihc net forec on thc 
dipote t% reto becaute ihc torre* on thc chante* are cquaJ bul oopositc (which would nol be Iruc ín a noouojlomt 
clccirW field). 

21.71. (a) li>KMirv: Utt Coulomb-'*; law lo calcúlale caen íbrec and then add tocio a* vectitn. lo obiain thc ncl forec. 
Torquc if forec lime* mnmcni ami + 

Up: Ihc lwo Ibrec* on eaeh charuc m thc dipc4c are *hown m licurc 2 1 ? la. 



¡)ppo*itc eharge* aittael 



■.\m te: /. - l^— ¡ v 



F¡ *-^f*nr?--M26N 



re 21.71a 

w'l „ (5.00x10* CXIO.OxlO* C) 



(0.0200 ni) 



- I.124> 111 N 



F 1( a-842*6N»F - /■'.*/■;.- -16K0N lio ibe duecuon fromibe *5 «» ;♦< cbarge toward ihc -5.00 ¿X 



EvaJX'ATE: Toe v-coroponcou cancel aod thc i -comnoncni* aekl. 
IbKSKT TJP: Rcler lo Figure 21. 71b, 




Thc r*componcntf nave /tn> roorocni ano and 
therefore jicto toruuc* 

F. aod F both produce ctockwiíte lorquc*. 



rlj¡ure 21.71b 

r 2(4 K0.0150 m) ^ 22 J N nv ck>ckwbc 

EVAIXATE: Thcekctric \\c\d produced by Ihc -\0QOiiC 



■ nol uní fono so E a 12 I. 1 5) don ooi apoly 
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21.72. iDEVnFV: Anpfc F-*J^l! íbr 



Si:r I r: Like 

21.72. 



ana lind thr 
í act. The three 



thai ¿i, and i{ c 
Ibrcct on ffarc*hown 




<*]ii» tT , 



V; 



fj 



IÍ¡d»re2L72 



w 4 ■^-g. W xl t fN-^ <5 WX '^^" D r'' r * C> -l^^ C. 
/i (0,0500 mi 

fa ^lwJ-^ltf H-dtf Q-l^xIO- C. 

' 1 (0,0300 m)' 

*S*"0» F ÍT »-F í --lJO«IO J N* F ( «F^ + = 8.63* IO~* N . 

K +F* t *MíxlO"* K+{-L20xl0~* PÍ> a -5-52*lO~* N. 



Ib) F -JfJ~+F? -\.Q2x\0~* N. Ian¿- 



- 0.640 . ó - 32.fr 4 p below thc » t axn 



EVAJ.CATE: Thc individual íotvcs C4i oj are tomputed from Coulomb' 1 law and thcn jddeda* vtvt**x unm: 



21.73. <a» ImimifY: Us: Coulonib*i law 10 calcúlale thc Ibrcccxcricd by caeh O un q and add thc*c focee* ai vectora to 
lind me rciultaoi forcé. Makc thc ^proximation v»i/ and compare thc nct forcé lo F--kt lo deduce i and 
ihen f -(\J2jrhfk % m. 

Sm I r: Ihe platvmcni of Ibe charra ii .thown ¡o Figure 21.73a. 



Kipirv 2l.73b 



J 9£ 



I o£ 



(tf-a:V 



'i 



* 



¡?>0 



Ftaav* 21.73a 



F^E+F^ and fL-*^^— * 
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Sincc *« a wc can ujsc ib: btnonual cxpuation Ibr O -xfa) ' andfl ■+ ri'al ' and kccp onlv thc firsi iwci tcrois 



(l>r> al + it;. For <l~«.'ff) r - -iíi and a - ¿ w . i >j i "> l i ~\ lj I oí \\ - x lü . ¿--.ra and 
%o (I * xSa\' «l-Zxfa* Thcn f * 

moiKtn /* ■ -£t and thc rrccnicncv of owiUaikm is / - M Lt Iv* ^ Tbe net forcé berc ¡* of thb fbrm* with 



^ 1— — 1~ [ 1* — ¡j = ~ [ ^\ \ x ' Foriimplc harmonic 



9G 



Ib) Thc forcciand thcir componente are inora ín Figure 2L73c 




Thc A*comfiorK*ntf of thc forcé* exerted by ihc rwo charge* cancel* Ibc _r componente ackL and (he ncl torce b Ín 
(he * y diteciion when v > Oand in thc -\ dirvcinm w hen v * 0. The charge rnoves away Irom thconcm on thc 

r*aaj* and never rcturnv 

EyaI.I'AYE: The dircclktoi of me forcé* and of thc ncl forcé depeod on where q i* localed tetan ve to thc oiher 
kwo charles. In pact (a), /■" - 0 ai \ - 0 and when ibc charge ^ i* displaced m thc ce -i-dircclkm ihe ncl forcé 
a rcMoríng forcé, dirocted to rctum ^ lo r - ií. Thc cbarge oscillaics haek and fortín similar lo a ira** on a sprint: 

21.74. iDUIIim Apply i Oand -0 tooneof lhc*phcrc*- 

SeF UP: Ibc frec-body diagram n *kcichcd in figure 21.74. ¡* thc repuUiw Coulomb (bree bctwccn thc 

iphcrci* For email 0. \ú\i> * 



EXEOJTK: ZF. -riintf-F.-Oand - TcosíJ- mg = 0. So 



2T 



1 2^í|ñ¡5 

FA'AJX'ATE: J incrca.*c* unen g 




Rflñ2L74 

21.75. iDfcvrwY: l.*e Coulomb*% laxv for ihc fttrce thai one iphcrc cxctt.s on thc oiher and apply thc Ití ccodilion of 
equilibritim lo onc of ihe sphcm 
jiShITp: The placcmcnt of thc sphcrei » sketched in Figure 21.75a. 




21-30 (TwptíTii 



The rrcc*bndy diaurums Ibr cach tphcrc are given ¡o Figure 21.75b 





Figure 21. 7£b 

f\ i» Ib: rcpuluvc Coulomb forcé exerted by onc sphere on ihc uihcr 
Ib) EXECLTE: Fram eithcr forcé diagram in part la): 5*/'' ■ f»a t 

rcoi25.0 r -*if^0and r 



cot25>0* 

I'.—. 

r*¡a 25.rj» - - o .> , .1 /; - r«n 25 v 

U«í thc fínt equiiion 10 dinunatc fin ihc tecond: /" -( Mg> coi 25.0* )( «in 25.0* ) - m£ tan 25 0 : 

F . 1 friffiL I g' m J q : 

* 4*^~P"~ 4*^r* 4*^ |2(1 20 m)m»2S.0 0 T 

Combine thb wilh F -mgunZS.O 1 and cci myian 25 J i —1 2 _ 

* 4*f u (2<l*20 m>»n25.0°J I 

M140m)«2S.0> fr*"*"* 



7* (2.40 mitin 25.0* 



50*10 1 kn 1(9.80 mV Irán 25.0* 

til rl ^ 2 JO* 10* C 

K.9NSx|0 v N ■ mnC* 



4c} Thc «cpnnilittn bctwccn ihc luo «phere* ta given by 2£*intf. q - 2 J0>C a» found in rwt (b> 
/; =(l 4ff^)^ ! '(21tin^|' and.*; *«tin0 Thua (l'4^)^/(2¿nn^) 1 -Mjfian^ 

1 »' ■ ÍK9S8-10* N-m'/C 1 ) 

**% 4£'nn í 1 4(0.600 n) (liDif 10* luj|{9.fiOmV) 

Sol ve Ibis cquition by nial and error, Thw will guqukker if we can iraké a good csinratc nfthc valúe of 0 ihai 
%t>Ive* ibc equaciorL Fot 0 «malí. tanf?*«in0. WiihmÍsapproxirmiionthccqu4tÍonbccomei nn 0-O.3A2S 
ind tintf ■ D.693ft «o tí 43.9". Now refine tho gue«: 

" «uV0ian 0 
4SXT 0,5000 
400* ft3467 
39.6* 03361 
39.5* 0J335 
39.4* 0X3309 *o 0-39.5* 

EVAl.t'ATE: The expresión in pan<cl saya 0 -* 0 a* £ -> r and 0 -*90* así. -* 0. When¿ in decrcated frorn 
(he valué m parí |a), 0 ¡ncrca*c«. 
21.76. EDUflW: Apply -Oand -0 locacb sphere. 

Stn UP: (al Free body diugramt are given in Figure 21.76. ^ it thc repubive efociric forcé mal onc sphere 
exch* on Ihe other. 

KM P ai ll <bl r - mgf co*2Q« - 0.0834 N.wfi r»n2iT - 0.0285 N - (Nene: 

r - 240.500 m)iio2Cr ■ 0.342 m i 
m From pon (fcfc M. = 3.71 * 10 M C*. 
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íd) The cnarce* on tre sphere* are made cquil by conncctinc thcm wtih a wirt. but we ¿lili have 
*ni£tanr7- 0.0453 N - ji— ¿- . where p -< But (he «eparamn r¡ Uknown: 

r* & 2<0.500 m)*ín 30° -0.500 rrv Henee; g-S-lSL* ^Jx^Fr/ -UlxIO^ C Thb equatioa along 
wtth that frorn pul <ci give* tu two equainra m f, and ^ .. : :4 i'< i and v*/ » 3*71* 10 11 C. 
Uy clunination* tuhtfitution and after *olvmg ihc rciultmc quadnitic cquabon, »c find: - 2.06' 10 * C and 
ft-LS0*IO v, C. 

EyaIxaTE: Allcr thc *phcrc% are conncclcd by thc wirc. thc cbarge un *phcrc 1 uccrca*c* and ihe charge on 
tphere 2 mercases* The product of ihc charlee on thc sphere mercase* and thc thtead makc* a lamer ancle with thc 




21.77. lD£vnrV and Sur l*p; Use Av**gadro** miraba to find thc number of Na and Cl ¡on* and thc total posítive 
and necative charge. lJ*c Coulomb** law lo calcúlate thc dcciric forcé and F — mm to calcúlate ihc accclcraiion 
(■lExirirtC: Thc number of Na* ion* in 0 100 muí of NaCI ti N "nW A . Thc charge of one ion i* *r;«olhc 
total cbarueii 4 ■a¿V A *« (O 100 mol H 6.022 * 10 *>™ mol ni ,602 k Lll C ion} -9 647x 10* C 
Thereare thc «nv number of Cl ion* and cach has charle %o a. - -9 647)- 10* C. 



F= _!_M =(S9Sl »^ N . m ^ t tqM? - |g '? =:.w.io» n 

4x* (0.0200 mV 

(bfff-/ mi Xccdmernauol OJOOmolof Cl loa» ForCL .W - 35.453*10 ' kgmol.w 

« = (0.100 niol|IJ5.453x 10 ' kgrnol 1 !- 35.45* 10* kg, Thcna^ — - 2*09*10 N s ^ m% iqí 
K n * ' ^ m 35.45-10 'kg 



4c) EvaIxaTE: Js i* not reasonablc to have «xh a huge rbrec The nct ch arces of objeett are rarcly larger ihan I jjC: 
a charge of ICrC b imrnenxc* A *rna)l amount of material contara* huj^r amounl* of poiitivc and ncgatixc charget* 
21 .78. iDEVtiFY: Foc thc acederation (and henee thc forcé) oo pto be upward* ai mdicuicd* thc forcé* duc to :i . and l; 
muit havce%)iul stTVt^thv *Oi?, and g ; mu*l have cuital magnitudes* J urihermore, for thc forec lo be upward. q t 
muit be poKitivc and q¡ mu*i be negalive. 

Skf Vn Sincc wc knou h thc accclcraiion oíQ. Mewion*% iccond law givci u* ihe ntagniiude of Ibe íbrec on ti 
Wc can theo add rbe forcé componenu uiing F - cwtftf iv cc«0- 2/-^ co*0 Tbe clectncal forcé oor^is 



Kivcn bv i ou«imh\ [ja, / - i for fi ) and lüVcytfc for a*. 

EXFXUYE: Fbit find tbe nct forec: F -ma- (0X10500 kgM^24 m i') -LÓ2N. Niow add ihc forcé 
^niponcniv calling fihc anglc bet^cen ibe Itne connectíng q¡ andd; and Ihc lincconrkectingiyt and O 

F^F^cm0*F í ^coí0m2F í ^co%0 «id F^ / 2 ^5 ero ' 1 ! ~ 141 K-** 0 "****» 

2 lXOTcrr7j 

«olvtng for 9, in Coulomb'! law and uic thc fact ihai q % and q¡ tare equal magnitudes bul oppo^itc 
4^ 



21-32 (Tmpitr 2i 



EVAIXATE: Simple reasoning altara ui fim lo conelude that ^ and q¡ must ba\* esiuil magnitud» bul upo™** 
*ign* H *bicb make* ihc equation* much ca*icr ci> icl up (huí ifwe had tried lo iolvc ihc pfoblcm ín the general 
caxr. As p aceelcrale* and henee movett upward. ihe nucrutudc of ibe acccleraiton vector wtll chance in a 
compbcalcd v»ay + 

21.79. iDiivnFY: Use Coulomb» law tocukulate thc forcé* beiwecn pair* of chavccc 4jhI *um thc«e forcé* as \-cetor* tt 



(a) StrrlTP: The Ibrce* are sketebed in l'icurc 21.79a. 




ExecLTC: F^ + F,* € t *o Ibe net forcé uf-f 



4*M£ V2) ' ~ W 



. awav (rom (he vacant córner 



ngdn 21.71* 

h :■ Mi UP: Ibe -oto* are iketched id Figure 2 1 *T9b 




EXErilt: F 



Tbe veelor m of í¡ and f[ i* F ti -JF t ¡ + Ff~ 



Hjtiirr 21.791» 



F-F +F 



V 



F. and are in the *amc dircetion. 



Jí * — j, and i* direcied toward the cettter oflhe *quare 



u 1 *¿ízv i 

EVAJ.CATE: By %vmnvtrv the nel lorce h alona ibe diaconal ofihe Kiuare> The nci Ibrcc i* only ibfhily larger 



when Ibe -3^ eharge i* al the cerner* I tere ¡t b eloser to the cbarge al potnt 2 bul the oiber i*o forcé* cancel 

2UW. IhKvnn : l *e Eq (217} forthe ckeiric ftcld producid by cach point charge. Appty the principie of 
*upcrpo*ition and add the IklóS as vector* to fínd thc net fleld 
(■)SrrUF: The ftclóHduc to cach charue jjc *hownin Figure 21.&0a* 



r- **** 



7— 



H K ure2UÍi>a 



Electric Charge and Electric Fkld 21*33 



The 



ot'ihc ficM* are viven in 1'igurc 2LH0b- 




2*\ 



1 ' 



ixt,\a -j Ají'» 




1777)) 



4»! 



I - 



1 * 3 



, in (be - Y-djrcoiion 



41»» *»« itnphc* d : >V«l«id(l + fl , / í r i ) 1I *]-3ff , /2r'. 

4^7\ { 2?)} tai? 
EVAIX'ATE: £ - i V Foca point charge E — l'x* aikI Ibr a dipole í - i i J The toUl charge i* /cro*o 41 
large dblancc* Ihc clcctríc fie Id ihoukl decrece fa*tcr wiih dittancc ihan Ibr a poinl charge- Uy *yrnmclry í rou*i 
lie along thc vaxiv whieh b tbc rc*ult wc Ibund in parí (a). 
Z1.KI. iD&vnFY: Thc ¿malí hag*of pntfon* behave likc poini-mauc* and point-ehargci *inee Ihcy arccxircmcly far apan 
SKTlTp: Fot po mi- parí k lev wc me Newton *s formula for universal gravitalioo [F - Gm&tfr ) and Coulomb'* 
law, TK: number of protttnt u (he ma** of protón* in thc bag divided by thc ma** of a ¿ingle protón, 
EXECVTK: U) (0.0010 kgi.(L67x 10 : ' kg>- 6.0- 10 ^t.^v 

ib) Umcie Coulomb'* law* uhctv thc *epataiit*i i* hvicc h thc radiu* of ibc canil tve nave 



- 19.00 * 10 N* m'.'C M6XI x 10* * L6Üx 10 C|"«2 x 6J8 x lOm» -5.1 x 10 N 



(6-67* 10 "N*m J lig'H0(MH0 kgl* (2x6.38 x |<f mF-4,1 x 10 N 
<ci EVAIXATE: The ekctrical forcé ("=200,000 Ib*) b certainty Urge cnough to icei. bul ihe gravilational Torce 
clcaily b nol *incc it b about I0* J time* weaker. 
21.K2* lotivnrV: Wc can trcat ihc protón» ai prnnt charcc% and u*c Coulomb* % bw* 
SETUP: (a) Coulomb'* Uw i*F - {VAjet^faq^r*. 

EXEíTTE: F-(9,flD* I0*N< m^t^KLAO» I0'**C)^2.0m I0'*mi-58N- 13 Ib. wbich beertainly largc 
cnough lo fcel 

ih) EVALt'ATE: Sometlung musí be holding Ihc nuclcui htgeihcrby oppo%ing thU cnormttui repubion. Thiiii 
thc ^Irong nuclear forcé. 

21.K.V Idkvtiít: EMimaie thc ourtiberof piotons in thc tcxibttok and from thú fmd Ihe nct charge of thc icxtbook 
Apply Coulomb"* bw lo find thc Torce and u*c F aA ■ uta to fmd Ihc accclcralion. 

Si:i Ir: XVnh ihe mw of thc book about 1 .0 kg. moit oTwhich ii protoa^ and neutrón*, wc ñnd thal thc number 
of protón* b ^<l 0 kg>/(l,67x 10 11 kg)-J0x|0 1 \ 

EXECliTK: (a)Tbechargcdincrcncc prcicm iTlhe electrón** charge wa* oTihc protón'* k 

«(lOxlO^HOOOOOJHLftxlO M C) = 480C. 
Ib) F-A(Af)7r'°A(4K0C)V(S0ro)'>ftJxl0''N 1 arhlurcr^ 
fl'f/nslÜitclO" N)/(l kg)-RJxl0"m/i 1 . 

EXCCUTE: (ck Evcn Ihc *hghicsl charco imbalancc in imticr unmld Icad lo c*plo*i\c rcpubion! 



-l.fU, |pg.\nFT: The clcctríc fíeld exert* cirual and onootilc fbrcci on thc two IxilK. causing thcm lo xwinu.away from 
cocb other. When ibc buJU hang siaiionary L they are m cquilibríum so (he Ibrecs on thcm (ckcthcu], gravitaiionaJ* 
and tención in (he .slring*) muil balance 

SKT ITP: (a) Tbe farec on thc Icfl hall ¡* in Ihc dircclton of thc cketríe fíchi so il muil be posiiivc, whilc thc forcé 

on thc righl hall b oppouic to (he clccine field. mi il rrnwt be negative. 

íbl IMIancing hoh/onial and vertical Ibrces gives <fE - fsm 02and ju; ■ Tcos #2. 

EXKCUTE: Solving for the angte 0 givcn 0-2 *Ktan(qEmgY 

«)AvE-*<*.0-*2*n:trt*)~2(nt2)>-n-\W* 

EYAJ.t'ATE: If the fíeld *ere Urge cnough.. the gravlialional forcé would nol be importan!, %o Ihc Mhncs would 
be horúonuf 

21.85. iDfcvnrv md Si:t l>: Use ihe dcmity ofeor^per to calcúlale the numbtr of mole* and then ihe number of atom*. 
Calcúlate thc rwt charge and Ihcn uic Coulomb** law to calcúlate thc forcé* 

KUUIW <») m-pV -/^i*/ j-(K9*l0 4 lcgm')(l*J(l.04i*IÜ * m) A ^3.728*10 1 kg 

. - M i ■ k72»*10* kgj<(63 S46>10 1 kgmol) - S.S67x 10 * mol 
IT-rif* -15x10* «BN 

<b> jV - ( 29)(3.S x 1 tf' ) = LO I S * 1 0 a ciectroro and protón* 

"i. =*\\-{0.9WHeK, =(0.100x10 ^1.602x10" cKLOlSxitf 1 )^ 1.6 C 

r* (IDO»)' 

EVALUATE: The arnount of positivo and negative charge meven irnall object* uimmcfisc- If Ibe charle oían 
eleeiron and a protón wcrcn*i cvactly cquaL objecbt would have large net charges. 

21.86. iD&vnFY: Apply conMunt accclcraiion cquai»om toa drop lo llnd the accclcration. Then use F ■ mi? lo ñnd me 
loree and F - \ÁE to ñnd M 



1 1 1 : Let D ■ 2.0 cm be thc horizontal distanee the drop iravcl* and a ■ OJO mm be ita vertical 
Laccmcni Lcl *v be horizontal and in the dircciion from thc nozzk loward thc paper and leí 'y be vertical* in 
thcdtrcction of Ihcdcílcction of Ibe drop. *j - 0 and a t =a . 

Fr*i, ihc nuu of thc drop: m-/rf'=(IO0Okg/m É )f d * (l50 * 10 m 0»|.4lxl0 " kg.NcM.ibc 



ofíligbl: / = D/v ^ (0.020 ml/(20 m*i ^0.001 00* , d = l<rf ? . <i*~ = ^l^}^^ ^ 600 mf%* . 

Thcnd^^/Mgiv^^^ 

' H ' * V ' H.00*lO*N/C 

Ev Al t atk: Sincc */ 1% potilive me vertical dcllcction i\ in thedirection of Ibe clcclric ficW. 
11.87. Id^\iu\: Eq. (21.3) give* Ibe forec exerted by thc clcclric ficld. Thet forcé i* contlanl niñee ibeelcclric fickl i* 
umform and givc% Ihc protón a eon^ant accclcroiion. Apply the eonsiant acccleration cq\iai>om for ibe x- and 
»■ componente of the motíon. ju%i a> for provecí) le motion. 

<■) SCTlTF: Thc decirte ñcld U i^i^anl *o Ihc clectric forcé on Ihc potitively eharged proion » upward and ha* 
magnitude F - *E> U*c coordinatci where posiiivc y isdoxvnward. Then applying ^* F ■ nnr to thc prtrton gi\«* 

that it - 0 and ií r = -eEfm* In these ctfordinaics Ihc ¡nilial vclocity has componen b( %\ - h;,coict mi 

v t m miiw. a$ ihown in Figure 2I.S7a. 




Etccinc Chargc ¿nd I l«tric Ficld 21-35 



EXECUTE: l'mding A..,: Al r - h. r . ihe ><omponcnt ofihc vekwity i* /ero 



7~ 



-v>ui : g *m;>hV 
^•~2(-c£/*i)~ 2*£ 

(b> Uk thc vertical rnotuin tu lirid thc time t r- r^-^ >*, = v,*ioa, a t - í »? 

Wiü. ,-* = 0thí*givc*^-^ 

a, -*Etm tE 

Thcn u*c ibc HWpM rnutitm ti> findd: a = 0, * Jj a ticoso, i ■ 2mr l *in<r/c£ i i-^cj = 7 

, ■ m í 2jn\^ma ' m _T -- : ■ i - - . ■' 
*-*-V+t-V rf-r.o^—^—J. \ E 

[<) Thc trajccttiry <ff thc protón ¡ssketched ¡n Figure 21.87b. 




. I 



ÍJ^OO)«lO s in l *l(«n30 + 0 , *jTil .673-10' kg| 
id) Uw thc expresión in part {at A fcfc ■ ¿ i -0.4IK m 

|1.673xlÜr ,: kgH4.00MlQ* m>sVft¡atfMI* 
U*thce\rwwioninrorirtn: rf-i , n ■ ■ = LR9m 

EVALUATE: tapan (a), a t *-r£?m - -4.K* |i> L> m 1 * 1 . 7b¡* U much larger io magmiude thang. the 

due tugravily. *oit U rca&otublc tu ignore gravity. Tb: nxitioa i*)uit likc prefcctile mution. cxccptihat thc 
acccleration isurnvard tather ihan duwnttird and has a miacii difieren! magniiudc. A u and d mercase when 

a oí Vj incrcasc and dccrcaic when £ mercase*. 

IJ.HJí. iDEVnrY: E t ■£!, + £¡, . Use Fq.(2l.7| for Ihe dccrríc fieW duc tucach poini cbarge. 

SkT UPi E A direcred away frorn posilive cbaruc* and luward nccalive charcev 

EXKCUYE: (m> í.s+SIOHfC. £ » 1 KL|H.^9xl0* N-re^) 4 ' 00 * 10 . C -+99.9N;C. 

4*^ *¡ |0>6D mi 

£ ( - * E lt , n £,. *£.-£;,* +50A NC - 99.9 N>C ^ -49.9 S'C Since £ ¡t u negatíve, «, rmifi be 

Ib) £ - -50.0 N><T. £ (í - ^99.9 N.C^mnut (a). E u — £ ( — E tt » - 149.9 N. C . ^ b n»ain c 

b,|,jyíLJ l49 - 9NC >' l ^ m f a 240..0-C. gl= -2.40. l O-C. 
r i (l ^t.) 8.99-10* N-mX 

EVAl.t'ATE: i/ wixild be prartive ¡f £^ ttvre positivc. 



: J '. [. ' ■ \ . \ : Divide the charae di&Uirwtion inlo 
bd intégrale to Und ihc loial fickl* 
1*p: The chante of a sevmcnt of Icngib <ii i* -<ÍJ jfcir . The distante beiwccti j 



segmenue of Icngth ¿fr . Calcúlate £and duc lo j 

ii i and 



f i* útr-í. (I - y) * 1 * y wtoen M« I - 



la) JE , 



- ID IT - 



o* 



I . Mí £ - 



4Tfc (íTÍJ' — X) 4-TÍ 



2(1 i 



r 4íí ü+r 



4ff< f tt\X — 4t X 

EVAIXA1E: (c)For r»ár f F-^m-ff/x) *-l>-^£<1<-tí/j*»—l)a^a— !— 22 . (Noce thal for 

a* r 

x»a m r— a-ír*a\) Ita charge dblribution look* Uke a point charge from far a»ay t so the forcé iakc% Ihc focm 
of Ihc focce bcrweeti a pair of point charge*. 
2 ) .90. IdevtiFY: L**e Eq. (2 1 .T> lo calcúlale (he eleeinv fie W duc lo a xmall ilicc of ibe line of charge vid intégrate ai 
in Example 21.1 L Use Bf. <2I J)t» calcúlate F t 

SktIIp: Tbc clectric íield due toan infinitesimal *egmcnl of the line of chante ts skclchcd in Figure 21.90. 



r+j 



Hgpn 21.90 

Slicc the charge diitributíon up inlo sirull picce»of lengih<rV. The charge rfp In cach ú ice is dQ-Qidya) The 

elccinc ficld thb produces at a diitanccr along thex-axii \\dE> Calcúlale the componente of dE 
aver the charge diitributíon to And ibe componente of the total freíd. 

tf _ I ( dQ )_ Q ( dy 

4^1 »'*r j TrZdtv f/ 




O» 



^7 



í£, = -J£ 



Qr 



j** 2 r_ i _ r _ g f i _ i 



Ib) J 



(c)Forx 



■ JJl- " ■ - J 



ff\x a 



27J"^T-; r T' 



EIccinc Chargc and FJcctnc Ficld 21*3? 



EvaJXATE: For x»a+F «F. aod F*|fU ^ ■ and F n in the -r-dircction. For t » thccharac 

dulnbution O acta likc a point chargc* 
21.91. lofcvnFY: Apply fcq.<2l.9'i fnwn foamplc 21.11. 

UP: a - 2*50 cm . Rcpbcc £ b>* J?|* Since Q \% ncgitivc. É i* loward ihc linc ol chargc aad 

1 |g| f 



EnflITB - 1 « *- 1 J.<-7R»N*)Í. 

4t* * tf - tafc |0 100 míJíOJOO mí 1 * (0.025 «f 

tb> The decir*: ficld « (han thal al the *ame dtaUacc ftoni a point chargc <8I00 MC>. Por Urgí y. 

Chai:' .. . |] n . ..ii ■. 

<c> For a 1% diftcrcnce. wc nccd Ihc firsl térro in ihc cxpontHin heyond the poini chargc rcsult to be Icju than 
0.010; ~ ? a0.0]09x^£r^/<2(0 k 0L0))-0.O25^L/0.0209x*OJ77irj. 

EyajXATK: Al * ~ 10 0 ern i part bK ibe exael residí Ibr Ibe Une of chargc i* 31%*mallcr iban forapoinl 
chargc* It « sensible* thcrcfbrc* that ihc diffcrcncc ta I Of ó ai a sotnc*hai largor di&iancc. 1 1.1 cm 

11.92. IdevtifV: Tbc eléctrica! torce ha» magniludc F and ü atiracirtc. Apply -uta loihccarth. 



SktITP: Fora circular orbiU a*— .The períod Til .The nuss í*t thc carih ta «», -5*97*10** kg. the 



.i:Kt radiu* of ihcearlb.ft 1 .50 * lü 1 m and ii* orbital períod ta ¿*U6xlO s . 

HXJXl TF' 



K4^_ i5.*?*lfr kgH4**HlS0*IQ m> ,^ |tf?c 
ir V lH>99* JO N m'.C"KXl46x ID *r 



K\ u*t A íi ; A vety large nci charle would be rcquxrcd 
21.93. iDfcvnFY: Apply l;q(2I IIl 

UP; <T-g^*g,'rf. (l + y 1 ) 1 '*l-//2.i*feen y* «1. 



4.00pC;><0 + l)25mr 



í (0.025 m] 1 Y''*! 

l-J- -rtl I = 0.89 MC , in Ibe **r dircctioiv 

\ (0.200 m)' J J 

(c> TheelcelrK ficld offa} ta le** than Ibu of ibe point cnirge 10.90 MXTl since Ibe firxl coneetion term lo Ibe point 
¿hafuc teMilt n neuatite. 



iú) For x-0200ro, the petvcnl diHcrence ii — 0.01-1%. For v -O lOOm. 

EVAIXATE: The ficld «fa di&k becorncielcner lo ihc fiekl of a poinlehaige a» Ibe ilutante from thedUk 
[iwrcawsAI í-l0.0crn. Rtx- 25% and the perceni difference belween *c ficld of thc di^ and Ihe fieldof a 
point charge n S%. 
21.94. (DtMit\; Appty the procedure qiceiJWd in the pritblem. 



21-38 Chuptfr2l 



replacc -xwilli v. ThM give* J^/^«J^/Ü^+J t 'Ai>fr-2j ft 'A^* 

-xwilh.r.Tfaí* give* J^Jrt*)* - "J*I<J^+ J*lW* ■ * 

<c>The iitfegrandin forE^aroplc 21 1 1 ¡* odd, u> Hl 
EVALtum InExampIc^l.n.^-Obei^^fwea^^^ 

thcrc ¡x a eorrc*p**idin£ intlraiciimal tcgnicni in thc boilom half of ihc Une ihat luí* /-\ in thc oppo&tic catection» 
2J.95. IdevtiFY: Find thc rcsdiant cketric llcld duelo Ihe tax>pointchargei*Thcnuse F -qÉ lo calcúlale thc forcé 
on thc point charle 

SKT Un Use (he resulta of Problcrra 2 L<*> and 2 1 X9 

Ex>XlTfE: (a)Tbe r<omponcnt* of Ihc clcctric ftcldcanccL. and Ihc r Y<omponcni fnwn both charect* a* given m 

4b) IT ib: point charge is now <tn thc v»axii Ib: nalvcs of thc chatre disinbution providc dillervi 
though ¿lili along thc r-níf, a* given ¡n Problera 21.89; F, *qÉ 9 — — 1 — - — ¡c 

4x*, * \x x+af 4x«, a d x x+af 

FAAIXATE: lf tlic charec disthhuicd along thc x axii wcrc all pompear al) negative* thc forcé would be 
proporlional tu 1 in rort (al and ta l'x* ¡o part Ib}* when r otx \% verv largc. 



21.96. ipfcvnFY: Divide thc scmicirclc inio infinitesimal scgmcnis* lind Ihc elccbSc íiekl rf£ due lo cach se 
infecíale trtcr thc *cm¡circle to And ihe lotal eleeiric fickl. 

SeF IjP: Tbc decirle fiekls along ibc ulireetion from ihc Icfl and nghl halvci of ihc *cm*circlc cancel Thc 
rcmaining r*coranoncnt point* in ihc negative \-dircetion Thc charge per unii Icnuth of ihc scrnicirclc n 



EXIXI TR: d£ ^JE^g» Ttasto. £ - *if "' M-^-axSt" m 

thc - y-direction . 

E\ AJ I atk: Tora fidl cirele of ehatgc ihc elcelnc ilckl at Ihc ecnter would be neto. Tora quaricr- ciarle of 
charec. in thc fu vi quadnutt. thc eleeiric fícld al thc ccnlcrof cunatute would have non/em x and y componente 
Thc calculation fot ihc venuenele tx parlicululy simple, hcc&u&c all ihc charle is ihc tamc distance Ifont point P- 
21.97. lotvnn : Divide thc charge disiribution into «nuil segmente* u>c thc poini cnarge formula for ihe eleeiric fickl 

duc tocach unall segment and intégrale over thc cbaxgc dutribuiion lo fiad thc x and r componente of thc toial fie Id 
SET ITp: CiHTÜder Ihc vmall ¡tegment vhmvn in Figure 2t.97a. 
y 

KXECIOE: A small tegmcnl that 

0 has Icnglh a dÚ and 




I adO\ 20 
coBiiáai e harpe dV-\ \Q — — n 

(jxa i* Inc lotal Icngihof thc charge 



Wltmé 21.97a 



Electric Charge and Electric Field 21*39 



The chargc « ncealive, 10 Ibe field at Ibe cdgin ta dirccicd loward (he *mall *cgmcnt* Tnc «nall segment ta localcd at 
mulc uihiwn in the sketch. The eleclrc field duc t« dQ n ¡thown ¡n Figure 21,97b. alongwith ibs componen!!* 

4tc a 1 




Fiitufe 21.97b 



til 



EvaJ.VATE: N"*nc that £" 4 - £ p , a*e.\pcctcd from lymmetry. 
21.98. iDEVnrv: Apply = 0«id - Oto the *pherc. with t horircalal andr vertical 

SkfIjp: Tbe frec-body dugrara tor rite sphcie ta given in Figure 21.98* The electric field Énf fhexhcct ta 



directed a* ¿y from the shect and ha* magnitud: E«— (Eq*2 1.12). 
EXEOJTK: Tf r -0 give* rco*tf-mgand r--í£-. Yp, -0 



¿OSÍ2 

i"' 



2c *í,Mn« 



Thcrclore* ir ■ arelan 



rombininir thc*e lwo cqualioro wc luve - and unrr 

cosa 2t 1 *in<r 2cuiir V^V*Jf 

EyammtF.: Theekciríe fíeldof the sheet. and henee rbe íbrec il exon^fnibc *phcrc. ta independent of the 
dtaiance of the sphere rrom Ihe ihcci. 




Fíjture2L9K 

IdevtiFV: Eoch wife prodixct an clccmc field at /*duc tu a finilc wire- These fickta add by vector atkhtion 



SKT Ijp: Each field ha* niaunituác 



Tbe field duc lo the ncgaiivc wire pomis lo the lefl. while 



iho field duc lo ihe pouhve wire poinl* downward. makinc the t*v» field* perpendicular to each utherand ofequal 
magnitud?* The oet field ta ibe vector mm »l'thc*c iu«. which i*¿f fct - 2£¡ cea 45' ~ 2 * rr-"t Cf> lo 

pan <b). rhe electrical forcé on an clcelron al /* ta*£. 

Ex>:c l TE: <a)Tbcnetfieldw£ lrt - 2—! ■ 9 , 00*45°. 

4*K xJx*+a 2 



2{9<TOx10 v N*m ; 'C , H2.50xlO*C) 



-6.25* lO'N.C 



(0.600 m^íKoflO mi* ■+ (0600 rn) 1 
The dircctiua n 225 ' eoumercloeki*úe (rom an axi* pomtine tu the rl 



¡xiMii^v wire. 



21*40 Oiaptrrll 



[b)F-*f>(LÓÜx 10'" «625 * 10* NO - LOO * ID' 14 N, opposite lo Ihc dircclion of thc clcctric fíeld. 



EyaIXATE: Since thc cfectric fíeld* duc to thc two wire* have cirial magnitud?* ornl are perpendicular t« eaeh 
olbcr. we only liave id calcúlale onc of Ihcm ¡n ibc solulion* 

21.100. IdevtifV: l'ach *heci produce* an clcctric lícld ihai i* indcpcndcnt of thc di-Hancc from Ihc shcel Tbe nci fíeld 
ii Ihc vector mm thc two ficids* 

Skt l'P: Tbe formula forcach ficid is £ - <r . and ihc ncl fíeld U thc vector *umoflhc*c* 

£* — *^L± ^ whetc wc use Ihc * or - sign dependingon whether the ftelib are m thc sameor 

opposilc dvection* and <r t and a A are Ihc magnitudes of thc «curfacc charges* 
EXECUTK: (a) Thc lwo freíd* oppcue and the ftcld of B b itronger than ibai of A. so 

i * n - U9* 10 NCtothcnght 

2*. 2*. 2*, 2(&85*10 ' , C7N m ) 

tb) Thc fíeld* are now in Ihc ¿ame direcuon* m their magniludc* add 

fi-íil.óuQnr 1 °.50u.C'Tn J K2^ - L19* 10' XC lo thc nghi 
IcrThc fíeld* add but now potnl lo ihc lcft\ *o £",^ - II 4 *- 10*N. C. lo thc letl 

EVAJX'ATE: Wecan ¿imptify thc calcularon* by skcichmg thc fíeld* aitd dumgan algebra»: *ohiiHin lirsL 

21.101. iDEVnrV: tlach shcel produce* an clcctric l*cld Ibal ti independen! of thcdislancc from Ihc *bccl The ncl fíeld 
j* Ihc veclor *um of thc two ficfcls* 

SKT TJp: Tbe formula forcach ftcW i* A' - o" . 2* t ♦ and thc ncl fíeld is thc \ce*or *um of ihcie. 

= Zü- 1 °± - ***** where wc use the * or - sign depending on whether thc ficlds are m thc sarac or 

«pposiic direction* and and ít ( are ihc magnitudes of thc turfacc charge** 

Exkc'HTK: (a) Tbe fíeld* add and point lo thc left. giving E tm - U*J * 10* NX. 
<b)Thc fíeld* oppo*c and point lo the Wft.no - LI9* 1*> N t" 
* l K fíeld* oppo*c but now point lo the nght. gmng E M ~ L19 x 10* N.C 

EVALUATE: Wccan timptify thc calculatíoni by %keichmg thc fields and doing an algebra»: wtuikin first 
2IJ02. iDEYnFY: Thc vheeu produce an enxtríc Iteld in thc regHtn belween them which b thc vector sumof Ihc ftcldx 
Irom ihc lwo %heeU + 

SET UP: Tbe forcé on thc ocualivc od dropkt mi»l be upward lo balance graviiy. Thc ncl clecnSc íiekl belwwn 
thc %hccu U £ - a . and thc clcclr>cal forec on thc droplet muM balance gravily, *oq£-m$. 

Km < i tk: (a) Tbe clcclrical forcé on Ine drop musí be upward. so thc ficld ihould point dowrm ard tince thc 
drop is ncgalh h e, 

<b) Thc charge of ihcdropw V so t/I: - mp r . |5rMo-. t j - n»* and 



m ^ m (324x|Q-kg)(»^0m> i )(O5xl0 ,J C J /N m"( _ ^ { ^ 
5|l + 60-l0"C) 



EVA).* ATE: Babncing oil itaplcubcivvccn plates was thc basíx of thc Millikcn Oil-Drop Experiment which 
produced Ihc firvt mcaiurcmeni of Ihc ma» ofan electritn. 
21J03. iDANIWulSETUPa E\amplc 21,12 givci thc eleeirk ficU due lo onc infinite ihceL Add thc tno HcUb a% 
vectQn. 

EXKCU1K: Thecfcctric fieldduelo tbefirsl sheeL whicb n in Ihc aplane, ü E - \<r 2* |í forr>0 and 
^«-(ét/^JÍ forr<0 Wecan wtile thiias £, ^ ¡ z |:|iA xince forr>0 and r/|r|---r--l 

Ibr = < 0. Similarly^ wc can wnle thc clectric fíeld due lo the sccondibcct as = -^^2^ J( t smee it* 
charge densíly b -<t. Thc ncl úcld \%É^É^É l ^{<TÍ2^)[-{xt^í ^(^|r[^). 

EVA1X A1E: Thc elcctric fíeld i* mdepcndcni of the y-componcni of Ihc ficid potnl lince di^ilaccmcnt in thc 
±y- direclion U parallel lo boih planes Thc fíeld dependí on which *¡dc of cach plañe the itckl is located 

2L1M EDDfnrvs Apr>lyBii(2L1l} forme elcctric 5eldof a disk Tlwhc^ 

densíts' -ít and radius lo a nolid duk of charge dcnuiy * t and radiui ft . 



i Icclnc Chargc and Electric Fwld 21-41 



SKTlTp: ibcarcAofthc annuhwb xiK: - ur Tn* decirle llcldof J disk. Lo<2l Mí i* 



¿fi-i/^F7^I] 



EXECUTE: (a) Q - Aa - x{R¡ - R;)a 

The electric field is tn thc *x dircelion al poinu above thc d»k And ¡n Ibe -j direction at poinu bel™ ihc dj*k. and 
thc factor Uj vpivifw» thc*c dircctionv 

Sufficicnixy ckw-c mean* tlut (x/A* ) J «L 
2t( A A\ 



EvaIX'ATG: Thc frcuucncy i* radependeot of Ibc iniiial ncuitionof Ibc partklc* u> long ai ihi* ptycition n 
suHWicittly cloic to thc cerner of Ibc annulu* for <x ' A^r lo be srralL 

21.105. IDCKT1FV: Apply Coulomb ** Uw lo calcúlale ib: forccithat q í and a\ exett on c/ j , and add these forcé vector* 

to gcl ibe nci forcé. 

SkT 1- t Pi Like charge* rcpcl and unlikc chatio auract* Leí *vbc lo thc eight and *y be loward thc lop of ihc page. 
EXKCTYE: (a) Thc four po**»Wc íotec diagrama are iketched in Fi^mv 21 lí)5a 
IMy thc lait piciun? can rc*ailt in a nel forcé m Ibe r*dircciion 
<b> <?, - -2 00 pC. tft - *4Ü0 pC» and q> > (X 

(c) Thc torce t f and F and i he ir componente are ¡tkcichcd in Figure 2 1 + 105b, 



|1J Oltfi mV <0 + 0*00 mí 



«ntf, Thi* ene* 



i,l 



' " J ' ' ^'^í (0.0400 m> 5 (O.OJOOmV sj 

EVAJXATE: Thc oel forcé F«Wf bid thc same direction a» Ibe rciultanl electric field al Ibe local ton of duc 

ti> i? . and a. 



"V" <" v*v> S 

fll > i>. * > o N ; < a «i < o ' f i 



FitiMf 



4, 

Figure 21.105 




r, 4« ii 



iDEvnn': Calcúlate Ihc elccrric ficld at Tdue to each charge and add Ibeie 5eld vccion 
S»;r ITP: Ibe electric field of a pomi charge t% directed away from a pcctitivc 
;haruc + Leí * .vbc to the right and kt * rbe lowanl Ihc lop of ibc page. 
EXíXtTB: (a) Thc four pcniibic dtagrami are iketched in Figure 2 L 106a. 
The firat diagtam b the onlv onc in whicb Ihc electric ftcld muM noim m the n 



mgel the ncl field 
ind to\i'4rd 



ualive tdincciion. 



IV 42 



<c>Thcclccmc ficltb C «id £ «id ihcir ctxnponcni* are ikcicbed in Figure 24 106b uvW> - -1 , *io0 ( 

M ni a li.pd«.ft J .l.£-o- *H i-. *N .H.™,^ 'M *M .1 

"13 13 * f 0.050 m)' 13 flM20mr 13 (ai20m)' (0.050 ni) 1 12 

Solving for | pve* | - 7 .2 *iC , » q t = -7.2 pC . Theo 

■I' I 12 ta 5 . , 

E f — — -_=-L17*IO NiC. £-U7xl0 N.C 

(O.OSOro)' 13 <0.120mV 13 

EvaI.I'ATE: With g í known, fpccifving thc dirccikm of £ dcicrrmnci both q 1 and £. 

«\* < *v S 

W 

21.107. iDEVnrV: To fmd Ihc elccrric fickl duc to thc wcond rod. divide Üut rod silo infinitciinul «gmcntx oflcngih 
dx t cakulaic Ibc ficid rf£duc to cacb «gmcni «id intégrate ovo ib: Icngih ofthe rod to find thc toUl fickl duc to 
thc rod Use JF - dq E tu find ihc forcé thcclccirc ficld of ihe «ccond rodexcruoncath mfimtcumal %cgmcnt i>f 
thc fim rod. 

An infmilcsinial icginenl of Ac setond rod b ¡fcclcbcd in Figure 21.107. dQ-{Q L\áx . 

kiíQ kQ 
Exmra (a) JE —r - — . 

(x + af2*L-xy L U+at2+L-x'y 




2A£( I 



L \2x + a 2L + Zx + a 

Ib) N™ cimidcr thc forcé tlut thc fickl of Ihc sccond rodexerts *wi un ¡nlmhc*¡mal *cgmcnt *A/ of ibc firsl rod 
Thii Ibrce b in thc - Y-dirctiion. dF-dqE. 

kO' ( a : t I * £ ' ffV \ itf 

IclFor*»!. £-_¿_ln _¿ ¡— -^<2 In (U 2iVff)) . 

1 tí íl t2i :ai f Z. 



For vrwll x, Iry I + 2) * z — — . Thercforc. for o » £ 



11 \ a 2ü l ¿i a 



E^ AIX'ATE: Thc di&toncc belw een jjj;jccnt cndi of Ihc ntdi ú a. Whcn ■ ■ /. ihc di^inncc bclu'ccn thc rod» is 



Kifturr 21.107 



Gauss's Law 



22 



22.1. <a» IDKNTIKV and Sin Vr: *t>. - j£coi£¿J* whcrc ii thc angk bctwccn thc normal lo thc *heci n and ihe 
decir* fícld £. 

EXJXfJTE: In ihi* proMcm A and are comUni o>cr (he surfacc so 
0 Á -£coi(*Jrf^^£ra^^(l4N.CHci»6CrH0 + 250 nv)-I.SNni ; -C. 

ib) EVAll'AYE: *!>.- u independent of ihe *hapc t>fthe *bect &t langa* ^ and /J are corrttani al all poinLs on thc *hccl 
<ct EXEttTE: (*) <I\ = EcwfA. <l> i* Urgen for c* = 0 \ *o ci»# ■ l and 4^ - £i 
(u) . i* «Hallen for - W. *o emo = 0 and '3' = 0> 

Evaj.caTE: 4*/ í* 0 when (he surlacc U par alie I ta thc ficld u> no clcciric ficW lines pan ihrough (he *urfacc* 

22.2. IdevhfV: Thc ficld t% iiniforrn and thc ¿urfacc Ls fíat. w> un: * . - /^caip . 

Si:t l -P: ^ i* thc anglc bctwccn ihe normal la thc surfaccand ihcdirection of £ , *o ^ - 70** 
EXKCtTE: - (75.0 NX)(0.40Q mK0 + 600 mico* 70° ^ 6.16 N * nT'C 

Eyammtk: If thc fícld wew perpendicular lo thc surfacc ibc flux would be 0 rf -EA-\%Ü NnTC The flux tn 

thii problcrn h rnuch le» ihan ihis because only thc componen! of £ perpendicular to (he surfacc conmbute* lo ihe 
flux. 

22.3. |p*:vnK\: Thc elcctric flux through in arca i* dclincd ai (he product of thc comporten! of thc ckciric licld 
perpendicular to (he arca (¡me* ihe área, 

i») SETUf: In thi* ca*c. Ihe decirte ficld u perpendicular to thc surfacc of thc «phere* so &¿ ■ EA & £(4x/**). 
RXKCUTK: Substituí irte in thc numbers gnes 

*i ^|l.25xlCr*N'C)4T(0.l50ni) i *3.53Kl0*N m^C 

4b) iDEvnrY: We uw ihe clccmc ficld duc to a poíru charge. 



ExtxHTE: Solving fec^ and sub*hiutmg thc numbers gíve* 

tf-4.rtr J £* J 1 — JO.ISOm^li^íílO'M'Cl-J.IJvlD'C 

* * 9.00* 10 a N-oi^C* 1 r * ' 

EyaIXATE: The flux would be ihe «ame no maiter how lar ye thc circlc + since Ihe atea i* propoctional tr> r whík 
(heelccIrK fícld « proporiional to l/r", 
22.4. iDEVnn': Lsc Eo,(22.3t to calcúlate (be flux for eacb Kutface, Uve Eq.(22JC) lo calcúlale thc total ene kncá charec 
ITp: C=í-5.OONC'm)*í+(3.O0N'C-m)rA Ibe arca ofeach face ¡* t.where I-OJOOrn. 



EXJXI TE: ñ % ■ - y =^ 4> ( - £ /f - 0 . 

« 2 =<0.27 IKClrnKOJOQ m» .<u:-si <\ ( » m\ 

ji^ *£ it^^-(-S.00N 1 C*mK0300m) í í=H0.45 íN'C) in)t 
^«^O^SíNC) mKO.300 ro) = -<O.I3S (Nq*m^ 



21-1 



22-2 Oiiipter 12 



IbíToulftux: o>-* a - (OMI -ai35)(K>C)< ro' = HX054 N-m^C Thcrefore. 9 - -4.7gxl0 ' k C. 
EVAIX'ATE: Flux i* noiitive wncn A ¡1 dirccicd out of thc volunte and ncgaii>e when ¡t ix dircclcd ¡nli> ib: 

22,5* iDEVnFV: Tík flux thiough thc curvcd uppcr haJf of thc hcmi^hctc U thc xamc ¡w (he flux ihrough tív flal circle 
dcfincd by thc bottomof ihc hemüphcrc bccauic cvm' cketric ficld linc thai paste* thiough thc ílal ctrele al.ti> musí 

ihrough ihc curveo* *urf&cc of thc hcmiiphcrc. 
Skt Up: Tnc dcciríc ficld ¿1 perpendicular to thc Itui cirvlc. *o ib: flux ti simply thc product of ¿f and ibc arca of 
thc llai circle of radium 
EXECtTTE: Oí - EA - E{ t/- : I - xr ¡ E 

EVAIXATE: Thc flux would be thc ¿ame if thc hcmUphcrc wcrc rcpUccd bv unv othet *urlacc bounded bv thc ílat 



22.*. IDEVHFV: ÜK Eq<22 J> lo calcúlale thc flux fcr cae 
SETUP: Á - EAmfvthcn Á = Aá . 

EXErtTE: <»> á k -->(left). * fc «-«4x10/ NiC)f0.10ail : cos<9ll Q -3M*>a-24N-ni^C 

< -t¿<top) <t> v «-<4xltf NCH0«1DWco*W -D. 

ií kj «t>(hgbll. * Jt -+<4*i0' N.C)(0J0m) J co«í9O , -J6.9*)-*24N iD J i 1 C i 

ií 4 «-¿(botlomK -(4x1o 1 N-CHO.lOml'ctuWaO. 

*^*+/(6oaf). <fr^ -+44x10* N.C)(0 + 10oil J co»36,9 fl -32N ro'/C. 

■\ «-í(backí ^ = -<4xl0 fc N.CKOJOmí'cosJÓ^- -J2 N' m'iC. 

EVAIXAYE: <hi Thc total flux ihrough thc cube musí be xcn>; anv flux cnicting ihc cube mutf abo Icavc ii, «ince 
thc ficld ix uniform Our calcula! ion givex ihc retult; thc Mira of ibe fluxc* calculatcd ¡n part (a) i* /ero. 
22.7. (a) IftKMtFY: Uxe Lu. (22 -5» to calcúlate ibc flux through Ihc xurfacc of thc cylincto- 
UP: Tbe linc of etarge and ihc cyLindcr are ritciched in Figure 217. 

<f4**tv 



•-6 




nVUC 22.7 

EXECLTE: Thearcaofib:curvedrxutofthec^1inder¡x A-2&H, 

The elccltic fíeld ix parallcl lo Ihc end cap* of thc cy linda, /;* ,4 - ít tbr thc cndxaad ihe flux ihrougb ihe 
cylindcr end dpi 11 /eco, 

The eleclric ficld ix normal to thc curad «urfrcc ofthe cylindcr and hai thc xamc magmiudc E ■ / / 2^«¡^* al aJI 
punti on thU xurfacc. Thux o ■ 0 r and 

* i/ |6.0OxlO*C.rn)(O.4OOmJ 

<b) In thc calculation in patt (a) thc mdiux rol* thc cyllndcr dlvidcd ouU n> ihc flux remaini ihc tamc + 
♦ 4 -2.71x10* N-m'/C. 

jj (6.00*10 * C^nl(0.800m) . t 

<c> * x -— - Rjcj4 tQ *i c i N — T-^ - W2k 1 ^ N ' m /c lbc nux tn P altlt 0>> jnJ ( c >)- 

EVALUAIS! Thc flux dependx on Ihc number of fickllínA malpai»mnmuhibe«urfaceof Ihccylindcr 
22.S. lotvm\: Apply Gauxt^ law 10 eaeh sur face. 

<f i V\*i O r . t% ihc algébrale sum of ihc chances cnchwed by cach tur face Tlux oul of thc \xilunte i* p<uilh h c and 

flux inlo ihc cncUned volume i* negalive. 

EXEC tlK: <*) 0 A - = f4.00x 10* = 452 N -a^JC 

■h - *7 a^«(-7.g0xÍ0* (^■-lllN'l'C 

<e> * lp t^j^«((4.«l-rS0|xl0 * C^--429N-m ! C 

<d) * J ^(o J t^JX B ((^W*2«>xlO^CK^723N ai'a:. 

<» « -(9 J + ^+4j;e a >H4.00-7.ntl+240>Kl0r 4 CV^*-158N'in 1 > , C* 



Gau*V*La* 22-3 



EVAJ.CATE: if » All ihat maitcn forGauaa' sbwia thc toUlamountof cbarge cncloacdby thc aurfacc* noi it* 
diainbution within thc aurface. 
22.9. IdevhfV: Apply ihe rauta in Example 21 10 fot thc ftcld of a snhcricul ahdl of chargc. 



SKTUP: Exáltale 2210aluiw*lhal A - I) im»dc a umlorm *phcncal ahcll and ihat C«±J— ■ 
(a) £ = 0 



<b) r ^0060 m and £-(8.99x10* N m'.ü 1 ) 150 * 10 f -3.75x10* NC 

(0 060 ni)' 

m r-OHOmand £ -(8.99*10* N prtcV 5 ' 0 * 10 ^-HUIO* NíC 

(0. ) LO m)' 

EVAl.t ATE: Outoidc Ibc *hcll Ibc clcctric field ¡a Ihe *amc aa ¡f all thc charge wcrc conccniraicd al ihe cenler of 
thcahdl Bul ¡naide Ibc *hcll Ibc field w not thc sime aa for a point charcal thc ccntcr of ihe ibeh\ ¡mide thc ahcll 
ihc decir*; field » Tero. 

22. 10. IDEVTWY: Apply Gauai** law lo Ihciphcrical *urfacc. 

Se? l T P: 0_ j ¡a ihe algébrate aum of ibc chargea cncloacd by thc apherc. 
Exeí'HTE: (ti) No charge cnckucd io 0-0, 

8HS*10*C7N *nT ' 

8.85x10" CVN m' ' 
E Valíate: Xcgalivc flux corrciponda lo flux d¡rcclcd ¡nlo Ibc cncloacd vohimc. Thc nct flux dependa only on Ibc 
nel charge cncloacd by (he «urlacc and » not arTccicd by any chargea ouiaidc ihe cncloicd TOlumc. 

22.11. IdevíieV: Apply Gauas'* law. 

Se? Up: ln cach case conaider a imall Gautaian sur lie c in (he región of inlcreat. 

(ti) Sincc £ ia uniform* Ibc flux through a eloaed aurface mual be rcro, That ia: 

- — - — J/x/r ^ 0 ^ J pdV «0. Bul bccaukc wc can choose any volunte we warü. mual be /ero if 
ihe miccra) cqual* /ero. 

ib) If ihcrc ¡* no charge ¡na región of «pace* thal doea NOT mean ihai thc clcctric ñcld ¡a unilbrm. Cotxitdct a 
eloaed vohimc cío* lo, bul not including, a point cbarge. The fickl diverge* therc. bul there ia no charge in tbal 
región. 

EVAl.t'ATE: Thc clcctric fícld wilbin a región can depend on charges íocaled oulaioe Ibc región. Bul inc flux 
through a ck>«ed «urlace dependa only on thc net charge conlaincd within thal «urlacc. 

22.12. iDEVflFY: Apply Gau¡«\ law. 

Se? l'P: Use a unall Gauvtian vuKaec loca^cd in Ihe región of quettíon. 

EXECUYE: (tt) If o >0 and unjform. then q inMdc any clcoed aurfacc n greater iban ato This implica 4>>0 4 «o 



dÁ > 0 and *o ihe elccitK ftcld cannix be uniform. That iv t aincean arbilrary «urfaeeof our choicc encloxc%a 
non-/cro aniount of charge. £ must depend on poulioo 

<b) How-cvct. ¡naíóe a «tiall bubblcaf xcro charge denuiy wilhin ihe nutcríal wiibdcnaity p . (he neldcan be 

unifomi. All ihai b imnortant ia thal ihere be /ero flux ihrough the luxlacc of Ibc bubblc (atncc II encloaca no 
chargci.<Scc ProNem22oL) 

EVAl.t'ATE: In a región of umform field* ine flux through any ckucd lurfacc ¡axeco. 
22.13. jili'JMih andSETtTP: It ia ralhcr dilTicull lo calcúlale thc flux direcilv from fl> - ífi JA aínce ihe nugniludi: 



aí E and ria anglc wíth dÁ vírica «ver inciurfaceof thc cube. A much eaaícr approach ia lo uac Gauiaa Uw lo 
cakubtc thc toUl flux through thc cube. Leí thc cube be ine Gauaaian aurfacc. Thc cbarge cncloaed U thc point 
charge. 

EXETUIE: *, mQ-af+m 9 M * [0 C r ¿ |.0H4*10* N*m J /C. 

1 8.854x10 ' C'/Nm- 

By Q h mn>etry ihe flux ia thc aame through cach of thc a¡x ú»cea, ao thc flux ihrough one rjce i% 

1(1.084- 10* NmvCjalJUlO^N mVC 

Ib) EVAl.t'ATE: In part la) Ibc a/e of thc cube did nol enlcr into thc cakulatíon*. Tne flux through one face 
Jl'PctcI* only on ihe atnouni of charve al thc cerner of ihe cube. So ihcannvcr lo la) would not chance il thc il^e 



21-4 Chaptrr22 



22.14. losvnFY: Appty thc resulte of Examplcj 219 and 22.10. 

SKT t'r: £ - X — i ouuklc thc sphcrc. A protón hu*> churgc 



N £^<H.9»xlO' M^i mMHl jT? -2.4x10" WC 
7^ 17.4-10 mr 



(b)For r- 1.0* 10 ni . £-<2.4*l0 ; ' NO- — = 1.5*10" NC 



1.0x10 "m/ " 



<c> ¿T- 0 . inuúc i iphcrical »hcll 
EVAI.lAVE: The clcctric Ikld iti an atom is vcry larue- 
£2.15. |p£\nt\: TUv clcctric ficld* are produccd by point charue*. 

VPz Wc use Coulomb 4 » faw, — ^» . lo calcúlate (he clcctric ftctuV 

4x^ r 

(a) £ - fa.OOx 10* N - «T ) j- - 4.50 * 1 0* NC 

(1.00 m) 

Wfnte.OOxlO^m^ 

|7JWmJ- 

le) Lvery llcld linc ihat entet» thc sphcrc oo one síde Icavc* il oo thc other nde, *o Ihc nct flux throuvh thc airfacc n 



Uami (■>£=— ¡ ' = 7.Jd\/c 



EVAIXATE: Thc flux would be /ero no matter what *hapc thc turfucc had. providing ihai nocharec wu instile 
suxfacc. 

22.16. IdeviifY: Apply thc rcults of Lxarnpk 22.5. 

SErUK At arximiajOOmoutsiifc thesurfacc. r-0.5Süm T 

1 q 1 (2.30*10"C ) 
4™, 7 " 4**. (0.550 in>* 
<b) £ - 0 intulc of a conductor or etse frec chArgci nould move under thc inrlucncc of forec*. violating out 
eleeirenutú: isiumpiions (re., thit chirgc* arcn't movingi, 

f-\ ALIATE: Outiidc thc sphcrc il» clcctric field is Ihc same as would be produced by a point crurge al its 
with thc sume chutee. 

22.17. lonvnrV: Thc clcctric 5cld rcquircd lo produce u spurk 6in. long is6 time*, as struniz a* thc ficld needed lo 
produce u spurk I ¡n. long, 

SET 1 r By Gausx'* la*\ 4 - h.ITh And thc decirte ficld u thc «Ame as for a rximi-charge. E m — — — . 

4 tí, r 

EXEcniE: <») Thc clcctric fieid for 6-mch spAtt* i*£ - 6x 2.00x 10* N.C - ].20x 1 D NC 
The c hatee to produce ihix ficW is 

fl^£4 = ^£|4ffr , ) = <&rJ5*IO "C^Nm'Ml .20* I0 1 VC)i4jr<0.l5m) J -3.00x10 'C. 
<b)Us¡ngCoulc4nb'sbwgÍY<* £^ROQxlO'Nm\<: i > 3<00ylD f -IJOxIO'X+C, 

EVAl.CATE: )t ukc* onh' about 0J to produce u IWId Ihii sirong. 

22.18. lot:\iu\: Accordmg lo Lxctcííc 21 52*. ibe üurth'i eleclri: field poini% towant* ix% ccnlcr. Sincc Murs's 
fícld a vimiUr lo IhAl of Earth^ wc unume il pointi touard me center of Mun. Ibcrclbre Ihc churge on Mats musí 
be negAiivc. Wc u*c Guuss's Iaw to relate thc ckctric Ilux lo ihc chur^: caunng n 

SktI-íp: QnHi'ikwíi U> - !L and Ihc clcctric flux h <t> ■ £f . 

Km.ii tk: (a.) Sotving Gaui^'i law í«r */ t pulting in thc numbers* and recaí Unv that^ negativt givex 
q = --iliWxiO^N'm^CMÍíWxlO "' J C*/N m J >- -3.2U 10*C. 

ih) Ute thc dcrlnition of elecrnc flux to ñnd ihc clcctric fichl. The arca to use i* iheiurlice AreAof Mars. 
A 4TíJ.40x|0*m)' 

íc) Thc surfucc cruiK dcntiiy ort Man « thcuñ -c a* ^ ■ 10 ^ ¿ -2.21x10 '*cW 

^ J ^ 4^340 xICTm) 1 

E^AI.t'ATE: Evcn ihough thc charle on Man n very large* it ut «preAd o ver a laruc arca, giving a símil turfacc 
charee dcnsiiy. 
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22.19. iDEvnrV andSEFUr: fcxamplc 22-> dcriwd ihal thcclcciric hcldjutt ouliiac Ibciurtacc of a tphcricaE 
conductor ihai hai nci charcc i* £" ■ — Calcúlate a and Itnm im* ihe number di cxccm electrón*. 

JT7* (0 1*0 m| 'ÍI150N í » 
EXíXUTK: = — — 1± i— 4 = 3.275x10* C. 

Each cicctron has a charge ofmagniludc 1.602x10 '* C. *o thc number of cxcra electrón* nccdcd i* 

3.27S.I0-C , M , |nw 



L6aZxlO HT C 

EvaJXATE: The result 'nv obtained for^ (*a ivpicaJ valué Ibr ihc charge of anobjccl. Such nct charuc% 
corrctpond lo a Urge number of cxccm electrón* *¡ncc ihe charge of cach electrón i* very «mil. 

22.20. iDEVnrV: Appty GauxV* bw. 

Si:r Up: Draw a cylindrical tiauxiian suríace wiih thc linc of charge aiils axis. Tbc cylindcr hi* radiu* 0.4ÜO 
and i*0.0200mlong. Thc c*cetric fícldblhcn 840 N.C atevery point oo Ibe cylindrical zurrace and iidácctcd 
perpendicular lo thc suríace* 

1'AixtTE: jé dÁ m E A y ttt ~ E(2xrL)- |B40 MCH2t)<0 400 oiMOXCOQ oí) - 42.2 M nV/C. 
Thc fícld i* parallcl lo (be end capsof thc cylinuer *o íot thcm j£ <M-0. Tromíiauvi i lai*% 
q-t&i a<SJ54*10'" C Jl N*ni : )f42.2N ni^C) = 3.74x 10 " M C 

Eyai i ate: Wc could bave applicd thc rciult ¡o tSxamplc 22.6 and «jolvcd Ibr Á . Thcn ^ ■ ?,L. 

22.21. lofcvrwv: Add ihc vector clcctric ficlife duc lo caeh Une ofeharce. £1**1 for a Une of charge Í£ gíveo by 
Kxamplc 22.6 And i* ibrcctcd loward a negativo linc of chage and away (rom a ptuitivc linc. 

Stt UP: Tbc lwo linc* of chante are iboi*n in Figure 22,21. 



Figure 22.21 

EXECUYE: (a.) At point tf. £ and£, are in thc ^y-direction (loi*urd negative charge, av»ay ftoni po*¡li ve 



£,=(i;ir^)[(4.S0xl0 fc Ctn) (0.200 m)J-4JI4x JO* XC 

£ } «(Wlr^)[|l40«IO~* C^J/fO^OOmíJ-ZlSTxIO 1 MC 

=6^7x10^ N.C in Ibe i^directum. 
<b) Al point rV* É L ñ in thc ^r^lircclion and E . i-i in thc -* rnurection. 
A -jl 2 Tt. jj| 4 Mí * 10 * Cm)(O.60Om)]-1.43Rxltf XC 

*().' 2^^)[( 2.40x10 * Ctn) (O.20Orn)]- 2.157x10* MC 

£=£¡-£1 = 12*1$* XC. inthe *i--dirwt¡oiL 

K\u'. míos: At point Ihc rnx> Ikl* are in thc ¿ame dzrcction and thc magnitudes add. Al point A thc tw> fieWs 
are in oppositc direction* and ihc inaimirudc* lubtract. 
22.22. iDEVnn : AppJy thc resalís of fcamptei 215. 22.6 and 22.7. 

SKT lTP: Ciauu's bw can be u«cd to ihow that Ihc field ouiihIc a long conduchng cylindcr a thc sime a* for a Une 
of charge along ihc ax« of Ibe cylindcr. 

ExKC'tiTE: u' for pofnta ouUide a uniform *phcrical charge dulnbutiork all ihc charge can be considered to be 
conccntralcd al thecenlcr of Ihc vphere. Thc 5eldoui£ide thc £pbcre »£ rhu* ínvcivcly proporlional to thc squarcof 
the dülance from thc center. )n ihi* cate. 
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Ib) Por potril* uilsidc a long cilindrica) ly symmclncal charle diMhbution. thc Itcld h idéntica! lo ihat of a long 
of charge; ^ - ^ that is, invcrscly nroportional Ci> Ihc dbtaacc from Ihc axis of thc cylindcr In thb case 

a D-2flD€n |a 



<c) Thc fícld of an infinite *hcct of charge is £ *^2^: Le il b itukpcnocni ofthe diMancc from ihc *hcct. Thui w 
thücw £-480 NC. 

EVAI.LATE: Forcachofthcsc thra distributora ofetarge thc devine f»:IJh^adilTcicnlikpcnctoccondi«tancc. 
22.23. Ioeviikv: Thc clcctric fícld (mide Ihc conducior b/cro. and all of its inilial charge lies *m iu outer lurl acc, Thc 
introduction of charec into thc cuviry otduco chatre «ito thr milacc oí thc cavity, which induce* an i\|ual but 
oppoHic chatre on thc outer surfacc of thc conducior. Thc nct charge on Ib? outer mifacc of thc conductor b thc 
*umof ihc pouhvc cbarge initially ibcrc and ihc addii toral ncgaiivc charge duc lo thc tnlroduclionof thc negauve 
charec into thc cavity. 

(a) Si í Uf: Fint find thc inilial posilive cbarge on thc outer *urlucc of Ibe conductor imng q ■ a A* whete .1 \% 
thc arca of tuoutci surfacc . Ihcn find ihc ncl charge on (he ¿urfacc ufttr ihc negati ve charge hasbeen introducís) 
mío thc cavity. Tinally use ibe definición of surfacc charec dcnsilv. 
EX>;ctTE: Thc original poiitivc charge ito Ibe outer surfacc b 

1 t *tTA = tri4xr'} = (637*iQ*Om 1 ]4xiQ.250 m J )-S.W>* 10* Cío* 

Aflcr thc úitroduciton of -0-500 /jC Imo thc cavity. thc outer charge b now 

5.00 pC - 0.500 - 4 50 ¿XT 

Thc^accch^d^ 

íbtSETtTp: U*¡ngC^^1aw,ihcelcclricíÍcklü f^íl^-L^—!!— 

A %A «,4-rr" 

7% glVCS 

*ó.47*ÍO* N C. 



(£85*10 ~ tí C*N*nV)lJ,TW0.25ü m? 



le) SET UP: Wc use GauM's law again lo find thc flux. <t>¿ - — . 
EXECU1B: Substit ut ¡ng numbers givcs 

* 8.85*10 * J C'VN m J 

Kv \i t v'j i : Thc excess charec on thc conducior b %iill ^5.00 já\ ai il origínaJIy wjv Thc introduciton of thc 
-0 500 uC insidc ibe cavity nxtely induced couaJ bul oppositc charee% (fw a ncl of /crolon thc *urfaccsof thc 



22.24. lofcvnKV: Wc apply Gau;u*% law . Uking thc Gaunian surfacc beyond ihc cavtly bul msioc ihc to\\á+ 

SET VPz Dccauscof thc %\mmciry of thc cbarec + Ciaun't law gives ui £ - , where .1 Is Ibe lurfaec arca of a 

^pherc of radius R ■ 9\50 cm ccnlcrcd oo thc poini»chargc* and ^i rfJJ is thc ii>tal charge conUincd vtiibin ihit spherc. 
Thét cbarge ñ thc «urnof Ibe -2.00 /iC poinl cbarge al Ibeccnlerof thc cavity plu* thc charge within thc%olid 
bel^wn r - 6 50 cm and « - ^,50 cm. Thc cbarge wilhmihc sobd \%^ t - p\ -/H|4. 3prJ? -\4 ^rr' t - 

EXKCtiTE: !.:-.t find thc charge wnhín Ibe «olid betvtxeo r - 6.50 ern and R - 9.50 cm: 

^«^7.35x10^ Qm l )[(0.0950m)'-<0 + 0650 oit*]- 1.794-10* C, 

Nw find thc total charge wiihín rbe Ciaussian surfacc; 

f^u * í-u pC * L794 pC » -0.2059 
N™ tínd thc magnitudc of thc cleclhc ñcld frurn Gau&'s law: 

q q 0.2059 xl0*C ^ ^ 

"^^^4^r ; "(8.85-10 * í C*'N*m J H4Th0.0950m>' ' ' * 
Thc lact Ibai thc cbarge n negalivc mcans that ihc elecrric ftckl poinU radial Iv inward. 

EvaI.VATE: Bccausc of ihc uniforrmty of thc cbarge distribuiHtn* ihc charge beyond 9.50 cmdoct nol conthbutc 
to thc elcclnc fie Id 



Ciau**/*Law 22-7 



22.25. locvnrV: Thir niagnitudcof thc clcctric hcld ¡* comuni at any givcn di*tancc from thc cerner bccau*c thc charge 
dcnsitv u uniform iñude thc sphere. Wc con use Ciau**'* Uw lo relate thc ficW tu thc chnrw cauting ÍL 



(a) StT Un Omft law icll* u* that EA - ^ . and the charge denuiy i* grven by is _JL_ 
EXECUTK: Solving i*or</ and *ubshtuting numbers giv« 

q-EAt* -£{4*i i \ . I m OnO'lHRSxiO * C^N-m 3 ,- 4,H66*10 ' C ♦ U»ng thc formula íbr 

¿harwc dcn*ilv wc gcl /> - — * ■ ■ ^A 66 *^ ^ | _ 2«0x 10 1 C/m\ 

* * r <4¿3Mt' <4/3)t(0J55id| 

b] Si i I r: Takc a tiau**ian tuxlacc of radni* r m 0.200 m. conccnlric wiih Ihc imulaling %phcre Thc charle 
rncloicd uttlun thtt surfacc » a _. > = ■ pf— vr 1 ) 4 Mid we can mal ihi* charge a* a poim-cbjrgc 4 



Coulomb** law £ - TU- chante K'\i>nd r - 0 200 m makc* no contribuían to ihc etcctiú» fie Id 



1 

EXíXl TB: Firsi find ihc cnchwcd charle 



^Ivrr^fLóÜKlO ^C/m^íi^OJOOmVj-^TOMlO^C 



Niw ircat lh¡* charge as a poinl »chargc and wc Coulomb** law (o find thc 5cld: 

£-Í9J»xI0*N-»*^l5í!rÍÍl^»|.96KltfNr 
* )O200m)* 

EvaIX'ATE: Outoidc Ibis *phcrc. il behaves hkc a po¡nt-char$: located al it*ccnlcr> In*klc of it. at a di*tancc r 
Irom Ihc ccnicr, Ihc ftckl n duc only m ihc charle bctwccn Ihc center and r. 

22.26. lonvnKV: AppJy Gausx** law and conservan™ o l chaire 

Suf Up: Uw a Ciaussian turfacc ihat Ucs uholly wilhin he conducling maieciaL 

EXEtriiTE: (a) Pmilivc charge ú atlraclcd lo thc mner surfacc of Ihc conductor by thc charge in thc cavity. It* 
magnitudc is thc *amcas thc cavity charge; ,i_ ■ * 6*00 oC H since E - 0 msiik a conductor and a Gaustian 
surfacc thal Ijcs wholK wilhin Ihc conductor mwl cnclo*c /ero nct chatge. 

(b)On ihc outer Mirfacc ihc charle i%a combinaticm oflhc ncl charge on thc conductor and Ihc charge "left behind" 
when ihc t*jxi tvC' moved lo ihc inner Mirfacc; 

í m * * f^, ^ t^m c - 5.00 nC - 6XH) oC i - 1 XH) nC, 

EVAIX'ATE: Thc eketric Iteld ixruidc ihc conductor u duc to thc charge on ¡l& ai r face 

22.27. IdeviifY: Apply Gauu'i law lo cach surfacc. 

Si:r iTr: Thc fickl ú zero wilhin thc píate*. By *yrnmclry ihc field rt perpendicular lo thc piale* oul*¡d: Ihc píate* 

and can depend only on ihc dtttancc front thc piales. Flux into ihc cnclo*cd volumc i* potitive. 

I'.vii i ji : > and5 l cncloic nocharge^ so Ihc llux r /ero* and clecrric ficW outiide Ihc piale* i.% /cto. Bctwcen 

thcpbtci. S t ■: . that -KA - -fffa - -a A¡t i and £-«^. 

EVAIXATE: Our re*ult for ihc ficld bctwccn ihc r*«c*iS'cci with thc re*ult *talcd in Examplc 22 JL 
lofcvn^ L : Clo*c to a fmilc ihcct Ihc ficW w thc same ai Ibr an inlinilc *hecl. Vcry far friten a finitc *heel thc f icld 
i* ihat of a point charge. 

SKT l t p; Fot an infinite ihcct. £ ■ ^— . For a poinl charge, £ ■ ^ ^ 1 . 

• ai At a diitance of 0. 1 mm frorn thc center. thc shcel appcar* "infinite." to 



Em _<_ m 7.50.10- C ^ 
l^A X'OROOmV 
Ib) Al adttUncc of 100 m from thc ccnicr. thc sheet lottks likc a point. %&. 

**é$' ± Htc- 

4^r- 4»«, (100 o.)' 

l<) There wt>uid be nodiflerence if Ibe *hcct was a conductor. The chance woukl auiomatícally toread oul c\*cnly 
overboth lace*, giving Ít half Ihc charge demity on cilher face as thc m*uUtot huí Ihc same eketric líeld. Far away 4 
thcy boih look likc no mis wilh Ihc *amc charge. 

EvaI.I'ATE: Thc *hcel can be irealed a* inliniie at noiut* ivhctc thc di*iancc lo Ihc ihcct is much Icst than ihc 
disiancc lo ihccdgc of thc *hcei. Thc thcct can be treated as a point charge at poinl* for which thc di*tance to thc 
thcct i* much urcaicr ihan ihc dimcn*Íon*of Ihc *hccL 
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22.29. Id£\tify: AnpJy Gatis** la» lo a CiausMan surfacc and calcúlate £. 

<a) Srr Up: Con&idcr the charge on a Icnglb / of thc cylindcr. This cao be expressed a* - Áí. Bul sincc ib: 

surfacc arca is *.*/íj' ¡t can alto be cxnrcsscd as 4 - tr2.?RK These two cxprcs*»oru musí be cquaL **> ÁJ - ít2xRÍ 

and A - 2.TÁV. 

(b) Apply Gauss's law lo a Gaussian surfacc ihat is a cylmdcr of length K radius i\ and whswc axis coincide* with 
(he of thc chame distribution. as shown in Figure 22*29* 

i 



'T* 1 

"i Ir 



EXEC11T: 



' ' ' * * -LtW£ 



Ptaurc 22.29 



£«^ 

V 

<c> EVAl.t'AYE: Examr4c 22.6 sbow* ihai theelcciric fieUorjmmfeitfelniecffcliKgcu E *A/2x*f. am—- t 

so £ ^— í ] ■ - the same ai fbran minute line of charge thal is along (he axis of rhc cylindcr. 

22.30. lD£.vni~Y: The net clcctric 5cld t* Ibe vccior sum of thc ficlds due tocacb of thc Ibur shccti of chance. 

Skf Up: Ibe eleclric itckl of a large Oiccl of charge \% K - ít 2í ( . Thc ftcld ¡s directed away Irom a pcuilrvc shecl 
and toward a ncgalivc shect. 

EXKtLTK: (i)Al A: £,^Í!dr!ll-!!J^Jll^J-Hfl.UH^K|-kh 

2< 2*. X 2^ 2< 

£, -^5^C/ro í t2^C/m í *4^C/m í -6 ( wC/m J )*2J2»ílO t N/CloibelctV 

2% 2í, 2«, 2% V P '' 11 1 V ' V 
£, > _!_(6 fiC/m* * 2 íiC/m' - 4 «i C/m' - tpCfm' 1 ■ Í.W « 10* N/C id ihe kft. 

(cl£ ,.tJ.U-y-tl.i- (h |.K|-N-M- 

£; =^(4/íC/inS6/íC/ni i -5^C/m í -2>iC/m 1 ) = l»-IO* N/C ta thc left 

EVAl.i'ATE: The field al C is not /ero. The pteees of plaslic are nol conduclors. 

22.31. iDRvnFY: Appty Gauss's law and conscrv-alion of charle. 
S£T I.-p: tí - 0 m a concXicling malerial. 

ExtxtiTE: 1 a 1 ; i.ii -■ '- '. w says * O on inner surfacc* sh /: - 0 ¡nsidcmcial. 
<b> The ouiimIc surfacc of ihe «phere b grounded, so no excess cbarge. 

íe) Consicfcr a Gaussian ^.pbere with ibe (} chame at i(s cenier and mdius iban Ihe mner radius of the metal . 
This spbere enclose% net charge O so Ibeie is an electric lícld flux thtough A: ibete is eleclric fiek! in the cavity 
(d> In an eleclnutatic situatíon /: - 0 ¡mide a contador. A Gauston sphere uith the -Q charee at íts ceoter and 
radiw greater than the outer radius of thc racial enckwes /ero nel charge (the —^í charge and the on the inoer 
surfaccof ibe metal) tolhere is no flux through it and /T - 0 ouLside Ibe meial. 

ir) No. I 0 diere. Yes. the cbarge bas bcen sbiekled by rbe grounded conductor. Thcre b nolhing like pcuitive 
and negative nuss<thegravily furec is atways altraetivc), *o thñ cannot be done for gravAy. 
EvajxatE: l'tcld Imes witlun (he cavity termínate on ibe charles induccd on the inner surráce. 
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22.32. lPF.vnn' jihISet Vn Eq.(22J)to calcúlale thc llux. Idcnlify Ihc dircclmn ofthc normal unil veclor m Ibr each 
surfacc* 

EXEOJTE: ía) ¿--Bi-tCj-üiiA^L 1 
face : u-—j 

face .V . Jt - t-A 



face '> ir j 



* 4 -fi ^B¿'(^it)s(-fi +<J-Dáy'l-Ái)-+BL\ 

Ib) Add Ihc flux tltíoutjh cach of thc six tico: 0¿ ■ -Cl* - D¿ : + C¿* -/>/*"- i//: ü 
Thc ciXaI deciiic flux ihnxiirh all **de* í* «cero* 

Eyaj.vaTE: All clcciric field tinet that enter ooc lace ofthc cube leave ihrouch another face. No clecmc fickf 



n^hte thc cube aml thc ncl flux i* wro. 
22.33. EDDflW: Use Eq.<22 . J) lo calcúlale thc llux ihrough cach mrfacc and u*c Gnw'i law lo relate Ibe nct flux lo 



Sk? Up: Flux ¡nto thc cmlcned volunte » ncgalivcand llux oul of Ihc volumc ¡spcuitrve. 
EXECTJTK: <»)<!> - £^ - 025 N/CM6.0 m 1 )- 750 N in'/fc. 
Ib) Since thc ficfcl i» paraltcl lo thc surfacc* 0 = 0. 

(clOiooic thc Gau**ian Hirfacc (ocotal thc totume'* surface* Thcn 750 N ra'iC^ EA 'n h and 

te txiMiivc vdirvciiofi* Since *<ü we musí nave *omc 



C - — !_<2 + 40* 10 ' C e » 750 N mVC» = 577 N.C , 
6.0 ni 



nci llux flowing jií so Ibe flux n onsecond face. 

EVAI.lATE: <dl q < 0 bul wc have £ pointing from face í. Thi* i* due lo an cxicmaJ fickl that doei not 

aITcct ihe flux but aflcci* the valué of f . 
22.34. Iorviiky: Appty Gauti** law lo a cube centered al the origin and wilh ude length 21. 
Sir IT; Tbc r loial lurftcc arca tifa cube wilhsidc Icnglh 21 ii 6(2£>' ~ 241* - 
K\u t ti; (a) Tbc squarc ts skelched in Figure 22.34. 

ih) Imagine a chatre 4 at Ibe center of a cube of edge Icncih 2L Toen: O - a'v líete the squarc is onc 24ib of the 
surfacc arca of Ibe ¡magínaty cube, %o ¡t micrccpt* 1 24 of thc flux, That w. <J* - 

Kv ALIATE: Cakulatinc. thc llux dircctly ffixn (22.5) mouM mvolve a compl>catcd inte eral Usine. Ciaun's law 
aml synuticir\ h 




Usure 22.34 



22-10 üijptrri* 



22.35. 



22.36. 




Ut ImiMirV: Ftnd ihe nct flux thiough the parjHclcpipcd *urfacc and thcn u*c Ihat in Giun't law tu llnd ihe nct 
chargc wiihur Flux ttut oribe iurlacc is* positivc atid flux inl<i the surfacc U ncgalive. 
SET Upí C ( gira flux out oribe suríacc. See figure 22.35a- 

EXUCUYE: *t> x ■ +Eu¿ 
A - (0.0600 mX<M>500 mi ■ 3XK) * 10 ' tu 
r i\ I «ftf - ¿i co*60* » (2.S0 x 10* N C)co*60 a 

JS; # -1.25*10' X'C 

Figure 22J5u 

» 4 »+£ |i -*-íflJ5>fl0 í KCK3.00xl0 1 m i )*37.5N m J /C 
ITP: £, gira flux in*o ihe *urface. See Figure 2235b. 

KxkcüTE: QX ■ -£ ; ^ .4 
¿=<0.0600 mXO.OSÜO m)-J,00*IO W 
£ u * J^cosdO*» (7.00x10/ KClcoíNr 

» 3.50x10* SC 




£ ,1 



r«urc 22 J5b 

.--{3.50x1o 4 NCK3.0OxlO 1 m*)- -105.0 N m'yC 
The nei ta i* = *37.5 N m'.C- 105.0 N*m ! ¿C - -67.5 N- m J JC 

The nel llm is ncgalive (inward), so thc nct charge enchned U negalive. 

Aopl> rGaou'4 lw: -^£1 

m *> A . (-67.5 N m*t<Cj(M54 x 10 * C'íN m 1 ) » -5.98 * 10 * C 

Ib) EYAl.t'AYE: Jf thete wcre nocharge xviuun ihe pura He fpjped ihc nel flux would be ¿cnx Tbi* t% nol the case, * 
there ii eharge insude. Tbcclcciricftcld linci that pos* oul Ibrough ihc curíate oribe paral lelpipcd musí termínate c 
¿haruev 10 mere alwi musí be cbargci outikle the para lie IpqraL 

tíiK\iu\: Hie i/ pankle feeU oo foree whetc the nel elecirie licld duc lo the two d»irihuiHm?c of charge i* jeto 
SET I'p: Thc flckl* can cancel only in Ihe rcjpons A and 8 shown in Figure 22.36. because only in Ihcse rwo 
región» are ihe lwo fichh in oppo*ilc dircciiunv 

50/iGAn 



EXECIYE: E - e gira 



- — and e - X/.tít - 



D.la m - Lít cm . 



The llcldi cancel 16 cm from the linc in rcgiuni A and ii. 

EVAI.CATE: The re%ult n inocpcndenl of the ditfancc belween Ihe line and tbe xhect. The electric ficld oí 
iitlimte %hcci of charec u unilbrm, indepenueni orihe di^ance fnwn the xheet. 



iJme 



FlfKre 22.36 

22.37. (a) li*KXTirv: Apply Ciju«%*s law toa GaiiHian cylinder orienelh / and radium/, wherc a <r <h. and calcúlale E 
on the ti» lace oi* Ihe eyí inder* 

Up: Tbe Gauuian surlace u sketched in Figure 22.37a. 

EmXTE: *j «£(2^r/| 

— Q^ t ^ k\ (the charge on Ihe 

lengih / of the inner conductttr 



' : 



rtj¡urr 22.37a 

a>, , 2=L gi>xí)t £( Irr/ ) - — 

j'. ■ . Tbe cnctated charue i* positive w ihe direciion of E t% radially oui^ard 
2*V 
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|b)S*;T ITp; AppK' Gau»'* law ti> aGauAiian cylinuerof fcngth * and radiu* r\ uhcrc r > cvxs shown m 
Figure 22.37b> 



1 1 
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J 



Pbnrt 22 J7h 



EXECVTE: *¿ ■ £(lax/) 

(P ( - >í/ (die cnarge mi Étc length i 

of thc tnncr conductor that ¡* imtdc 
(he Guu*iaan surt Jtc . (he outer 

)■ 



£ - . Thc endoted chaiye i\ piwitivc w ibc dirccilon of IT t% radiatly ouhvjjd 



Km 

G 



di 



I t / i' :.: b<r<t . 

i : t ■■ . Thc graphof £" vcrai*/* « ¡iLcichcd in Víante 22.3 7c 



r igurc 22.37c 

EVALUA» Iruklc cither conductor £ - 0 Bctwcen Ihc conducto** and tHil*iue both conductor* thc ckclrk ficld 
i* ihc same a* for a lint ofeharge whh linear cfargecVruily A tying along thc a*b of Ihc imer cückIucIdc. 
Id l !d*.m it\ and SKT U?s mner surfacc: Apply GaW s law to a Gauxiian eylindcr «¡Ib radium >\ wherc 
r><r<*\ Wckoow£cciihis*uri»ce; calcúlale Q mtí . 

Kmuitk: Thü «urfacc Uci within thc conductor of thc outer eylindcr* wherc £ = 0, %o4>¿ =0. Thus by Gau»'* 
taw p At ■ 0. Thc ttirfacc cnclosc* charge C4i Ibc ínner conductor *o ti muit cnckue cbarge -X\ on thc inocr 
iurface of Ibc ixiicr conductor Trie charge per unil Length on thc inner mrfacc of thc outer eylindcr h -¿. 
jlt -i mrrjcc: Thc oulcr cvlindcr carric* nc* nci chame. So ifihcrc i* charuc per unit Icnuth ->. on ib inner *urfacc 



be chame per uffljl Scnptb on thc outer Hirlacc. 
EyaIXATE: Thc cketric lícld Une* bctwccn thc conductora originatc un thc súrtate charle on thc oulcr «irfacc of 
thc inner conductcc and termínale un ibc «irfacc charles un thc inner *urfacc of (he oulcr conductor. Theic *urfacc 
chame* are otjual in magnitud: i per unit Length] and opptnilc in «en.. Thc decirte ficld hoci outudc Ibc oulcr 
conduclor origínate from Ibc iutí*cc charle on thc outer mrÚKreof thc outer conductor. 
22.38, loEvnrY: Appty Gau^** law. 

SktUP: ü«e a Gaui^ían turfacc that t% a cyhodcr of radiu* r, Icngihf and that ha* Ibc linc of chargealong ¡ti ax¡*. 
Thc charle on a Icngih / of Ibc linc of charge cr of Ibc tube i* q - ai < 

EXECUTB U)U\ Fi3c ' t í¡auHibu civcUu2írn-£ii-l!i and 

<ü> Thc clcctric ficld \x /ero becau>e thc*c poinb. are within thc conducting malcriaL 
(íü)For r>A í Gaun'*lawgi\e* £<2¡rrf) - ^1 - — and — . 

Thc graph of £ vemu* r t* xke«chcd in Figure 22.3H. 



2M2 Cbapttrii 



(b)<i)ThcGAUi»oncyliiKkrriAiihradiui^ for 4<r<b + mwA encime zero nel charge. %o thc charge per unit knv\h 
on the irmer «irlace i* -¿r. <ii) Since thc nel charge per Icnglh fot Ihc lube b *a and Ihcre i* -a 00 Ibc inner 
turíace. trie charle per unil len^lh un the ixiler surface musí be t 2a. 

EVAU ATF.: For r > b the eketric fíeld b due lo tbe charge on Ihe oulcr surface of Ihc lube. 




Figure 22.3S 

22 .39. j 1 1 i>i \ un : t ■■ , < -i, « ■- ir. io calcúlale £|r)* 

<Í) SiTt ITp: r ApnK Gauwt'i law lo a cylindrical GauMian Mirfacc ol Icn^lh f and radiu* r, «itere a t at 
*kctchcd ¡n Figure 22J9a. 



ft, . ■ o/ <the charge an the length / 
ofihe linc of charge) 



Hfcurv 22 39* 



Thc enclcucd charge i* po*¡t¡ve «o Ihcdirection of E n nidially outward 



][■ g<r<ÍK Pointi in thü región are withra tbe conducting tube. «o /: - 0. 

(mi SíT ITr: Anpty Gauxt'* law toa cylindrical Gau*iaan surfacc oflengib i and 

*kctchcd ¡n Figure 22.39b* 



r. where r > 







«7~" 
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EXECirTE: <t>, * £(2avíJ 

■ aí (tbe charge *m Icrtglh / of the 
linc of charge) (Ihe charge <>n 
kngth/oflhclubciThu* r? ¿0. 



Kilture 2139b 

- gira E (Iffr/J «0and£-Ü. Tbe grapn of£ mu r i* tfccicbed m Figure 2239c 

i: 




Figure 22.39i* 

Ib) IdevitfY: Appiy GauM * law lo cytindrical lurfaccs Ibai lie Jusl ouumIc 
tubc We know £ *o ean calcúlale + 
filSETtP: mner iurfacc 

Apply Gat»*** faw tu a cylindrkul GauHÍan wrracc of fcngth / and radium 



<r<h 
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EXHÍ'I tí 



Thi* *urfacc Uc* uithm thc conductor of thc tubc* whcrc K - 0. so *P : -0 + Thcn by tiau»'s tiw 
ic *urfacc cncbm chargc <W on Ibe une of chargc w> mu*t cnck>*c chargc -a/ on thc inncr wrfscc of 
thc tobe. The charge pcrunil length *m ib: inncr «irfaccof thc tubc is -o. 
(ii) gutgi mrfxc 

Thc nci charuc per unil lengrh on thc tubc ¡* -a. Wc tuve ¿hotvn in paM {i) thal thü mu*i al) rciide on thc inncr 
turface, *o there ¡*no ncl chante on thc outer turface of thc Uibc. 

EVAIXATE: For r •- a thc cketric fícld b ikie only lo thc tinc of chante. ftxr-*h thc clcctric 5eld of thc tubc ii 



thc same ai Ibr a linc of chirle along it* a*i* + The fícld» of thc tinc of chai ye and of thc luhc are cqual ¡n 
ind oppo&iic ¡n direction and *um k> zero. For/*< thc clcctric ficld linci origínate on thc tincof charle and 
termínate on thc airfacc chance tm ihc inncr Miríaccof thc tubc. There í* no clcctric (icIdouitHic thc tubc and no 
turface charge on Ihc oulcr surfacc of Ihc luhc, 
iDEVnrv: Appty Gau»Ti \nw* 

SKT Vvz Uw a Ciau**ían turface that ¡* a cylindcr of radiu*'*and knuih /, and that i* coaxial tviih Ibe cy tindrical 
hharec diMribution*. Ibe volunte of thc Gaunian cylindcr j* xi ! and thc arca of it* currcd iitrfacc ¡* 2&H . Tbc 
charge on a lengih/of Ihc charge dittrtbuiton \% q - Ai . where k & pjrR' . 



(ii)For r<R+ O . ■ /wrJ and Gau&t* law givet £<2aWi 



r.idiulh 



DutwucL 

[b)For r>Jt, Q^-ti=pxR:t and Gau«'% ftv» give* -1 ^_L_ . : ■ . 

DutwucL 

lc> Al r m M+ theclccinc ficld for DOTIt regio» ti £ - *j thcy juc comtstcnl. 
(d) Thc graph of £ vmuxf Uxkdehcd in Figure 2140. 

EVAIXATE: For r>R the ficld iilhc jamca* for a linc of charge along Ibe axiiof thc cylindcr. 




22.41. IdevtiFY: Fir*l makc a frecbody diagramof thc *pberc. Tbc clcclric forcé acti lo thc Icflon x\ since Ihc clcctric 
lícld due lo Ihc *hccl ih hori^mial. Sincc ii hang* » test, thc sphere h in couilibnuni m> thc forecs on ti add lo 2cro 4 
by Nci*ton*K fusi law . Balance horizontal and vcnkal forec componerte* *cpurately. 

S*:rl : r: Cali Tlhc tctuwn in ihe ihread and E ihc clecirk: ficld* Dahncing hori/ontal forvesgivci Txio 0-qtl 
llalancing vcn*cal forte* wc gcl Tco% 0—mg+ Cornbining Ihcic cqualioni gi\"ei tan 0 - f /K-m%, which mcam that 
0- iKUnííjE mgl The clecinc ficld for a thcct ofeharge t\ £-<t2v 

EXEOin StArtitutir^thcnuniberigive^ü* . 250xl ^ < f ,l|P rB L4l«l0 4 NC Thcn 

\ 2(S H S5* 10 C'.'N'm* ) 



-anclan 



[5*00xl0*C)(L4lxl0*NC 
(2 00x10 "kg)|^N0mV) 

EvaIX'ATE: )ncrea*inu thc lleld, ordecrcating ihc ma*i of ihc niherc^ would cau^e ihc >nhcre tohang al a larccr 
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22.42. Idevtify: Apply Gauw'i law. 

SKI ITp: U*c a (IWn iurlacc thai ta a *phcrc of radiu* r and that ta coocenlrk wilh ihc condttiiag ¿phcrc*. 
Exixi TE: (a) Fot r<j,£sO, lince thc*c poinu are uithm the conducling material. 

For ti - ■ '■ .1 — ^ — — ♦ *¡nce there ta * ■/ imxlc a radiui r. 

For A<r<f.£iO. lince *¡ncc ihc*c pointa are wiihín ibc conductirtg malcnal 

For f>c,£s ^ . *¡ncc igain ihc loial charge enclcued ta 

tbíThc graphof ívctmim taxkcfchcd ¡n Figure 22.42a. 

<c> Sincc the Gau&tian vplterc of radiu»*; Ibr h<r <c . mu&i cocióse /ero ncl charge. the charle on moer *heü 
%urface u ^ 

id) Sirtee ihc hollow «phere hai no ncl charge and ha* charge dci jI* ¡ntier «irface, Ibc charge on «uter iheü 
«urface 

<*) The lícld l¡nc% are ikctchcd in Figure 22.42b* Whcrc Ibc ficld ta nixucm. il ih radially oulnird* 

EVAl.t'ATE: The nel charge on the mrter tolid ccoductUig *pbcrc ¡ion ihciurráccof thai ¿pherc. The prcscncc of 

the hollow spberc docs nolallcct ihe clccrric fieW in the región r <A . 





m ») 

Usure 22.42 

22.43. IdevhfV: Apptv Gau*T* law. 

SKT Up: Use a t¡au»¡an turlacc thai ta a sphere of radium y oml that i* conccnrric »iih ibe charge dtalnhuiiora 
EXKCtiTE: (tt)For r<A.£-IX wnce the^point* are tvithtn (he conducling rtuleriil. For ff<r<2A. 

£=— Í — — hecharuccncfoied ta O For r>2R, E - * unce the chara* encfoied ta 2fJ + 

4** r* 4x«. r* 

<b) The grapa of £ vertu* r i* ftkctchcd in Figure 22.43. 

EVAIXATE: For r<2R ihcclcctric Má ta uralTcctcdby the prcicncc of Ihc charged ihell 

E 




22.44. IdeviiFV: Apply Gau«'* law and coruervalion of charge. 

Si:r l T r: U*c a t¡au»¡an lurface that ¡* a ^here of raiÜUícand thai ha* ihc point charge al ¡ta center. 

KxiiC'tiTE: (ti) For r<a.E ■ ■ . radially tmluard* \ince the charle cnclmed » O. the charee of ihe potm 

charge. For <i< r < A, £ = 0 lince ibc*e noinu are wnbin ihc conducling malerial. For r >b* y t — — ^ 
radially inwauL *mce ihe loUJ etickised charge ta 20 



C*am**Lau 22-15 



h: 



GauMian *urfacc wilh radlu* r, Ibr *i< r < • muM encune /ero 



nci ch+triíe* thc total c hatee on thc 



turfacc t* -Q 4JhI (he Kurfacc chargc dctuiry on mncr *urfacc i* ^ 
lc> Sincc thc nci cbargc on thc «hcll k -30 and thcrc i* -O onthc innct surfacc. thcrc muil be -2£> oo ibc ouicr 



turfecCr Tnc uirfacc chaiuc dcn*ítv on 



nuter 



I* <T-- 



4^ 



íd) Thc finid lint* and ihc location* of thc choree* are iketched in Figure 22.44a. 
(ti Thc grapb of £ ver%u* r i* aketched ¡n Figure 22.44b. 




ricurr 22.44 

EVAJ.tATE: For r < d ibe decirle ficld i* duc wlcly lo thc poinl charge Q. Fot r > A thc etectric ficld i* dur 
thecharge -20 Ihal ¡* on ib? outer *urfacc of thc shclf 

22.45. iDEvnFY: Apply Gau*V* law lo a qihericai (¡au**ian *ujláce with radium r. Calcúlale thc decirte ficld al ibc 
fturfacc of ibc Gaux*ian spherc. 

(a) SfcT t'P: (i) J* < - The (i anuían *urfacc i* *kc(chcd in l'ieurc 22.45a. 



EXECirtt: O ff ■Ua.£(4ir a ] 
Ct^. - O; no charge i* cnclo*cd 




a>, *ay* £(4*0-0 and £-0, 

•j 



Fííutc 2145a 



(ü) a < r< h Pointi in thi* región are in thc conductor of thc *mall *hclL* *o E - D 
(üi) Set 1?p: A< r <ít I tiaut*ian *urlacc u *kctchcd in figure 22.45b. 
Apply Gaw*'s Uw lo a *phcrical Gau**ian «ufacc witlt radiu* A< r <c\ 



llic Cíaui*¡an *u?facc enciele* a 11 of thc *rmll 
thcll and none of thc Urac thcIJ. *o fJ„, - *2a 



Ftgut 22.45b 

3 1 — ■— gívc* Al i t, i m' / Sincc thc cnclo*ed cbarge i* po*ili\ h c Incdcctrie ficld Í*radiall\ 




liv) c< r < J: Pointi in thu resion are in the conductor of thc laree shcll. so K - 0 



21 16 Ch*ptrr22 



(vi Si M i': . ■ ■' Amlv Gau«'s law loa sphcrxal < ¡aussiun surfaec with radius r >rf, asshown ín Figure 22.45c 




The Gaus*ian surlacc craloic* all of the símil shell 
and allof ihclargc *hclU*o Q ■ *2d + 4ff- fw. 



FlgUC 22.45c 




"* ■■ Sinee thc cncloscd chuce i* pomihc the cketric ficld i.% radtally out\v;ud 
Thc graph of £ versus r isskcichcd ¡n figure 22.454 





¡r 

Figure ZL4M 

(b> IDEVTIFV and SKT TJr: Apply Gauss's law toa sphere thai lie» oulsidc ib: surlacc of the shell for whidi we 
want lo finJ thc surfaec eharge* 

F\i.n tr; 4 0 eharge on inner sairfacc oí thc small shell: Apply Garas** law io a snhcncal Cuuvtiiut surlacc with 
radius a< /-<#>♦ Tbiiiurtace lies wiihin Ihc conductor of the small shell. wbere £- <X so 4> t - 0 Thus. by Qm*I 
law - 0. so there h /ero eharge on thc inner surfaec oí thc «rail *helL 

rulchargconoutcTiurficcofihcsiralUhcll: Tnc loial charge on ihc *mall shell is +2f. We found «i pan <i> lh# 
there w /cto eharge on ihc inner surfaec *>| *ihc shelUsoall *2^ must rcitdc on thc outer surracc. 
fiü) charge oo inner surfaec of bree shell: Apply Gauss'* law loa spherica) Gaussaan surfaec with radius <r<r <d* 
Thc surfaec lies within thc conductor of Ib: large shell. whetc £- 0* so <t>, - I). Thus by Gauis's law O _ - 0* Tbc 
surfaec ctKloscs thc -2*/ on thc small shell so itere must be charge -2q on thc rnner surfaec of Ibc large thcll lo 
malte (he loial cncloscd charge /ero, 

fivlchargc on outer surlacc of large shell: The total charge on the Urge shell is *-4*/. We showed in port {tul thai 
ibc charge on thc inner surlacc i* -2^. so there musí be -tf*/ on thc oulcr turface. 

EyaMMYE: The cketric field Imcs for b< r <c origínale fiom Ihc surfaec charge on ihc iHiter surúkceof thc 
inner shell and all lemiinaic on thc surfaec eharge on thc muer surfaec ofihc ouier shell Thesc surfaec ehirget have 
rqual maeiniudc and opposile sign. Tbeelcelric fidd lines for r>d origínate írotti thc surfaec eharge on rhe oulcr 
surfaec of ihc tnricr sphetc. 
lDEVtir\': Apply Gauss s law. 

UP: Use a Gausíbian turfaec that is a sphere of radiusrand that is eoneentric wilb Ibc eharged shells. 

(a) ■ : ■■: . r . i. since ibe eharge eneUtscd is /ero. lili For a < r < r>,£ - 0, sinee ibc points 

: eomkieung material, (iii) For b < r «\ E - — !— ^ outwanL anee eharge cnciosed k +2q. 

fivl For c <r <d+ £ -Ct sinee the rxiinit are svilhín Ihc eonduetíng malcrial (v) For r >d. E - 0. sinee thc nct 
^harue cncloscd is/cro* Thc graphof E versus /- is sfcclchcd in Figure 22^6, 



ib) (Í)imall*hcllüwr*urfaw;S^ lar a<r<b. mu* cocine /ero ncl 

¿haruc. the charle on thb surfacc b /ero, (ii) imall %bcll ouicr surface; -t2*j . nii) large tbcll inner Mitíacc: Stncc 
i Gauuian súrtate wiih radius t\ for c<r<d* inust cnclosc /ero nct charge* thc charle* un ihU surfacc b -2q . 
[iv> large ihcll outer m< Jare: Smcc Ihcrc b -2i/on Ihc ¡rsicr surfacc and Ihc total charge on th i* conductor ñ -2*/ , 
thc chai ge on thu %urface rt /ero. 

EVAJ.tATE: Thc outer dttll has no efTccton Ihc clcctríc 5cld for r<c . For r > thc decirte fickl bduconly to 

flhe faraershcli 



Figure- 22.46 

22.47. Ihh.N'nFY: AprJy Gau»'s law 

l'P; Use a Gau*sian iurlacc ihat is a sphere of raifaus*' jtk! that b concenlric wiih Ihc charged shclls 

ítj íi)Forr<<j,£-k since cbjtfgc enclosed u /ero, <ü> a<r <b. E -0. ÉCI thc poinu are 



f¡ii|Forr><r<c.£ 



í, ouiwani since charge cnckned b «-2$ 



iMlm* vi^ íü: -0. xince tbc poinls ate «nluit ilw conducho? maicri&L fvlFor y - ti r A' - • — iimud, 

tinte charge cncfcucd b 2^. Thc graph of thc ndial componcnl of thc clcctríc field verau r b skelebed in 
Figure 22.4?. wherc *c use thc convcnlion ihai ourward ñcld b posilive and inward lield is ntgarívc. 
Ib) (i) small shcll mner *urface; Smcc a Gauxuan surfacc wiih radius'% fortf < r<b+ must cncioscrcro nct 
¿harec. thc chai ce on thb surfacc b /ero. uii small shcll ouicr surfacc; *2q. OiO Urge shcll mner surfacc: Since 
i Gauuian surfacc w hh radius r, lor c < /■ ' : i/ t musí endose /cn> ncl charge* Ib: charge on thb surfacc U -2f . 
( ivj large shcll outer surfacc: Since Ibcrc b -2¿f on thc inncr turljcc and thc total charge on ihU conductor ix -4*^. 
thc charge on thii surface b -2^. 

F\ Ai i a íi : The outer ihcll has no cllcct on thc clcctríc 5cld for r < c * For r > Ihc clcctríc ñcld i* duc ooly lo 
thc charle on thc outer turlaccof ihc Urcci >>hcll 



Fttm 22.47 

22.48. iDtVfiFV: Apply Gaura's law. 

SKT UP: Use a tiau»¡an turlace that b a snhere of radiUN^and that b conccnrric wiih ihciphcrc and sheir Thc 

voturncof Ihc ¡mulaling sbcll b I* x||2J?I - Jf ) - ^Itf . 



EXKt'tiTE: <ti>^ero ncl charge rcquirc* thal -O 



3 



30 



\bt For i v /¿. í - Omhcc ihwrctrumis wilhin Ihc conductíng spbcre Forr>2A. £-0, sínce thc ncl charge encloxcd 
by Ihc Gauuian surfacc i*-¡lh Ihb radius b «rro. For R<r<2R t Gau»'i bw gívcx £í4ar í )i^>Í^ir 1 - /¡*) and 

^ r >_£- r (r fc -/í l ).Sur»üiuiing ^ from pan <a>give* & Thc ncl cnclcned charge lor 

Jíc/" »%r 7^< h ^- 2*t»^jí 

cach r ín ihts range i% ponitive and ihc cleclric fickl b outward 



22-11 



(c>Thcgraphi**kclctedin figure 22.4*. We*cc a dmaMinuity in gotng Irom thc conábetog iphcrclolhc 
itiMiLtfitf duc lo ihc ihin turíjee chame of the c<*>dixt»tT£ ¡tprKTC. Jim uc nee a 
turulato? lo thc lurroundinc, *focc, 

EVAIXATE: The expresión for£w¡thin the tn Aibtar give* £ -Ojí r -2R 




Jt 

f isurr 22.4* 



22,49. IdkvtifV: l/w Ciauis's Uw u> find ihc c Iceme fidd C produced by thc *hcü forr<ff;uxlr;>ff and then 
f = q£ to find Ihe forcé the ¿hcll exeru on ib: poirrt chaígc 

<■) SCT lír: Apply {«aw's Uw lo a sphcrical Gmiwian mrfrcc tlui lus radiu* / .- aml dial ii 
thc shdl. » *ketchcd in Figure 22.49** 




EXECITO: a>¿ = JT^jrr* | 

tu --a 



ZL» É 



Thc mognitudc ofthe fictd a E » " ■ and it u ditccied lowani ihc coticr ofthe ¡thclL Then r 7 - 

dircctcd towajd ihe center ofthe shcll {Since q i* ponlne. K mdF are in the ume direction.) 
IbtSKTlTP: Apph' Gmi»*i law toa iphcrical Gatrt«ian surfacc ihai ha* radiu* r<R andrhalii 
ihe thdL a* ¿kclchcd in Figure 22.49b. 



EXEdTC: *¿ - E( 4tt' 



Figure 22.49b 

Then £-0*>F»0. 

EVAl.t'ATE: Quttide the dicll the elcctric ftcld and ihc toree it exertt ii thc 
u the eenter of thc *hcM. Incide thc shdl f - 0 and ibcrc is no forcé. 
lOEvnFY: Thc mcihod oí Kxampíc 22.9 ibow* thal thc cleclric field oubick 
c hatee of ibc xinic eharge loeaied al the cerner of Ibeipherc. 
SElUF: Ibcchargcof an electrón has magnitudc *■ - 1 .60 * H» '*C . 



with 




«ame a*. Ibr a point charee -O kicaicd 



Guise* Uw 22-19 



The number of execu clecirun* i* 2.S8xlO C = 1_80»< 10** cleclron*. 

160x10 ^Cclcclnin 

<b> r-R + QA00m-02S0m. f-A^J-jKWxlO* N rn^C') 2 ^ 8 * 10 f »4I4 NC. 

r (O 250 m)" 

EVAI.CATE: Thc magnituetc of thcctceiric ficld dcerea*cs according tothe *t|uarc oí thc ditfancc liom Ibc ccnlcr 
of the *phcrc- 

22.51. lD*:\nKV: Tbc net clcctric ficld i* Ibc vector *um of ihc ficld* duc ti> thc shcct of charge on cacb surfacc of thc 
pUtc. 

Sit IT: Tbe clcctric ftcld duc to thc shcct of charge on eacb surftee i* E- a 2*, and h directed awav from thc 
surfacc. 

EXTXUYE: ía) Fot thc conductor Ibc charge shcct i>n cach ¿urlacc produces liclds of macniiudc ít 2c, ¿nd inthe 
same direction* so Ihc loial ficld is tw*x Ihi** ce trtq,. 

ih) Al points in*¡cfc ibc píate thc ficld* of ihc shcets of charge oncach *urfacc are cqual in magnitudc and cppotite 
¡n direction. *o their vector *um U /mv At poínl* oul*¡dc thc píate* on eithcr tide* the ficld* of Ihc mo *hccl* of 
charec are in the same direction w their macniiudc* add, giving E - trf*, . 

EVAJXAYE: Ciau**** bw cu* abobe u*cddircctly lo deternune the liclds m thc*c región*. 

22.52. IDEXT1FY: Examplc 22 9 give* the cxnrenion Ibr Ihc clcctric ficld both Ín*idc and tnjt*idc a unifctmly chirgcd 
*pbcrc- Use F = -r£ to eakulate thc forcé on thc cleclron. 

ttlVn Tbe *phcrc ha* charge (?«**. 

Ex»:ctTE: (a) Only al r - 0 i* E - 0 for ihc uniforrnty crurged spherc- 

(b) At points inaide ibespherc. £ ^ The ficld i* radully ouhvvd. / ■ -<E « ^ Thc minu* tign 



dcnoic* ihat /■ is radially inward For*¡mpW hamionic moitorv / - ~kr - >■ . where & - s/k m -2a f , 



f\ * -m^'r s - i m ai- I and t - — I 



ícHf /-4.57x10 a * Hz- — 



i-JJ-C ta í-'l— , "T" ^ r -I.U«Mr-m 



The atetti radium in this rnodcl i* ihc corred o 

(d) IT r :*R . - — ^— and f ■- — 1 — - The elccin>n would sull oscillaic Kvause the forcé i* directed umurd 
4T*,r 4x^r 

thc cejinlinnum posilion at r — 0 + ttut thc motion Wiiuld not be simple harmonio, mocc E is proporlion4l lo I ¡ and 
simple harmonn: motion requite* that the re*toring forcé be proponional lo ihc displacemeni fiom equilibríum. 
EVALUAIS! te lone a* ihc initial dnpUccmcni i* le» than R thc frequeney of the motion i* independent of ihc 
inillal di*placcment + 

22.53. Ipfcvnrv: The<c ts a focee on coeh electrón duc lo Ihc other cketron and a forcé due to the tpbcrc of charge^ Use 
Coulomb* s law for thc forcé bctwccn thc cleclron*. Examplc 22.9 gi\e^ E ¡mide a unilbrm sphere and Eq^21.3) 
gives the forcé. 

S*:r Up: Tbc pcuüion» of ihc clccUvtn* are sketchedin Figure 2153a. 




Ti^ure 22.53j 



21 lú iliaptr r 22 



Kxr.M TK: Connder the (orce* on electrón 2. THcrc ¡sa repukivc Ibrcc F. due to thc oihcr ele tirón. eleeiron 



Thcclcclric Iicldin*klc ihc uniform distríbulion of positive chante ¡s g» ■ (Example 22.9) É wherc 0 = >2¿ 

Al thc positionof electrón 2.r-d. Thc forcé £ á exerted h\ thc potitive char^; dúlribuiton is í 
ind atlract ¡ve, 

Thc Ibrcc diaciam for eleeiron 2 is giren io Figure 22,53b. 

F <4 f, 



Figón 22.53b 



Nci (orce cvíuik /ero inuiltci f-K am. r T 

Thos (l.4J ! ) = 2rf R'.tod* -R' &mdd -Rfl. 

EVAJXATE: Theckctric fícldi>f thc ¿phere ¡s rriiaHy oulward; ¡t ¡s «ro at Ihcccnterof thc tpbcrc and t 
with dislancc rrom Ihc cerner* Thc forcé thü ficldcxcrts en ene of ihc electrón* i* ladiatly inward and lacrease* as 
thc eleeiron tí farther fn>m thc cerner Thc (bree frorn thc other electrón h radially outw anl is infinite unen - 0 
and dccrcascias d increa-ie* tt n rcasonablc therefore Ibr Ihere lo be a valué "IV for which these &trcc* balance. 
22.54. loEVnrV: Use Gauis's bw to fínd Ihc clcctric ficld both insioe and twuidc thc <dab + 

l'r: Use a t¡auss¡an ¿urlacc that hasonc faccof área A in the yz plañe at x = 0. and the olhcr face at a 

valué x. Thc volurnc encloscd by sucb a tiauisian lurlace \*Ax. 

(a) Thc clcciric íteid of Ihc «lab must be ¿ero by vymmctry. Ihere i* no preferred direcixm ín the yz 

plañe* %o the clectric Ikld can onty noinl in Ihc .v-direction* Bul at Ihc origin*. neither the positive ñor negativo 
\-directicni *houkl be nnglcd out as spccia), and to ihc ficW musí be /ero. 



r r 



ib) For v I . < ¡aus* *s hr>v i»rvc*£4 ■ i^i L-L and E- -L-L with dúcctíoD unen by — f <away Iromihc 

n «. * 1*1 

ccnlerof thc ¿lab). Note thai th« cxpre*sÍon docs give £ - 0 al x>d Outeidc the *laK ihc cncloied eharge do» 

not depend «n .r and » equal lo pAd * For t i i.' Gauu*% law uívcsl EA - ^" *' - and // -i^L . agani with 

11 % *» *. 

dirección inven by t - 

EVAIX'ATE: Al the snríace%of thc slab, x ~td . For these valué» of x thc two cxprenioru Ibr ^(Ibt inwle and 
outitdc the ulab) eivc thc *amc residí. Thc eharge per unit arca <r oí the tlab is given by &A ■ pA\2d\ and 

pd - o*i'2 . The rcadt íor £ oulside ibe ilab can ibcteforc be ntitien as E *~ 2t. and is the same as for a ihin ihed 

of charge. 

£2.55. (ailitfiMin andSET llP: Considcrthcdircetionof Ibeílckl for.r ¿lightly greaier than and «It^hily lc*s ihan /cto + 
The ilab is ikelehcd in Fiirure 22 55a- 



Fíjturt 22,55a 

EXKCTt TF.: ThccKiige dutribuhon «symmctnc aboui v - (K ii> hy wnimctry £(ar) = £(-ar). Dul Ibr.r ■ Orbe 
ñcldisindie +x direction and for* - 0 the llcldisin the -t direction. Al x - 0 thc ficldean'lbebolbin the 
f -rand -x direction^ lo murt be /cro + That ¡*, £ (t)»-f (-* (. At point * - 0 thú gira £ (0)^-£ (0) and 

thb cquation i* sattstled only for ií \0\-l\ 



chiufi'tUw 22-21 



\ht ísmtam andStTUr: \x\>d (ouuidc ihc slabi 

Applv finí»*'* Uw lo a cy tintine al Ciauuian «urface whosc asi* i* |x*nvndj¿ular to ihc «lab aml whtttc end c 
nave na A and are ihe wme ditfance | < | > *f frorn »— G\ a* *ho*Ti in Figure 22 55b. 

i 



lié* 



Figure 22,551» 



r- - - -> 

i 

I i 

\ i 



i 

I % 



Tofind conuderaihinduLat 

HHirdinaie x and with thickneu dx* < 
thown in figure 22_55c The chaire 
wnhin thtidtsk ¡* 



tnd tvhtwe end cap* 



HgUZUSc 
The total cbarge cmloxed by (he Gauvtian cylinder u 

Theri <t>. - give» 2£/J ^ lp+Ad f 3*. 
% 

is direcled away frorn i ■ 0. sof; - j,r*í V H v |v||í. 
iDEVTtFY and M r l>: | | d ün*idc the sbb) 

Apply Gaid*'s Uw lo a cylindncal Gaunían airface wbcue ax¡* i* perpendicular lo ihc dab 
nave área i and are Ibc *ame ditfance |r| < d frorn x - 0. m *hown in Figure 22,55d + 



EXEClTt: - 2EA 



rifare 22JSd 

6*t ■* loui*d a» above. but no» (he integral ooífr w onty froio 0 to .v in*(eadof 0 lod. 

Theo <t> t grva 2EA a I/vCvV^rf 

E « direcled *i*ay from t - 0, %oE - (¿y:'- 1 3* - £r J (/. 

EVAIXATE: Note ihat £ - 0 * x - 0 as itatcd ¡n partí». Nole abo itol the exprcraions for |,| .' |> | i 
agree §m x - J. 

22.56. IdevtifY: Apply F - qÉ to reble the forcé on 17 10 the eleetric fícld al ihe locación of ^ 
Sti l-p: Flux u negative if the electric fícld bt direcled ¡«o Ihe encltued volunte. 




11 11 



Extui TF.: d) Wc could place* rwo charge* tfJoit cilber *h!c ol' ihc charge +^ , a* *btmn in figure " 56 

Ib) In order ft* thc charuc to be vtabk, thc clcctríc ftcld ¡o a ncighborhood around it musí alwav* mi mi hack lo ihc 



le) IT q a moved lo ¡nlinity and wc require Ihcrc lo be ¡m clcciric ficldalwuy* pomting in lo thc región where q 

had been*. wc could draw a uruill Gausnian tutfftcc mere. Wc would find thal wc need a negauve flux inio (be 
turfacc* That ¡* t there han lo be a negative charge in Ihal región. Howcvcr» ihcrc is nonc, and io we carmot gct such j 
tlablc cqulllbriunv 

(d> For a negalive cbarge lo be in rtabíc cc|uilibrium. wc nced thc decirte fiekl lo ahvay* poinl away Irom ihc charge 
po&¡t¡on* The argument in (ck carriel through again* thrt time implying thai a pos» ti ve charge musí be in Ihc «pace 
where thc negalive charge wai if ^bkcqüilibriuniiitobcaltaincd. 

EvaIX'ATE: Hq it displaced lo thc left or righi in Figure 22.56, thc net forcé i* directed back toward Ihc 
equilibnum pot limn. But ifq n displaced * lighlly in a direction perpendicular to thc linc cortnccimg ihe ltv« charles 
Q. then ine nct forec on q h direcicd away Irom Ihc equiKbríiiDi posición and thc cquilibrium i* not Mabte for *uch a 




O — : — <> — = — H# 

Q * 0 

22.57. rfr)-j\A}-r ■ ¿?| rorr s & whete f\ - xií\ piri-OforrZR 

(a) Ijskxtiiv: Thc charge dcn*.ilv varíe* with r mude thc *pbcrical votante. Divide Ine volume up into thin 
conccntric shdlft, of radiui f and Ihickncss d>\ Find Ine charge *tq in caen %hcll and inicg rale to find ihc loial charge. 
Ski Up: Thc thin vbell i* dcelcbtd m Fnjurc 2157a* 

EXEfXTE: Thc volunte ofíiidi 
aihcIl i* <SV**xr*dr 
Tltc chafc.c coniaincd wilhm ihc 
*hdl i* 

Figarc 22.57tt 

Thc total cbarge O in ihc charge dixlnbuilon i* obtained by iniegrating^ mer al! such «hclb into which thc *tpbcrc 
canbenubdivided: 

gai^ÍL- L_J ¿ 4^^-^j-4^(ff l /12)«4 < r(3r2; < r/í , )4JíVl2)*0, as wu to be *hown 

\ht lotvnFT: Appry Gau^» law loa sphcricaJ suttacc of radium r, wberer > H. 
%Y.f l.Tpi Thc tiauuian xurfacc » thown in Figure 22.57b. 




Picure 22.571* 

0 

E - ■ ; *amc a?t for point citarse i>f chante Q. 

le) lOEvnrV; Apply GauM k % law lo a spherieal surface of radium r, wherc r R r 
SKT Up: Thc Gauuian turfacc U xhown in Figure 22.57c. 

EXErtTt: O.^ 6 




HKurc 22.57c 



Gw«'*Uv 22-13 



The calcúlale ihc cncki*cd chuce Q„ ml use ihc 
ft {Wc wjm thc chuce üvai i« inside nxJniwj 



Mxhniouc a* m parí u), except movíate oui lo rraiher than 



2. 



Thu* fon**** Inw gire* £(4*/^)-£^j^4-J.i 
(d) Thc grapa of £vct*u*j i* sketched ¡n Figure 22.5?d 

E 




2*P 
Pira* 22^7d 



■v 



le) Where Uieeiectric ficld b a máximum. — -0. Thu* — ' !■ — | 

df de\ R 



Al thi* valué oír, £ 



O (2R 



í 2R 



EVAIXATE: Our expresión* for £(/-) for r < and for r > R agreeal r«Jt The rc*ult*of pan (el for ibe 

valué of r where £(r} i* a máximum aeree* with ihc grapb in pan (dV 

22.58. lofcvnn - : Apply Gau**'* i™. 

SKT UPi U*e a 1 1 ■■ ■■ >¡an luxlacc that i* a *phcrc ofradiu*** and that b conccnlrk *iih me *phcrical dbtribuiion of 
charec. The votume of a ihin *phcricaJ *hcll i>f rodil» r and ihieLnei* rfr b dV — Axr'dr * 



»-«4f¿S]"- 



The total c hatee :i ¿ero. 



Ib) For 



hlFor í¿ ¿4-fisL«_ t r Mr')r' i dr'. £4» J --2k [»- — \'r'*dr' and 

"d-ill-A,fi.£.l 

3 JJíJ J< [ RJ 



iú) The grapb of £ yctku* r i* sketched ¡n Figure 22.58. 

l*>Whíre£bamaximum. — ^0 . Thi* give* £l-Í£¿¡sl s Q and r -—.Atinar. - II ■ *5? 



11 14 



EVAJXATE: Thc rcMilt in pan <b) for rslígivc* £-0ai r ■ R ; thc Mú i* continuos al thc ¿curfacc oflhe 




Figure 22.5S 

22,59. ipKvnFv: Follow thc *icpi %pccilicd in thc problcm* 

SKT t i 1 : In *pber¡cal polar coordínale» M ■ r 1 sin OdO d&r\ ^mO <.h> ¿$ - \z 

<b) For any cloicd lurlacc.. ma** OUTSIDE ihc iut face con tribute* reto to thc flux para intf. ihrough thc *urfacc< 
Thui thc Ibrmula above holdi for any uiuation wltere m ¡* ibc mai* cncloicd bv ihc Ci jui*ian 



That b. 0, - jg di - -4rC.U m ^ 

E\ AJX'ATE: The minuA vigti m thc cxprci*¡on for thc (lux *¡¡rnilici that ihc flux h directed inward. 
22.60. lotvrtFV: Apply fyi'&m-AtcGM^. 

SKT UP: Uw a Ci aui*¡an lurfacc that i* a *phcre of radiu* ronecntric with ihc max* dUinhutiork Lcl $ dcnoic 



EXKí'LTE: (u) Use a tiauixian iphcrc wiih radiux r > Jt , where R ¡* ihc radni* oí thc man di*tríbution* g ix 
conxlunt on thc* *urfacc and Ihc flux í* inward. Thc cncloxcd maxi t* M. Thcrcfore* & t ■ ■ -4x0*1/ and 

au 



Mr 1 : ti' . 



^ - — -r— . which n thc *amc ai for a pomi maja. 
lb)ForaC*uwaoiphcreüfradtui r < R , **cre ffii ihc radiui of thc *hcU\ flí^j -IXxogaO. 
[c> Uv a Gamitan xphetc of radiu* r<M , where jf ix thc radium of ihc plan el Thcn Af Al » ¿^¿jrr 1 J « 



EVALUATE: Tto irAcrically lynrnciré diitrir^boo of maxi re*uh* ¡n an uccclcration duc togravity ¿ Ihal ¡x 
radical and ihit dependí onty on k thc dixiancc from thc center of thc man dixtribution* 
22.61. (a)lDEMtFY: U*c E\r) from Example (22.9)<inx¡de Ibc iphcrcl and reble ibc poul»on vcclorof a point imide 
thc *phc<c mcasured frorn thc origin lo Ibat meaiurcd from thc ccnlcrof thc «phere. 

Su 11': For an iniulaiing inhcre of uniform charge density p and ccnleredai thc ort^in, Ihc electríe ficld íruide 
thc sphere h givcn by E-Q^tAxtR' (Ivxartiplc 22.°)* wnere f ii thc vector frorn thc cerner of thc iphcre lo Ihc 
p«nt where K ii cakulated 

Uui p - $Q\AxR* io rbU may be mitcn a* E - pr?3^. And £ i* radially outi*ard + m thc direcltoo of 
r-. J* 



Ciau»**Lau 22 25 



For a xfihcre whoic cerner k localed by veemr b. a noint mude thc sphere 
r «r reía ti ve lo (he cctitcr «f the *phcre* a* *hown m Figure 22.61, 



EXEtvre: Tltu* 



located by f k located bv thc 




F-5] 



EVAJXATE: Whcn ¿ - 0 thü reduces to (he rexull of Exaraplc 22.9, Whcn thix gire* £-0 t whichb 

correct sirve wc Know thai £ - i> al thc cerner of thc *fthctc* 

|bt IpemikY: The choree dutnbuUon can be rcprc*cnledasaunifomi *phcrc withcharec dcntily p and cenicrcd 
tí thc origin addcd (o a unilbrm iphcrc wiib chargcdemiiy — ^ andceolerrd at r —b, 

SCTUP: É » ¿^p» + , where tithe ftcldofa uniforniK durgcvl spíw:v with cbarge cknvily ^ and 

« ihe Ircldoí a tphcfc located at thc bale and with charle dcn*ily p (Withjn ibe iphcrical holc the nct 
tharec dcntiiv b +p - i7 - 0. ) 



Ex>;c LIE: 



í— - , whete f b a vector rrom Ibe cctitcr of ibe ¿pherc- 



p at poinu iñude thc hok 



EvaJX'ATE: lí ¡* independen! of i «K uniform insude the holc, The direclion of £ iniidc the bofe ¡* in Ibe 
direct ion of ibe vcclor b + (he direct ion ft oni (he ccnicr of ibe in^ulai ing jnhere to (he cenicr of ibe hole, 
22,62, iDEvnn : We firrf ftnd (he ficld of a eylinder off-axi*. inen the cketric fíeld ín a bole ¡n a eylinder b thc 

dilíccence bcrwccn two clccrric fictdv thal of a xotid eylinder on-axb. and one orT-axb* at Ibe locación of the bole. 
SET Up: Let r lócale a point wilhin Ibe holc. relaüve to the axb of the eylinder and leí P lócate thn potnl rebine 
lolhcaxb of Ibe hole. Leí í lócate Ibe axii of Ibe bole reialive to the axbof thc eylinder. A* «boira in Figure 2162. 

r*r-b , Problern 23.48 xhowx Ibat at poinb. within a long imulaling eylinder 
Note ihai £ a unifornt 



2^ 2< 
EVAIXATE: Jf the holc is coaxial wjth Ibe eylinder A- ftand A" - 0 




í iiurt- 22,62 



22-2* (Tiaptt r 22 



22.63. IdevtiFV: Tbc clcctric freíd al cach point e* the vector *umof the fcld* ofihc lwo chargc dittribuiionv 



UPt Irtsiik a fphcrc ol uniform positivc charuc. E m — - 

0 30 í> 

jt- ■ - i w K - diracicd awav from the cerner ol ihc fphcrc* OuLtidc a «phcra «f unifonn 

positivc charle. A - — djtccicd away from thc ccntcr oíihc sphere 

EXECUYE: (ti) r - 0. This poinl ¡mide «phera 1 and outeide spbcrc 2 Thc ficldi are %bowo ¡n 
Figure 22.63». 



. 0- _ 



4mA 



■ 0. unce r¿0. 



Ib) .v- R .'2. This poinl i* ¡mide sphera I and ouisidc sphere 2. üach fícld is direclcd away from thc center of thc 
tpotre ibat produce* it Tbc ficid* are ihown ín Figura 22.63b. 




g 



i*ilhr-/í.2*o 



Figure 22.A31» 

Í,t-L mlbr-3tf/2jw£.- — 2— 



■ ihc - i durclion and 



Ic>*- £ Tbii point i* al Ineiurfaccof cach sphere, The fieUs nave cqual magnitudes and opptuiic dirccüooi. so 



fd> x - 3*. Thb poinl w ouííhIc both 
ii. Tbe fíckU are *hown in Figura 2163c. 




Cach freíd n direclcd away from thc ccnicr of ihciphcrc Ihai produce* 
36**,* 



0 O 

so 



rn thc * v<hrcciionand£ - 



EVAJ.CATE: Thc fcld of cach sphcrc b mdiaüy outward from ibe ccnicr of thc ¿phera. Wc musí u« thc corrcel 
cxpra&ion Ibr E{r ) forcach ¿phera. dcpcrKhngon whether thc ftcld point b mvide or ouuidc ibai *phcrc. 
22.64. tDfcvn*\: Thc nct clcctric freíd al any poinl is ibc vector sum of thc fícld* at cach spncrc. 

St v l.Tp: Examplc 22.9 givcs ihc clcctric freíd imide and ouuidc a urúTormly charged ¿pherc. Fot ihc pcuitivcly 
charged sphere thc fidd i* radially ouiward and fot thc ncgalivdy charged sphere me clcctric fcld \x radiatly 
rmmcL 



(¡4U*3¡ , « L*» 22-27 



EXKt l TE: ía) Al thii poní ihc Ilcld oribe Ictl-hand iphere n /cío and thc lield ofthc riuhihand *phcíc ¡h loward 



4*< ( 4fl 

(b) Thw point i* üuide thc ktVIund sphere, at 
Hcldi are in (he i dircciion* 

"4*4 *' (3*/2) 

(c) Thw point ts tr.itsiii: hoth tphctt'i, at a diñante r - íf (rom ihcir ccnicrv Both lield* are in (he *-t'dirccbon 



cihci 


i.-ht :i, 


nd inhcrc. a di* 


aotc / -2Jf fromiti 


widi 


t thc rii 


rhl hand *phcrt 


Bt . ífl : Both 






: 1 170 : 
f —i 




3F" 


9/¡\ 


4x(, IM* 





4rc . 



: thc nshí lur.J i-- ir: tltc MEncÜCB B - 



Zs^JT 

(di Thw point i» ouisidc both ipherci. a dnunce t - Ni frorn thc center of ihc kfi-hand iphere and a diitancc 
t - H from thc center oíihc righi band iphere. Thc ficldof thc krt*haml «phere ¡* in ihc *.t dircotion and thc Ilcld 

■ r q q 

FA'AIXATE: Al ¿II point* on thc x-axi* thc ncl ñcld is paxallel lo tbc x-stn. 
22.65. IdeXTOY: Lrt -<ftO be thc elcciron charge coniatncd uithin a ^ncaUhdl of radium ^andlhicknc*s dr\ 

Intégrate /fromQ toz-tofindlhe electrón cbarge within a snhere of radiu* **. Apply tiau**'* tav toa tphere of 
radiu* r lo find thc decir»: ficld £ (r) . 

l 'P: Thc volumc of thc *phcrtcal *hcll i* rfl' - 4,rr*' . 



Mote if r — * íc, 0(r) — ► 0 ; thc toul nct cbarge ofthc atoen j* seto. 
Ib) Thc cIccirK ficld c* radially outward. Ganx«'% law give* £i4^r* ) ■ 



(t > Thc graph of E mu» r b sketched io Figure 2161 Hliat b plottcd b ihc *calcd oqtol to £ / ^ n ^ , versu* 
«caled cqual to r/d^ . f ; , L ^ = — ^- n thc ñcld of a point charge. 

EVAl.t^'ATE: A* r ->0* thc ftcW approacbci that of thc pttsitivc point chargedhc protón). Fot ¡ncrcaMng e ihc 
clcvirx Ilcld falk to/ero more rapidly Iban thc \fr' dcpcndcnvc lora point charge. 
SetMff 
IDO 



an 

lid 

un 
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Fítftirr 22.65 

22.66. iDEvnrV: Inc charve in a iphcrtcaUhcll ofradiusi and ihkkncu dr u ttP- ptr)for* dr. Applv Gíuw's law 



i "r: U«c a Gjut^ian turlacc that \% a ?>phcrc of raibuM*. Lct Q be thcchatiíc in thc región r *: R: 2 and let 
[> be thc charge in thc región *bcrc Jti'ISrsff. 
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[a)Tbcloial chargc h Q-Q. +Q t + whete g - <¡ "' J ' " ' — — 

3 6 



anJ a — . 

4R ) 24 24 

Ib) For . Gmj**'* law me*.' "' *" and /. — ■ » For R f 2úr^R, 

' ' B 3-, 3*. Í5Í%F 



(d) For , F t - - > / . L ' . .- ■ , ¡¡ : ^. ^■m.-. upon di*pUcerncnf lo the finí power. aad 

wi* luvc simple hjntHxiic molían. 



EvaIX'ATE: <f ) If thc amplitudc of atciltation i* greaicr than U / 2, (he (orce i* no lottgcr linear in ¿cid ¡x ibu* 
no lonucr «imple humóme . 

22.67. lD*:vnt"Y: The clurge in a ¿phcrical «hell of radio* s~ and Ihicfcncta ér » dO - pir\4xe~ dr . Apply (¡aus&'* law + 
SeT Up: Use a (¡ju**ian *url3cc thai \% a «phere of radium'*. Leí (?. be (hecharge in (he región r s Jt/2 and let 
P, be thc chuce in thc región tthere R 2 5 r £ **c 

EXICim WTbeloialchargebe-e^a^whcte £, - 4*í * "iüLrfr -^¿^L-J-a-t/c* ind 

** 2ft R 4 16 32 

- 4x*{; .(I -(r*)V'*- WÍ^-^l-^-ír'. Thcnr.ort. ^«f' -^»*' . 



4SW> 
~ 233**' ' 

|b> For r 4 ff/2 . O*.*'* law 8 i«* - — í ' — *' - — £ - — - i?^. For ff/24r4*, 

«, «, J " * «, l 3 24 7F 160 J 

128 # # ^ I 51 Jf J dSO) 233.ny^3líU S\R/ 1920 1 

P ■ .tince all thc cbarge b cncto*cd 

V ' p 120 233 

(d) £ ■ ^ usmg cilher oflb: eleclric fiekl expfestion» above* evaluoted Jt r- /í 1 

EVAIX'ATE: (el The forec an efectron i*ould feel nevef i* proportional (o —r wbich \* neceisary Ibr ampie 
harmimic mcilbtions. [i a owilLalorv mikc (he íbice ¡* al* as h i ailncti^ bul II has thc wrung powc* of r lo be 
limpie barman te moción* 
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LVL IDEVTIFV: Apply Lu. (25 2t lo calcúlate ibc work* The electrie poten t i j) cncruv oía pair of pomi charle* i.% given 
by Eq (23.9J. 

SKT Ijp: Let ihc initial po*ition of ^. be poini 0 and ihc final po&íiion be point 6, a* *hown in Figure 23, L 




IU5Q rr 



0.150 m 
r, - ^(0,250 id)' * (025O mr 
k -0J53f>m 



EUCUHE: W t ^mU-U 



v 



L' B-a61K4 J 



f/^J-MiMS^.IO-N-m'/C^- 2 - 40 - 10 '"- 4 - 30 " 0 ^» 
1 T< 4 0J536oi 

Í/ A * -0.2623 J 

IT^^-L^a-O.ÓIM J-(H)¿62J JJ--0J56J 

EvaJX'ATE: The atiniclive foree oo it towaid Ihc origin* so ttúoa negalive woric 004* when </: nwct ta 
t Jtüor r. 
23.2_ iDEVrtFY: Apply 

ScTUK t/^-tMnl»* J Solre Ibr tf* 

EXEtlTE: »;^— 1.9xW* 1*V,-V^ U h *V m -W 9 ^*\AxW* l-i-SA*\Ü* J)« 7.3*10* J. 

Ev AJABATE: When ihe eleelnc fecee doe* negative wtrk the ekcirieul |x>(ential energy inervases. 
233. IDBKTIFY: The w&tk needed 10 ¡usemble (he nucieu* i* ibe Mimoíthc eketheul poientul cnergíe* of the protón* 
in ihe nucleu** rrUtivc 10 iafmity. 

Skt Up: The Ioíj] poiential energy « the *calar *um of *ll ibe individual poiential energie** whetc cach poicnii&l 
energy ¡s 6* = (1 >'4x^ H*/V-- O. l'iieh charle i** 1 and ihe ^har-íc* are equidistan! from cach other. w ibe lotal 

putential encrgy bl'- — !— í— +— 1= - 
4*41** r r/ 4r<v 

Exuct tf.: Addmg ihc poiemial energíex gtvt» 

IJ .J¿_.3|l^lO-"C^x| B 'N. M '/C') aXM|(10 .,, J . 2j , 6MeV 
ta-/ 2.00x10 ro 

EVAIX'ATE: Thn i* a *mal! amouniof enetgy ona macroicopie *tale. but on the seale of aiom** 2 McV 11 quiie a 
lot of eneruy 



23-1 
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23.4 IdevhfV: The work rcquircd * thc c han ge in clcclncal potcniul cnergy. Ihc protón* garn ipecd ufter being 
«Icaicd bccMe Iheir potcnhal cneryy ¡a convertid üilo kinetic eo«gy 

.i' 1 :■: Uting ibe poicntul cncrgy of a pur of poim charge* rcUtivc u> infinity. ( H Jtíi^, íiwcluvr 
H' = AI/ « — í — f — - — 

Kx*;t'l¡TE: racloring otit Ihc c* and lulntitutinc numlxr* give» 

Jr = (9JWxlO*N-m^ í )(l¿0*IO " Cll !— , — ! — t — 1 = 7.68*10 " J 

K A HIOüTlO^ñT 240*10-" mj 

1b) Skt UP: The pcoion* nave cqual momentum* and tince Ihey have cqual nu™e% + ihcy will have cqual ¿peed* 
ud henee equal kinclic cncrgy. AU - K t *K¿-2K - 2\^mv : \ - «v 1 



EXECUTE: SolvingfDrvuwMvs^FÍis |76«*10 'J -6.7S* KfnVi 
* ^ V^T ^L67y10 J kg 

EVAIXATE: The potcniial cncrgy nuy *ccm *mal! ícornpanrd lo macrowoptc cnenzie*)* bul ii ít cnouuh lo give 
cacb |*o(on a *pccd of ncarly 7 mi II ion m i 
23*5. í a) (uiimiíV: con*crvalíon nf cncrgy: 

V for ihc pair oí poim charge» i* given by Eq*(23.9). 
VPz 




OLcI potnl d be i*bcrc ^ : n 0.800 m Itom 
tft ^ and point ^ be where 9; t% O.4O0 m 
froir- :i . a* *nown in ricure 2 1 



Kx*;c:i TE: Onlv the eketríe forec docrt work* io II* ■ 0 and L r - 



4**, r 

K 4 --jmvi ^<L50*I0 "* kg)i22.0 m*)* = 0J6J0J 

4t«, /; 0,400 m 

The consenabon ufenefuy cquation then givc* K t ■ A*„ 

- iH) J6J0 J t <ft2454 J - 0.4907 J)=0J I77 J 



10'kg 

Eyammtk: The potcniial cncrgy incrca&c» when ihc i™ poMüvcly cbarged ipbcrcs get cTto* 
kineli; cncrgy and ¿peed dccrea?cc. 

Ib) iDEVnrV: Lct poini c he where q : hai iut qiccd momcnunly reduced lo ^enx Apply comertatton of energy to 
potnu^andc;A: +t/ ■* II' - A' *6\ 



tkcro Potcorial 23-3 



SKf Up: Piv.nts a and c are *hown m Figure -3.5b. 

"O* O* EXErlTre: ^»*0J630J)ftom|wtW) 

" _ ü a = -H12454 J (fiooi pan (o)) 





K -§ (al di&ianceof clo*c*i approach ihc «peed »«to) 



Tbit votiscn-aiKMKifcncrvv C.+U.-U cim 2¡íi = *OJ6J0 J * 0.2454 J -0.ÓOK4 J 

4r* r 

y, 1 ** -(8.988x10* N*nr.'C J /~**^* ^M"?* 8 *** Q a QJ23 m. 

EVAJ.CATE: l/-t »»r-*Dwí} mil «op no marrer wha< it* ¡nilial speed i*. 

23.4. IdevhfV: AppJy t -í— and iolveforr. 

r 

SCT Ite f ( ■ -7J k 1 0* C , q 2 - *2.3 * 10* C 

EXETIiIE: - *** - (" '«■■f N m^X-7-20xlO- CXAH.I.' C) _„ „, m 

i; -o.40o j 

EyaJXATE: The poteniial cnergy í." u a «cafar and can lake pcciitivc and ncgailvc valúe*. 
23.7. O) HttMin' and Set Up: Uvt given bv Eq.(23.9)< 

r 

[/=< 8 .98l(x IO -N-n,'/C' > '^ 6O - l0 ' CK - l - 20 - l0JC » = ,ai9I.J 

0 250 m 

Eyaj.i ATE: The twochargc* are boib oft he ¿ameiign so rncir cieetric potcntial encrgy is po*hivc. 
IhHDEvnrV: l.*ccon>crvattonofcnctgy: K t * V t * -íí A td/ # 

I r; Lct poini be wltctv q U rcka*cd and pomlA be al iu final ptraHion* as *hou?t m l'murc 23,7 



• 



¿ EXECITO: <V 0 (rtkajtfd fnwn rc*l> 

~* 4 V. = -HXI9H J ü.t mu ■ 



Drdy (he ckelric torce doc* work. *o l#* - 0 and V ■ -J— — . 

4*«, r 

(i) J¡ =0.300 ra 

1 4*^ r 0.500 rn 

Thcn A'. »t r . *t* H _ ¿ A' *tt give* K t =U-U. and ¿W-U -I¿ and 



2.80x10"* kg 

(»> / - S.fflt m len úmc*larger iban n<i)*o U t auntínicitmalla: í.\ - -0 W2 J 11) - -O.O0992 J 



tu V 2.80* 10 ku 



1W (Tiuptt r 1} 



(iii) j; -SO.Om 

b omv ten lime* larccr ihan in (til so ÍA is icn umc* Mmller 



!/ «40.00992 J.IO^ ,ü<>00992 J 



UU^-U é ) _ /2<40.198 J-O.0O0992J, ^j 75m/j( 



XMxírkg 

EVAJ.l'ATE: The forec bclwccn thc twn charge* ta rcpuUive And pruvidci an accclcraiton Id 1/ Tbi& 
*pccd of f lo mercan- jn u mmc* ¿nay from O 

23A iDtvnn : Cali thc mrce charge» 1, 2 and 3. 1/ "t/¿ 4-t^ +b\ k 

Sur Up: í/ tJ = t/ Jt -¿/ f ( , because thc chargci m cquu) and caen pair nf cnarec* ha* (he same «cparaiton* 0.500 

ExEcum 1; = _I — = — : L ^ o.07& 1 

0.500 m 0.500 m 

EvaI.I'AYE: Whcn ihc ihrcc cnarec* are broughi m from infimty 10 thc comen of thc tríanglc* thc reputa ve 
ciccirtcal fittvc* bctwccn caen pjjf of chame* do negative work and clectrical poicntial cncrgy n siorcd* 

23.9, iDEVnn: V^kÍML+M+Mi 
\ r ü r n r u 

Sfcr TJP: In parí U), r\ , - 0 200 m. r-, - 0.100 m and r tt - 0 100 m In parí (hi fct rurtick J have coordinóle x, *o 

' 0 200 m. - v and r, -0 2«l -* 

f , ^«J» nCX-3.00-0 ^.OOnOqOO nQ ( (-JMnCX^nCrt, f|Mff , f 
I (0.200 mi (0 100 m} (0 100m> 



(bHff. -O.thcn 0-aÍ Mi,Mir_12L¡ SolvingforA'wcfind: 

0--60* — - — - — siQi' - 26* *- 1.6 - 0r^*- 0.074 m t 0.360 nv Tbcrcforc. x - 0074 m lince it n thc onty 

* 0.2 - .Y 

valúe hctwccn thc ti*t» charges. 

EvajXATE: C/„ tapraítivcandboth U Jt anáV ti are negamc. If V - 0. then f .J-J* , |~| L | 1 " r 

««OJOTIn, L^fi+SJxIO" 1 J, C/ tt s-4Jxlo ' J «id 6"^ - -5.4*10 ' J. Il n.tructh*t t/-0*HfcjA 

13.10. Ihhmiky: The i*ork done on the alpha parlóle n equal 10 ihc dillcrcncc in ¡t* polcniial cncrgy ivbcn it « moved 
Irom the midpoint of me iquare lo thc midpoint of ooe ni the side* 

Skt l.'P: We apph' thc formula H'. ^ -t/, - In ihí^caic. a is thc eenter of thc xquarc and A ¡1 thc midpoint of 
one of thc -l-. . Thcrcforc W mmm - -U*^. 

The re are 4 electrón», so thc notcniial enerey al thc cerner of ibciquarc ü 4 limes thc polcniial cnergy of a *incfc 

atnha-cleeiron pair. Al thc cerner of ihe aguare, the aJpha nanielc kadiiUnec^i ~ ^50 nm from caen electrtm At 
thc rmdpoinl of thc s¡oe, ihe alpha u a dUianee r¡ ~5.00 nm Irom ibc i™ nearesl clceironi and a dittancc r¡ " 

J\25 nm fmm thc two mo*l diMant electrom. Uiing ibe formula fe* thc pntential eneig> h Irelalivc tu ¡nfínily) nf 
ittn poini cbarge^ 6* ■ »J 4 rt h w . ' ». thc total worktt 



4^ r t ^ 4x+ r t 4^ r¡ 

Sub^irtutrnií í/, • e and c/ bJ " 2* and timplifvmu ei\e* 

Sobstitutin^ the numérica] valué» ¡ntn thc cquatíon for thc work gi>c% 

5«xlfJ* J7W 



- -4(1.60* 10 " Cn-j-í — -{ ! 




E\ au atk: Sinec thc «xtrk t% penitive* thc mtem ha* more potcniial coergy with thc alpha partiele at 
nf thc «qu4re than it doei with il ¿t the midpoint of a xidc. 
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23.11. IdeyiifV: AppJy Kí|-<23-2i* The oct w«k lohmtg (he chatge* in fn*n infinit) \% t\|U4l lo the change ta potcntial 
cnetgy. The loial potcntiaJ cnergy n the sumof thc polenta I cncrgietof cach pair oí chatge*, caleulaled from 
l:o>< 23.9). 

SKT Up: Let I be whete all Ihc charge* are infinitéis fat apart Let 2 be whete thc charge-* ate at ihc c«tncr* of ihc 
thanele, ai ahown in Figure 23.1 1. 



Lcl */ be ihc ihird* unknmvn chasc 




-4í'*2«) 

t , +3»»0 and*. = -^2. 

Eyaj.J/aTE: Thc poten tu) cnetgy for thc lwo charge* </ i* poiiiivc and for cach 9 with *}. it i* negamc. There are 
iw of thc i?, term* *o muit have ^ h < q. 

23.12. iDEVnrV: Use coroervation of energy t/ 4 + Jf tf si/, to find Ihc dotante of cieñen approach ij. Tne 

rM*l 

máximum lotee i* al ihc dniancc of clotctl approach. / - k " ■ * I. 

SKT t -P: A\ =0. I mi ül] y thc twi> pnrtixi* are Íjt anan. 10 f . - 0 A protón hai mau I ti7* I0"" 1 kg and chatge 

f ■**s + I.MkI0~ i *C 

EXEOJTE: JT. - U k . 2(±«ip;>í im¿«¿— and 

n ■ — r ■ ■ ■ ■ — ■ L3H*10 m 

m\i (1.67*10 ' fcgXLODxllf rafe) 1 

F^¿^.99,IO'N-m^) (1 ^ Wl ^ Q %O.OI2N. 
? (1.38x10" cr 

EvaJ.J/AYE: Thc acedera t ion a ■ /'■>» of cach proion produced by thU forec i* cxtrctnciy large. 

23.13. Idevtify: £ potnts from high potcntial lo low potcnüal — — 1 ' '■' 

SKT Up: Ihc toree oti a pogitive lett charge i* in thc direeiton of E. 

EXECUTE: F ikcrea*c* in thc eamard dvection. A u cas* of fl, u> T 4 > T Jf C it cjut of A. «a V t < >V Thc foorc 
on a ptnitive tcti charge m caM. %o no uork U done on it by ihc clccbSc íbrec « hen il move* duc ututh <thc forec and 
ditpTaccmcni are perpendicular), and Y ír - r, 

EvaI.VATE: The eketric potcntial i* eotwiani in a dircction pctpendicolar to thc eketrie Ikld 

23.14. iDOfnm ^L~V t -V^ Forapoiniehdrgc. K«— . 

4* ^ 
SKf ITP: tach vacant comer U Ihc «une disiancc, 0.200 m t from cach poini chatuc 

EXKt'l'TEi Takinif thc otigin al thc cerner ofibc %cjuare« the *tjmmcir> r mean* ihat thc potcniial t* thc %an>c al thc 
two comer* nol oceupied by ihc -«5.00 jX cbarget Thi* ntcam that no nct «xirk it done b rnoving from onc comer 

tolhcother. 

EVAl.t AlE: If thecharge ^ move* alonga dagonal of ihc «quare. thc clecIrW^l focce doet pcuñive «xirk for pan 
of ihc pathand negati\c work for another nan of Ihc path, but Ihc nct »otk done i* /cío. 
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23.15. I de vnrv and SET Vn AppK con*crvahon of eoefgy f o poirtt* .4 and/T 

toa» Kj+t^-tfj+t/j 

K g = K 4 4iflV A -y k ) -OMISO J4(-5.00*I0* CK2flO V-800 V) = 0.00550 J 
v,« J2AT,/* *7.42 ai* 

EVAM ate: U l% ü^ci *it /í. :i n?rat:t« thirj't £iin* «peed uhen ¡t nww to highcr poicniial* 
23. M. iDEVtirv: Thc *x>rkcoerg> tbcorcm wy* IT = K - . ^± = V -K. 

SeT II': Poml .j i* (he Martmu, and poinl h U thc codmg point. Sincc thc ficld i* uniform. 

- i^ti»^ - £|g|rcoic* + Thc ficld ú to thc U*rt *i> thc Torce oo tbc poiilivc clurgt b lo thc leli Thc paniclc 

move* lo Ibc le ñ w» & - 0" and thc work f I* rf b poiilive. 

(»> »' =a\-* =í»*io* j-o=L50*io* j 



ih) y - y - ÍL_ll - 1 50x10 J ^ 35? v + Point a u ¿i highcr polcmial trun poin* 6. 
f 4,20x10 C 

Ev Al A 'ATE: A posilive charge gaiiiN kmciic cncrgy when ¡t movci lo kwcr potcntiai; í \ < ¡\ 

2X17. IdevtteY: Apply thcequatton thai precede» Eq*(23. 17); H\ ^ - qj i: di 

SETUP: U*e coordinóle» wbcre » r b upward and +j bio therlght Then f af/ uith JT -400*10* N C 
(a) Tbc parh b ¿kerched in Figure 23.17*. 

y 



tMA l te: 



EYAJA ATE: Thcckctric forcé on ibc pcuilive citarle b upnardiin thcdircciion of ibc clcctric ficld) and docs 
tvork íbr a horizontal dbpl&ccmcni of ihc charge. 
IbtSETUP: Thc ruth u ¿ketched in figure 23.17b. 



L 



Kifu re 23.171» 

EXECtiTE: É-df -{$¡ {d)ji-Eáy 

> h - r v - t«67ü m. povlivc sincc ibc duptaccrocni i* unuard «md wc Kivc lakcn r\ to be upi*ard. 

EVAl.VATE: Thc cketríe lorceoo tbc poulive ebuge b upward io ¡t doet positive ue4k furan up^ard 
tlf *p 1 a cmcni ol* Ihe chorge 
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IcKSETUP: Ibcpath » *kctchcd ¡n Figure 23.1?c 

y 



The vertical componen! of Ihc 2.60 m 
di*placcmcnt Ls I K3K m cknvnward. 



Figure 23.17c 



fiXKcüYE: ríí = rfií + j y j <Thc di*plAccmcnl ha* both hon*ontal and vaiu- j1 componente.) 

j ¿ir" itji idii + JTdy (Only me tcrtúral componcni of me diqdaccment irolnbutci to the uork.) 

»'. rf -íf(>V-r.) = < , -2g.0"10*CK4.00-Í0 < VCH-l <38 ai)- -2.06x10 J. 

FaajxaTE: The clcctric Ibrcc do Ihc poiilivc charge üc iqmard *o ¡t doc* negalive work fora dRplacenxnlof the 
charle thai hj*. a dowmvard componente 
23. 1 8. IDEKT1FY: Appry + - A' A + U+> 

Si r l r; Let - +3O0 nC and i/, - +2.00nC\ Al noinld. r M =^ = 0.250 m . At poini¿. fe -0.100 mand 
- 0«0 m t The electrón ha* ^ - -cand « = 9.11x10 J! kg . IT, *0 unce the electrón ii tvfcucd from reit* 

^■^^■i(-Me,ig*cJ^^ q * c "" Wf<c> )--« W ir"J. 

0.2S0m 0.250 m / 

* ' \ OlOOm 0.400m 2^ 2 P 



Sctung £ 4 a Engira V *"^ 9U | 0 -ii fc ^5X^4x]0' ? f-2^Byl0^"J^^6.89K^0*^^^/a, 

EVAlt'AYK: K 4 = T U * l'v, =1B0 V. ^ «1^+1^ = 315 V- I'* > \\ . The ncgairvcly charged electrón gain* hnctic 
cncrgy when ii rnovci lo higher potcntral. 

23.19. lo£vnFVandSCTUl h : For a poinl charge K«— . Solve Ibrr 

r 

EXE OI TO ía) r = -1- 2 1 = 2.50x 10 2,50 mm 

V 90.0 V 

(b> FV ■ Aj ■ coratani so J¡/¡ slj* . r, *r¡J.ÍÍ-j= (2.50 mm^^j^-^j* 7.50 una. 

EVAJX'ATE: The potcnual of a poiilivc charge A po*ílivc and dccrca.tci x% the distance from tbc point eltarge 
marean. 

23.20. Idíivtify: Hie loiaJ palcntial U the uatae sumof the individual poicniiaK bul the nct clcclric fiekl U the verrar 
*um of Ihc lwo ricldi. 

Skt Up: The nct poiential canonly be *cro íf onc charge is pcuitivc and Ihc other iincgativc* unce II i* a icalar. 
The clccrré field can only be mo if the tn h i> fíeleb point inopptwjte direclxtns. 

EXKtrUTE: (a) (i) Sincc both char^ci bave the *ame iign. ihcre are no point% Cor i*hicb Ihe polential a /cnx 
(ni The (w clectric ñehk are ín cfipoiiic dircclioai only bcivvecn Ibc mocharee^ and midwaybclwcen thcm Ihc 
lleldt nave cqual nugniludc^. So f - 0 nnihvay bchveen the charget ^ but I' ¡* newr «ro. 

<b)(i) The lwo pofentiah bave ccjual magnitudc bul oppoMie tign nudway betw ecn Ihe chargA. *o V - 0 irnchvay 
belwwn the charge*. but £ * 0 there lince Ihe ficld* pcint ín the «me direction. 

<ü) Detwecn Ihe livo charget. Ihe ficldi point ¡n Ihe «ame dirteliun* mi £ cannol be xtn> there. tn the olher l«o 
regicou, che íick! due lo the nearer charge n alway* gicaict ihan the llcld duc lo the more diiiant chargc + «o they 
carxnut cancel. Henee E ¡i nol /en> anytvhere. 

f.\ AJX'ATE: )t doc* fíof faUaw thal the elcclric fiekl iixerouherc the potcntial ¡%/cro, or Ihal ihe poten tial h xero 
u ltcrv the clccthc field it xvto. 



23*8 Ouiptrr 23 



23,21. lDt\m\: V ■ 



4**. : j¡ 

S»:f l.tp: Tbc location* of ihc chati ¡re* 




Fwure 23.21 



EXECITTK: (S) I — > — 



■ «■..., B .y- W J^"''C.-tJ"IP , C)-,n y 
I 0.050 m 0.050 m I 



ibt r 



.080 



<c> iDEVtiFY jnd Seí líp; U*c Eq.(23.L3) and ihc rciults ornan* lai and ib> lo calcúlale H F 
EXEftTfi: »V M =í í , (r,-^) = l2.S0xl0 J> CK-WV-(-737 V» = *8.2* 10* J 

EVAI.fATE: The cketric lotee doc* posiiivc worfc oo Ihc poáltvc clurgc wben II move* (rom higher poicntiol 
(point 01 to Imvcr poicntiol (poinl .1 >. 

23,22. iDEVnFY: For a point etnrge. P =— .The total potcnlial at any poini i* ihc algébrate *um of Ihc polcntiab of Ihc 

r 

lw charges- 

UP: la i The po*itiom of ihc txvocharsíc* are *hown m Figure 2322a. /-- 




Hsuri 23.22a 



tb>K-2 



Ic> ^ 2 J-I - 2 ' * 



Ekckic htaCul 23-9 



ídíThc graphof rvcf<Mi*.Y h riickbcd tn Figuro 23*22fa 
V 
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*o> >m -:íw -u» oot \w 2a> jon jík» 

iipR 23.221» 

EVALUAIS! (el Whcn ro_L_^ju*tbkcapo*ntthat¥cofch«sc +2*. At dbuncc* Irom Ibe thargci 

much g reate t ihan thcir %cnantiorL ib: lwo chuca act likc a *imzlc poini choree* 



lofcvnFY: l'or a pomi charle. ¡ - — . Ihc loial poicntiaJ ¿tt any noint 1* thc algébrale *umof thc fviicntial* of thc 

r 

. - " chargci* 

SkT Vpz (al Thc po*itíoni of Ihc tivochargc* arcibowii m Figure 23-23. 

EXECUTB (b) 

r r 

le) Thc pirtctuta) alone thc \-axis i* alw&v* ffm. so a uraph would be fíat* 

(d) II* ihc iwxi chargci are interchanged. ihcn thc mu ti* ofrtij and M Mili hold. Tbc polen» al ta /era 

EVAJ.l'ATE: Thc potcniial i* /ero al any noínt on thc -t»axñ bocauie any potnt c© Ihc ¥ axi* ti cquidtaiam (rom thc 

li*Ti cita™.*. 




rustir? 23.23 



23.24. IdemifV: Fur a point charge* F"-— Thc lotal potcntial al any prnni i* ihc algébrate *umof ihc 

y 

kwo charges. 

Sur I'p: Cortiidcr ihc diitancc* Irom ihc poini on thc r*axta lo cach cbarge for thc ihrcc región* — ü S vSg 
<hciwccn thc rwo chante* i. r>t?iabovcbothchareci}and r < «oilíckm fíoth charucx). 



fihr 



EXKrm: (a) i 



A general expresión valKI for any v i* I" - A I ^ - L| 
|bt Thc ciaph of" Tvcimis v ta ¿kcichcd m Ficurc 23*2J 



7=f / ' 

IT ib: charuc* are intcrchanecd* Ihen thc potcniial i*of thc opposlc *itfn. 



23-10 Cluiptrr¿3 



EVAiXATE: r = 0*l >■ - O . thc po*¡l¡vc chatire 

■■■MUI llWli 



iitproa.-htfl and f* — > — > a* thc ncgativc charve i*. 





>iiEim- 23.24 



23.25. lofcvnKV: Futa potnt chuce* V — — . The tutal pofcmtial al ptmtl (he algebran* *um oí thc potciiiult ni ihv 

r 

ti*o charges. 

SktUp: (a) Thc postiium ofüic twocharuc* are shcwi m Figure 23.25a 



■ • 



rljjurr 23.25a 



-ir 



X X — At*-ff) X £J - X XfX-d) 



a— i 

x x—a x\x-a) 
(el Thc potcntial ¡n /ero al «x 

íd) Thc graph of rvct%ua-rU*keichcd tn Fiiturc 23.25b 



-I 




EVAIXATE: (e> For x » a : V * 

thc t» o ehargt* thcy apocar id be a pomi 



Fíjturc 23,25b 

thc same ai thc ptrtcnlial of a poinlchargc -q. Vúx fro 

x 

cnaruc with jcharec thai i* (he algctoraic sumar* Ihcir t»i» chara:*. 



23.26. lD*:\n*"Y: For a point cbajcc* I' ■ — . The total potcniial at any poinl i* Ihcalucbraic «im orine potcntiatc of ihc 



11*0 charges* 

Si:r I r; Thc dittancc of» point wiih coordínate r from ihe poutnc chuce a \v\ 4JhI irte dütiancc from ihc 



DCXKtZYC 



tfiar^c i» r - Ja*~+y~ 



(c)Thcgrapbof ¿'ventu* r is ¿kcicbcd in Figure 23.26, V — » r a* thc ponitive charge di thc orígin ts 
EYALUATO <d) r » ¿i : >' * AgJ — - — j = - — « whkh ii tbcpotcntialof a point charge q I ar from thc twc 

\y y) y 

¿haruc* ihcv apocar lo be a point chaxgc with a charve (Kit u thc alccbratc wmof their ttvo 





loo -ijo -i.oo -a» axti ojo 

Hitare 23.26 



I.» 2tt! 



I r: Let poinl a be úX thc caiboác and let point b be at ihc anoJc. JC ■ 0- K- *' - 295 V A» electrón ha» 



'i 



EXECTIE: X,*4<K -*;(fi-|L60*l0 " CK-295 V)=4.72*I0 " J . K k -i*»í .w 



f2^72xlC-J) , 
^ 91UI0 "kg ' 



EVAl.l'AYE: The nccaiivcly charged clccrnm gain* kinctic cncrgy when it move* to higher potcniial 
23.28. iDEVTirV: Fot a poím crarge , ili! and 

SKT Up: Toe clccrric fickl n directed uiwjrd a ncgahvc cbarec and auiv from a p«aitivc charge- 

fcl ? > 0 , *o ihe dortria ficld n direcled mny from thc charge. 

EVAI.L'ATE: The ratb ofl r lo E due lo a point charge incrcaác* as thc dirtance r from thc cbarj 
ffalhoffai I.r-and rfalholTa* Ifr. 

(a) IDENTIFV and SlT llP: Thc direclioo of E « aiway* from hiah poieniial to l™ poicotial w poinl h b at 



Ib) Appl> ^(23.17) lo reble V é -V é loE 

li-x, 0-^0 D-Q.6D m 



HD0 V m 



23-12 ChaptrrU 



»Í ... - (-O-20O* 10 * V) - -4.S0* 10 * L 

EvaJXATE: The ckctric Ibrcc doo rtcgaiivc work on a ncgairvc charge **hcn thc ncgaliTC charge rnovc* from 
high potcnlial {point fr) to l™ polcntial {point ji 

Z3.30. iDEvnFY: Vot a point charge* i" - — . Thc total potcntial at arry potril ¡* thcalgdiraic sum ofibc polcmialiof thc 

y 

itto chargct* For a point charcc. E ■ !_! ■ Thc net ckctric IteM i* thc vector ium ol ihc elccthc ficlds »l thc ivo 



&ET UP: £ produced by a point charge ii dircclcd away from thc point charge if it » posilive and toward thc 
charge if it is opgaüvCh 

EXECiTE: (a) r = r^ + r itf >0, » rU/crononhcrccxccpt Ibr infinite ly far from ibc charge** Thc fields can 

onlv bctwccn ihc charuc*. bccautconJy there are thc líe Id* orine lwo chorad in oppoítiic directions. Comidcr a 



point a diittnccr from pand tt ~ j from 1Q. a* dxmn m Figure 23.30* E - E^ -_li£2i_^(J -x^ - 1» 



(rf-xl 



Thc other root, \ . doc* no* lie bct*ccn ihe chantes 
1^2 



ib) I* can be yeto in 2 place*, A and n\ a¡t *ho»n m Figure 23 .304i* Point H U a tintante t from -O and d 
20 B k a di*iance w from -Q and rf* r from 2a ÍLl£í * - 0 -* a = J/3 . 

Thc tiro ckctric falos are in onpofitc directiom tothe leflof -O or loibcright of 2pin Figure 23.30c. But for thc 
magnitudes to be cquaL ihe point musí be cloicr ti> thc charge wiih wnaJIcr magnitudc oí cbarge. Th« can be thc 

ca*c only in Ihc región lo the left oí -Q . E — E gitvx ^ x _ d 

v X* tf + xr J2-I 

Kyali;.aTE: (d) £and í r arc not /croat thc —a\>¿ place». EU a veelor and J' i* a icalax. Eti propofiiorul lo li'r 3 
and y A proporiHmal to l > . £ i* relaled lo thc forcé on a ic*t chance and Al* t% rclaied lo thc wxitk done on a toi 
charge when ít movA from onc point lo anoiber. 

Ugure 23, JO 

2JJI. Ii*h\Mt\ j:uí Sí v l>: /\pph con«r\ai™ of cncrgy. üq.(23 J) f Uve Co^< 23 12} toexprcu t r in lerm» of K 

(■)ExKcirre: a: 1+í f¡-a: j + 9 k j 

EvaIX'ATE: Thc electrón gain* kinclic cncrgy when it moves to hígher polenhal. 
<b)ExtctTE: S'o« A' ( -2,915«ÍO ,: hK t *0 

<? 

EVAIX'ATE: Thc cketron losc% kinclic cncrgy uhen ít moves to kn^cr potcntíaln 
23.32. iDCvnr)' md Si:r l.Tp; E\pre«ion% ínr thc cieclric potential ¡mide and ouLtide a mbd conduciing «fihcrc are 
derived in Evampk* 23 + S. 



EX>xiTE: (a) Thi* ¡s ouiMiic ihc iphere, «o VmZLm ■» . 65 6 v 

Ib)Tbii »h at thesurfacc of thc^phcfc, w í'- — - 13 1 V. 

^ 0240 m 

(e>Thb i* ir»ide Ihe »phere. Thc noteniial hai the same valúe a» al thexurfacc. 131 V 

EVAIX'ATE: All point* oía conductor are al thc same r»tcntial. 
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2333. {aj IDENTIKY and SlT UP: The cioctric fícld on thc ring** axis iscakulatcd in Examplc 2 L la The forcé on ihe 
electrón exerted by thi* fícld i% given by Eq.(21JV 

EXECLTE: Whcn (he electrón w oncilher »dc of Ihc center oí thc tmg, Ibc ring exertsan altraclivc forcé directed 
toward the center of ib: ring. Thw rctforing íbree produces otcdlatory moción of thc electrón ¿Jocit* thc axis of (he 
ring, wíth amplitudc 30 0 era The fbrec on Ibe electrón ¡fio; of Ibc forai F ■ -kx so the oscillatory mol ion a nol 
simple bar fronte moción. 

ih) iDEVtiFY: Apply conservalion of cnorgy lo ibe molion of ihc electrón. 

UP: K +U.-K # +L\ wilhtr ai the mrlia1rxtsil»onof the electrón and f>at thc center of Ibe ring. I rom 



Cxamplc Y~ — ^ wncrc ffis Ibc raditisof thc ring. 

EXEttiTE: v t - JO.O crn. x 4 =0. 

JC rf - 0 írelcascd frorn re*rt. -^mv* 

Thus iim** *U t -U h 



I - 1 -g ,K9 KS *I0'N m».T') ■ :40 - L ° * 

Jí; i J(0.300 mi 1 * 10 150 m>* 

r. - 643 V 

' , fi -r — ^»-'^ T MJlKl0 ' c -» r » 
*«.V«.'-' í ' a,so " 

y .fSopb.Jg^l0-"CMI4MV-WVr, 1J7|(rf[rt 
\ «i V 9.109x10 " kg 

EVALUAIS! The r**ili>cly etaarged ring altracts Ibe ncgativcly charged electrón and accckratcs ÍL Ibe electrón 
ha* iis máximum «peed at ih« poinL Whcn ihc electrón move* pjsi the cerner ofibe ring the forcé on it ¡s oppmite 
lo its motion and il slow* down. 

13,34, IdevtiFY: Exampfc 23-10 show* thal for a linc of cbarge, Y — Y - ^ lnr>/r |. Apply conserva! ion of cnerg\ 

2*& 



tu tne mobon oí tne protón 

SkfTp: Let poiniabe 1X0 cm fromthe linc and leí poinl A be at the diMancc of closcsi apptoach* whc t e K t ~Ü 
Kmh TK: U) K 4 m$m/ m$Q£t*W* k ? Hl M)> ID wthf m I JlicW™ J . 



* '™ J H 5.00*10'" Cím J 



ID. 



EvaI.I'ATG: Thc potential mercase* wiih decreasing dittancc Jrom the linc ofertarle. As the po*jtivcly charged 
prottm approachcs ibc linc of charge il gains clccrrtcal poicniial encrgy and loses kincitc cncrgy. 
23,35. ln*:vn*Y: Thc voltmcicr me asures thc poicniial dilTercnce beiwecn ihc rwo points, Wc mu*i reíale thti quaniity lo 
the linear charge density on the wirc. 

Ser Ufz Foravery -¿ unfinite) i*ire. Ihc fx*tcnf-iL ditYcrente bet^cen i^-o piT:nti » \l' — ^— ln| *, t\ \ 

(a) SoKing Ibr X given 

X - Í^Hlt , 575 V . - 9.49 . .0" Cta 



ih) The meter will read k%% iban 575 Vbccauic theeleciric field ct wcafcer over thi« 100-cm dislance than it 
nvcr thc I.OO-cmdiitancc in part (a). 

l<) The potential di llercnce ¡* because both pr«boi are al ibe same distance rrom ibe %virc, and henee at the 
«ame potential. 

EyajXATE: Sincc a voJimcler mcaMircs potential dilTcicnce* wc are actually ghen^Kevcn ihough that isnol 
ilated explicitly in thc probknv We muit also be carerul whcn using the formula for thc poicniial dilTercnce because 
r is ihe dislance rrom the crnJf r of thc cylindcr* nol from the surfacc. 



23-14 Clmplrr¿3 



23.3o. iDttTOFY: The v-oltmctcr rcad* roe poicnual diffcrcncc bctwccn ibc lwo potito **crc roe probé* are placed. 

Tlicrcforc wc musí rciaic thc rhxcnnal difltrcnce to Ib: dnlancci of rocíe poinl* from thc cerner of Ihe cylindcr. For 
pointf outiidc Ihc cyundcr iLs clcctric fícld bchavc* tikc ihai of a Uní of clurgo. 

I i" Uxing Al' 1 1 ■ i and jolving fot r |B wc nave #¡ - r.*?***** * . 

I 



r¡>- (2-50 ern) / m - 4 7S era 
The dutlance above ihc .™r*if e » 4.78 cm - 2.50 cm - 2.2S caí, 

EVAl.t'ATE: Since a volimcicr mcamrc* potcntial diITcfcncc, wv ore actually given .\í \ cven ihough thai is nol 
*iatcd cxpllcitry in che probkm \Vc muit also be carcñi) unen uxing thc IbrmuU fof thc poietiiial dilTcrcnc 
cach r ii thc düuncc ftom thc canter of thc cylindcr.. not ftom thc surface, 

23.37. iDtvníY: For poínti outtidc thc cylindcr.. ¡i* clcctric 5cld behavet tikc Ihai of a linc of charge. Since a voltrartcr 
rcadt potcnlial dilleícntc, ihal » what wc need lo calcúlate. 

Milr: Tbc poicmul difTcrcncc h AT>— — 
EXKC'tiTE: í») Sutuiiiuting numbcri gíves 

AT - 7.82 x 10* V - 7h\200 V - 78.2 IcV 
(b) iV - 0 innde thc cylnidcr. io thc poicntial i* comtani ihcrc* mcaninc that ibc volt meter tcad* «cero. 
Ev ALIATE: Cautíon! Thc láct Ihai thc votlmcicr rcadi xero ¡n part fb} dt»c* not mean ihat I" ■ 0 inside thc 
cyürtdcr Thc clcctric fie Id t% jkk*, but thc poicntial is comtani and ct|ual to thc poicnbal 41 thc ¿urfacc. 

23.38. Iü£\iik\: Thc ttork requircd rt cojual lo ihc change in Ihc eléctrica! potcntial cner^y ol thc cbargC'ting *y*iem. 
Wc need «nly look al thc bccoinrng and endinc oointa. since Ihc poicntial &ftcrcncc ¡x independen! of path Ibr a 
conservan ve he Id. 



ÜP: (■) W - 6V = - qfV^ - \\ ) - of - 0 

\4xx v a 



A6**(J.00x 10*CM9.00* lí^N-ni^WS»* 10 '0(0.0400 oí) -J.J8 J 
lh) Wc can takc iny paih Dice thc potcnlial u indepcodent ofpalh. 

fe) SKT ITp: Ihc nct forec ti way from thc ring + «o thc hall wll accclcralc jway. Bnctg\' conwnation givci 
Solving fot r uj\c% 



Í2U 2 J.3SJ ... , 
v- J — J -6í.I m-'i 

V m TjO.O0l50kg 

EVAI.t'ATE: Dítcci cdlculaiion of thc watk fíom ihc clcctric JWId would be cxircmely difficulL and »c would 
lo know thc paih followcd by ihc charge. thiL cince thc clcctric 5cld i* cotvtervitiw, wc can bypau all thU 
calcuLttion juxi by looking al thc end pi>inut imfimty and thc cerner of thc ritivi wing thc potential- 
23,39. lotivníY: Thc clcctric ftcld \% /ero c^vrywttetc except bctwccn thc pUlct. and in ih¡* región il \% uníform and 
points from ihc penitive lo thc ncgalivc piale (lo Ihc leñ in Figure 23.32). 

Si:i l'i 1 : Since thc field « uníform bctwccn ihc platea Ihc potcntíal incicaw tincar ty ai wc uo from Icft to nchi 
Marting at A. 

EXKC'UTE: Since thc polcniial ii takcn lo be zcn> al thc lefl xurfacc of thc negativa píate (a in Figure 23.J2). il i* 
«w everywhcte to thc lefiof h. Il incrca^c^ hncaríy Prora /> to <-\ and reraain^ contUnl (since E — Qlpailf. Tbc 
graph h ikelebed in Figure 23 39. 

EVAJ.l'ATE: Whcn ihc clcctric ficM U /ero, Ihc potcntíal rvmaim constara bul not ncccuaríly nao ia% to ihc righl 
of i h Whcn ihc clcctric fickl w consiant. thc potenlial i* linear. 

V 




liGurc -23.39 
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23.40. iDEVnFV ¿mi Sur l*p; For opposiiely charecd paral Id piole*. £ ■ ft .'<;. beiwecn (he platcs and thc rmtcniial 
dilTcrcncc bclwccn thc piales ■ K« £tf , 

bmiK ( ., C ,l. 47fl " O ' CfW , 53l 0N/C. 

ib) £tf ^<531QK'CHa0220m)«H7 V. 

i<) ThcelccirK llcld stays ihc sime if ihc scfiarAikm of thc piale* doublcs. Thc poicntul difference bctween thc 
platesdouHcs. 

Eyaj.vaTe: The electric Hcld oían infinite iheet of charge b uniform. independen! nrdisiuncc from Ihc shcci 
Thc Toree ooatesi eh*rgc bctwcen thc hvo platcs i» constar* because thc electric ñcld b consumí. Tbe poiential 
dilTcrcncc i* ihe work per unli charec on a tetf charle when it movci Irom 00c piale to thc otber. When thc ditfancc 
dooMcs thc work, which b forec time* disiante. doublcs nd ihe potential diftercncc doublev 

23.41. iDEVfiFV jtjJSktUp; Use ihc result <>f Kxampic 2X9 lo reíale ihe decirte ficW bctwccn Ibc piales lo ihc potentul 
dilTcrcnce bclwccn thcm and Ihcir separation* Thc forcé ibis ñcld exertt on thc paruele b given by Eq.(21.3)< Use 
thccquation thal precede* licj*|23J7) lo calcúlale ihc work. 

EXKOJTK: ía) from Examp4e 23.9. 360 V - 8000 V/m 

d 0.IM50 m 

ib) -(2.40x10^ CMSOOO V>ni>»+l.92KlO * N 

UíThccIceirx ficld bctwccn ibc pbác* b ibnwn n Figure 23.41. 



m 



tlKurc 23.41 

Thc píate w»ih positive charge (pbitc a) i* al higher poieniial* Thc clccrré ñcld b direcied from high potential 
toward low potential lor.. É is from ♦ eharge toward - eharge), 10 E poinls from a to b llenee Ine fbree thai iC 
e*crtx on Ibc posilivc charge b from ta h. so it cktc* positivc work. 

~ J Í J - /y. where b thc veparation herwccn thc platea. 

H' *fti**<l.92xl0* XXOOJMm>-*S.64*lÜ ' J 

<1 P^-H - «360 V IpUic ftfatf higher potential) 

A6' - 6>#r; - rjaft^xIO" C)(-360 V)--B.64k1D 1 J. 

EVAIXATE: Weiccthat ^•-Í^-Í/Jad/,-^. 

23.42. lo*:\itt"Y: Thc electric ftcld i* /ero mside the «phere* «o thc poieniial b consiant diere. Thus thc poieniial at tbe 
eenicr mutl be thc same ai ¡h ihc vurfoíc where il bcqurvalent lo thal of a pomi charge. 

Ski ITp: At ihc «irf*ce, and henee also at ihecenier ttf thc sptxrc* ihc fickl « that of a point<han?e L 

EX>:crtiTE: (u) SoKing Ibr y and xubitituling ihc numben civci 

0-4«,Jír»(O.l2SmK15OOVKÍ^OO)« IO*N m 1 ^)- 2.0H x 10* C - 20.8 nC 

<b) Sincc thc poteniial 1* consiani msitk ihe tphcrc + il* valúe al the iutIjcc muit be thc ?tan>c ai ai the center* 
1.50 kV. 

E^ AI.CATE: Thc cketríe ñcld ini*dc thc sphere b /ero. so thc poteniial i* consiant bul is nol /ero. 

23.43. IdeviiD' juJ Ski Contidcr thc electric ficld outsidc and ibc ibcll and use ihot ttt deduce the potcntial. 
EXKC'tiTE: ía) Tbe electric ficM outiide the shcll b thc saméis for a poínt chorge al the eenier of Ihc shcIL so thc 
potential outside the thdl is the «ame ai Ibr a potril charge: 

V--2— for r>R. 

Thc electric licld b /ero inside ihc shcIL so no «ork b done on a tc*t eharge as il move* ínside ihc shcll and all 
pomu inside ihc *heli m M thc sAme potential a« thc %urfacc of ihe shell: V - —2— fcrrSÍ. 

W ,,^lJ 0 - 15l "X-'«0V)._ 20nC 

t E VALÍATE: So. tbe jmouniof eharge onibeiphcre r* ver> símil Sinee t r »f f thc toul amount orelceuSe 
energy itored on ihc balloon k onry 120 nCHl2D0 V) - 2.4 n 10 J, 



2Má Chupín- ¿3 



23.44. Idevtify: Lxampk 23 K show* ihat thc potcnual of a solid conduciing ¿phcre ü thc xamcal cvery point ¡mide thc 
*phcrc ana í* cqual lo iU valué V - 4 .' Ití,* al the *urfacc. U*e thc given valúe of E lo fiad . 
Skf UP: Fot negalivc charge the cicciric field b dirccicd toward ihc chante. 

Ftir poinu ouiiidc ihi* sphcrical charuc di*tnbution thc ftcld i* ihc umc a* i i MI ihc charuc xvcrc cirocotiratcd at ihc 



4^7 V R.9**I0'N m C 1 

Sincc the Ikld i* dircctcd inward. ihc chame musí be ncgaiivc. Tfac potcntial of a point charge Uking oc a* vero* i* 



0.200 m 



on thc suxlacc of a conductor, ihc ficU iroidc thc sphcrc duc lo ihis *ymmctrica] dulribulion i* vero. Nowork b 
thctcforc done in movina a test charge from jui* mude the ¿urfacc to the cerner, and the potcniialat thc center muil 

ihobc -76QV 

EVAJ.lATE: lm*dc the sfihcre the elcclric field n xcro and ihc potcntial ¡s conttani. 
13.45. iDtvriFV: ILxampfc 23.9 *ho\\ * ibat V{y) ■ Ey , whetc y i* ihc dñUnce from thc ncgaiivcty charged píate* whosc 

potcntial ¡* tero, The dcciric fícld bctwccn ihc nbtci i* umforra and perpendicular to the piales. 

Sef 1 i' : P increaic* loward ihc ptuilrvcly charged piale. E u dirccied friten thc potiilvcty charged pUted toward 

thc ncgatrvcly charged ptite. 

EXKOJTK: í»> £ = — = 480 V -2,82*10* V-m and y-—. }' = Dai r-0* r = !2DVa* i -0.43 cm. 

J 00170 m * E 9 J 

r - 240 V ai i - 0.85 etn , V - 360 V al > - 1 _28 ero and Y - 480 V al j - 1 .70 cm . Thc cquipoicntial turfacct 
are xketched in Figure 23.45. The *urtacc* are planea parahet lo the piale*. 

4b) Thc clcctnc fícld linc* are abo *hown in Figure 23.45. The ftcld linc* are perpendicular to thc píate* and the 
ccjui potcntial ünc% are parallcl to ihc platea. 10 ihc elcclric fickl lino and thc cifitipotcnita) hnc* are muiu&üv 
perpendicular. 

EVAl.t'ATE: OnK diíTcrcncc* in potcntial have phyxica) lignificancc. Lcrting V mO al thc negative pí¿tc a a 
lo 
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t - U V 



Y - 240 V 

ñmrv 23.45 



y - mv 



13.46. lhiAi \i \ : ]ty ihc dciinition of elcclric poleniúd. if a povilive charge gain* poicniul aking a patlu ihcn the 

potcntial alone that path mutt have incrca^cd. Thc elcclric fickl produced by a very large .thcet of charec ü umlbrm 
and \* independent ofihc duiance from thc %hcci. 

W SET Vt: So matier uhal ihc reference point, murt do mHk *tn a po*rtivc charge lo mo^ it away frtroi the 



Hxi.ti tk: Sincc wc routí do «ork on ihc p*witivc charge. it ganii potcntial energy. w> the potcniial 
(b)S£TTJP: Sincc ihecleciric ftcW t% unifomt and a cqual lo <r, 2i: Jt w haw Al* -Ed-— J. 



2c Al" 2Í8«5xl0 C i ''N'in i )(l.00V) 

d - IZZ_ ^ _ 1 0.002^5 m - 2.95 

a 6.00*10 * Ora 1 

EVAl.t'ATE: Sincc the &pacinc of ihc equipoieniial «urfacci {d - 2.95 mm) is indcpcndcni of ihc diitance from thc 

thcet» ihc couipotcniial nurfacch are planea parallcl to thc %hcci and ¿paced 2.95 mm apari. 
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23.47 tDDfim and SKT Vt: U*c Eq.(23.l9) lo calcúlale the componente of £. 
EXKITTE: ¿aj-Ar*+(> 

(a) £ = -£L = -^-f 2Í* 
Al 

ib> £ = 0 reqinreithal £=£=£,=0. 
£ - 0 evcrywhcre* 
£, =0 al x = -OA 

And R, u al*o cqual /cn> for thu t. any valúe of - and jp - 2&x A - (2fl -«-CMr= -2/?CW : 
EvAl.fATE: Cdoein't dtpcnd on r m> £ _ \\ evcrywhere. 
23.48. IdevüfV: Apply Ei*<2l.l9X 

II': Eq.(2 1 .71 ¡t a vk £ - ^ M f is thc clectric Itclddue lo a potnl cbarge q. 

4a-*¿r* 

*" fc 47?77T7j 1777777*-?- 

Simihrly.£^^: M d£ j ^ 

(b> Froro pon (a), £«ÍP|¿L*¿Í *i* J« *£r, i**i¡cb agree* with Equa1k»a<2l.7>. 
Hv ii. i ATE: ( F is a «calar. £ isa vector and ha* componcfil*. 



^ ouiniie ihesphe— 
r 

iL) pointi ínstete ibc sphere* whcrt R ¡s ibc radius of thc sphere. Whcn thc clectric 5cld i* radial £ 



23.49. loEVllFV and SKT Ur: f or a *»tid melal *phcrc or for a xpherieal *hell Ka— uuistde the sphere and V i U 

r R 

ir ' 



[ií> r M <r<r t :T)m región i* outtidc Ihc «incr shcll and ínstete ihe outer shcll. I - — -tíí-Lj 1 . A - — 

(íií) r >/;: Thís rcewtt ¡soutside both *pheret and I" -0 unce ouutdc a sphere the potcniial is thc *amc as for poiiu 

charce. Therefore the potcntial ¡s ihc «ame as for two opposítcly charlee? poíni charges at the same loeation. Thcse 
putcntiaL* cancel. 



le) Betwcen ihe sphere* r <r</i and r 



U rj rV 4T^r>lr /;f 4«,r' fl I \t 



1 1 



télTroroCqualion (23.23): £-0, since V ísconslanl (zert» ouuklc the spbcres. 

k> If ihe outer charle ¡s dilTerenL iben ouuidc ihe ouicr sphere ihe potcntial ¡s no longcr raro bul \% 

= 1 q - 1 & =■ 1 A]|p*^tialsmeHletheouieT*het]areji«iihmedl^ + anantoi»nt 

V m— ! ÍL. Thcrerbrc relacive poicntiab wtthin the shellsare not afTccicd. 7busit>} and<e>donot cbange 

Moft-ever. no 4 »* ihat the potcniial docs >ary uuiside the sphtrei, there isan electrtc Hcld ibere: 



£ 

EvaIXATE: Inpart (a) ibe poiential is grcaier ihan zcrofcrall r<n 



23*18 (TiupterU 



23.50. iDEvniY: Eaerci 

m i U- — radially ootward, for r SrS^ 

EXKrtTE: (a) r LI-5O0 V i;™— ? - 500 * r -7.tá*l0 _, *C. 

U 'J x¡_!_- _!_| 

(aoi2m o jm m ) 

<b) V -O «i V -500V,Thcintwrnml<q>bacUdnojuip€>tcm¡d wlb K-SÜD V. I--L+— . r-400 Val 

r r A*j 

r«M3 era. F- 300 V* r- l£5 cm. V -200 V al r - 2.53 cm. T -100 Val r-4Q0cm 4 T-Oai 
r - 9 60 cm . The cquipolcntial tur face* are &clcbcd in Figure 23.50, 

EVAIX'ATE: (c) The cquipotcntial *url'acc> are cooccnlric sfihcrc* and ib? elcclric ftcW lines are radial. io ihc fiehl 
line* and equipotencial ¿urfacc* are mutual ly perpendicular. The eqiupotentiaU are ck»c*i ai stmtlct r, where Ihc 
ckvlix field re largctf. 
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Ptart 23.50 



23.51. iDEVnFV: Ouuidc ihe cylradcr it u ccjuivaicni to a line of charge at iti cerner 

Ski l'i 1 : Tbc ditTcrcnce in poicniiaJ bct*ecn ibe «urtacc of the cytindcr <a diManee A from the central ax»t and a 



general poim a diManee ♦* from ihe eemral axi* u ai ven by Al' - * kilr . 

2.7^ 

EXKcrtTB: (a) The potential tfalTcrcfkce depends onlv on r, and nol dircelion. Thcrefore all powis al the «ame valúe 
of r mil be at ihc tome poicnual Thui the cquapoitntial tur (ice* are cylindcr* coaxial with the given cyhndcr. 

<b>Solvrag AV^-L-toir/R) forana r = Re >É **™. 

For l0V t lhecxptmeiilÍ*(lDV|t<2>-ft00* I0*N -diVc^I .50 * lÜ*Om)J - 0370. whkh gi*« r- <100cm( 
e^* - 2.90 cm. Likewisc. the other radii are J 20 cm (lor 20 V) and 6,08 cm <for JO Vfc 

<c> .\i . - 2.°G ern - 100 cm - OWctiu 4 JO ero - 2.90 cm - 1 JO cm: - 6.08 cm - 4.20 cm - I.RKcm 
EVAl.lfATR: As wc can sec. Aj increaic^ *o Ihc ¿urfacct gei farther anací. Th¡* b vetv dilTerenl from a shcel of 
charge, where the surfacei are cqually inaeed planea, 
23.52. iDEVnrY: The eleetric ftcld i* Ihc negative gradicnt of Ihe poicntial. 

Sí' 

t'r: E — - — . so Ei w the negative sk^tv of the arapbof Kua liinctron of x. 

m 



The graph n iketchcd in figure 23.52. Uptt>a, Vía corntanu 10 E t - 0. From ^ to\ í r is linear wilh a 
ponitive «topeto E v i% a negalive con&tant. Patf í*. ihc l'-vgrapb hji a bVereaving poiilwexlope which approache% 
«ro t na E, U negalive ar*d apnroachc* «to. 
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EVAJX'ATE: Notiec ihai in incrc&ting potcntial d»c* noi nccc«arily mean tKit thc ckctric fkld i* i 




Figure 23.52 



Ui H>KNTIFY: Apply ihc ttork-cncrgy thcorcm. Iq 1 1> 6* 
Sur I r: Potnlx a and A are thown ¡n Figure 23.53a. 



F. ■ 0 



W -Sí 



Figure 23.53a 

t -4J5-10 1 J 



Tlicclcciric forec /; and thc additional forcé / boib Jo work. *o that rt^ -11^ *lf r 
H'^ «álSulf^J -6.50*10 * J «-2.15* 10 * J 

Evaj.CATE: Thc forcea on thc charged par tic le are %hc*vn m Figure 23.53b. 



Figure 23.53b 

Thc clcclnc forcé is to thc kl) Un thc dircelioo »l thccIccrrK ficld ¿ince thc paruclc ha* pü«iIiyc charge). Thc 
di*piaccmcm ü to thc hghL io Ibcclcciric forec dec* ncgativc work. Thc addii tonal forcé /" i± m Ihcdircction of Ihc 
dtxplacctncnL ao il does poiüivc work. 

Ib) iDEVtiFVandSKT Ur; For thc work done by thc eieclric forec. =^<K -K) 



-2.15' 



--2,83*10* V 



¥ 7.60*10 T C 

EVAJXATE: Thc%iarlingpQÍni<p<Hntdtti al 2»&3*10' V lowcr polcniial than ibe ending poial <po*l H Wc 
kttoxv that > r bccaiuc ihc clcctríc ficld ataayi poinfc from high potcntial loward lo» poicntial. 
[c)lDKMfVY3 Calcúlate £ from V é atidlhcwfiaration^bet^^nlTKrn^pmnts. 

SKTTJP: Sincc (be elecrrk fieW W uiufotm and dircclcd oppoute lo thc cbiplaccrncnt ■ ~F k d ■ -qEd. where 
*?-&O0em ü thc diKptacetncrjt of ihc particlc, 

EKCimt £,-^. = -^ = - 2 " 3 - ll> ' V = 3.54. l D-VAn. 

d 0-OSOO m 

EVAJ.CATE: Jn partía), H\ 4 h thc total work done by boih forcea In pan* ib)and(c) ir ^ a toe work done ju*t 
by Ihc clcclnc torce» 



23.54, lDfc\lU"Y; Thc clcctríc forec belween thc electrón and protón h jitraciivc and ha* magnitudc /' 

círcukir nxklion ibe accelcraltoo bt e v". r . U * -i— . 

r 

tfrt r -1.60x10 **C. lcV-l»60xlO M 



2 2 r 2 5-29x10 m 



Ift AJXATE: The total encrgy i* negative* *o ihc electro» i* bound to the protón. Work mtui be done on (he 
electrón to uke ii far from Ihc protón, 
23.55. loEvnn" andSrrlTP: CoJcitalc thc condónente of £ from I-q^23J°K Eq42\3)gha f from £. 



C-r * 4l -240 V'<13.0xl0 ra)' - 7.15* U»' V n 



ce 3 

The rrunu* sign mean» ihai \% in the — ~ *dircclion* which *ay% that C pointe l rom the potilivc onodc (owanl thc 
ncuative cathode> 

<c> f ■ ?£ wf,- = í*Qr" 

llalfway bctv*ccn thc clcctrodcít mean» *y-ó.5Üm1Q~* m. 

F -¿(1.602x10 CMIASkIO* VW ^KUOvIO' 1 m> 14 ID" 11 N 

/" b ptuilive, so thc torce b dirccieti loward the ptwitivc anodc. 

EVAIX'ATE: V dependx only on x t so £ - £ f ■ 0* En directed from high potcntial (anodc) ta km + potcntial 

<cathodci> The electrón haz negative charge* «i thc forcé on it i* directed oppo*¡ic lo ibe eleclric ficld 
13,56. iDEVtiFV: At cach poínt [a jnd ft). the potential i* thc mmof thc potcnUaUduc io/hjiA spherct. Thc volunctcr 
rcadi the diiTcrcncc bciwccn iheve two poicntialt Thc «pncrci ochave likc a pomt-charge* *incc Ihc mclcrti 
conncctcd to Ihc «urfacc of cach onc> 

SkT Upi la i Cali ú ihc poini on thc *urfacc of onciphcrc and h ihc point on thc surfacc of the oihcr «phere, cali r 
thc radiui of cach *phcrc, and cal) J the cerner- lo -«cnlcrdbiancc beiwecn the iphcrca* Thc potcntial dilTerencc l\\ 
bciw-cen pomU a and A ii then 



- K - r„— L_ =í*- 2— ÍU^-)] - JsJJ—i. 



EXKc:t TE: Subtfmiting the number* gjvc* 

•i-Pi- 2(175*C)(^^ 



, fc75ü rn 0.250 m r 
The meter rcod* 8.40 MV. 

4b) Since V» - ¡* negalive. ft* > «opoint ai«ai the hígher polcmúL 

EVA1X ATE: An ea?A' way to *ce ihat the poIcnlUil at a ii higher tluo ihc polenlial ai h » that it would uke posílivc 
work lo move a poiiúvc tc^l charge from A lo d Mncc thb charee «011111 be aitraciect by ihc negalive qihcre and 
rcpclkd by the potllive %pbcic. 

23.57. IDEVIIFY: V - 



SkTfVVz HivH cruigei meam therearc 8(8*1).' 2- 2flpairv THcre are 12 paírs of q And -y *cpjj¿tcd by 12 
paírs of cqual charjzcs icparatcd by Jld and 4 pairs of 4 and -9 scparalcci by . 

E\ AiXATE: <bl Thc fact ihat the clectric potenlial cncruy ü lc*u litan /ero mean» that it i* cner^tically favorable 
Ibr Ihc crysial ion* (o be logcihcr 

23,58, iDEvnFY: Tor lwo «malí ¿pheres, V ■ . Fot parí (b) apply comcr^ation of cncrgy. 
SktI.Tp: Let ^, - 2.00 and i/. - --V50 //(' Let r 4 -0.250 m and #; 

E»am ^^-^-^N^X^QOxlO-^^ 

O250m 

<!»> I/ # «^USZJ- AT.+t;.-^*^ gim K t =0.252 J. ^=^j,M 



EVAl.l'ATE: Ai thc *nhcre movc* awiy» ihc altraclive clectricaL (otee exetted by the other «phere docs neuahvc 
tvork and remover all Ihc kinette cncrgy ¡t ¡nitially had Note Ihai ildocsn't matlcr which sphere t% hekl flxcd And 
wlúch » xhol jway, (be annvcr to part (b> t% una fice tcd + 
23.59. Ui UmffVYi U*e Eq423J0)formeelettroaandea<hpKiUm- 

SKT UP: The poiitiom »í ihc parbele* are *ho»n jn litrurc 23.59a. 



» ra(].07x]0 -*m)/2 = 0.535x10" m 



i i 

Fifniuii 

EXECUTK: The potcniial eocrgy of interactton oíihc electrón with cjcH prolon » 
(/ - * * * \ x> the total patronal cncrgy ík 

4w 0.535x10 ro 

U»-8.60xl0 *' J(lcV/l.602*lO J)*-53.7*V 
EYAIX'ATE: The clectroo and protón have chalet ol*oppo*itc Mgn*.. m> thc potcntiul cttcrgy of the lyitem i* 

DCglIÍVB. 

(1m lüfriviiti and Ski" I'p: Tlie politlón* of the protón* and poiniMi and h are shntvn m Figure 23,59b. 




Apply flí^ +11^ 4 ■ r6* fl wilb poíni a midway belween the prolons and pomi h where thc electrón 
nuiantancotutly ha» v ■ 0 <at it* máximum di*placcmeni */ from potnt a) r 
EXEctTE: Only thc Coulomb forcé doe* work* *o Jl*, 41 - 0. 
f w, . . i -: j (frornparHa» 

JC^ = iw* = i(9.109x 10 " kgH1.50*l0* nv*) ; -1.025*10 " J 

Thcní/, = Jt. tí/. -JC A - 1,025* 10 " J-8.60x 10 B J = -7J75* LO 11 J. 

2Ar : 24S.9BHx|0' N oi^C J )(L60xlO rt C) i 



6.075x10 J 



[/ t -7.575x10 " J 

ThmJsJr;-** -^6.075x10 Jí my -(5.35x10 " m)* -2.88x10 " ni. 

EVAl.t'ATE: The force on thc electrón pulí* ¡t back lowatd the nudpotM. Thc iramvcrtc dwtancc thc electrón 
move* i* aboul 0>27 time» ihc icparatton oí' the proion*. 

23.60. iDEVtiFV: Apply «0 and ]T/\ -0 lo Ihc iphcre. Thc clectrtc forcé on ihc tphere b /' .u. Thc 

potential di líeteme belween the platea ii V - í\í 

Set TJP: Tbe frec-body diagram Ibr thc sphere iigivcn in Figure 23.56. 

toWHI I > co*0 - «n* and r*ui0-*; give* F, - mstanf? - lL50x 10 1 kg)(9.80 ra/*' »an(30 D ) - 0.0085 N 
d q %MnkrC 



23-22 <T»*ptt r 23 



EVAIAAIE: E « Vid = 956 VJm . E - rt% and <7 - - 8.46* 10* CW 

r 




- vi J . a i ii>t mim : The potcntial ai anv poini U ihc minof thc poteniial* duc lo cach of Ihc iwocharccd conductor* 
SeT Up: Frorn Fxamplc 2JJG t for a conduetmg cylindcr with charuc peí unit Icngth k the potcntial outsidc the 
cylmdcr is civcn by - |¿ ■ I 2rtf 1 }tn|r, ■>■> where r is rhedistancc from thc cylindcr axis and i* i« ihc dnunce from 

thc axi* forwhkh wc lakc I* ■ 0. lapide thc cytindcr thc poicniial ha* thc same valúe as on thc cylindcr mi r face Thc 
ckviTX field n thc ¡tan»: íbr a sohd conductíng cylindcr or for a hollow conchicimg lubc so lint expresión Ibr I' 
aprdies lo boih Iht* probfctn say* lo ukc r t - 

EXECliTE: For ihe hollow tubc ofradiu* A and charge perunit Icngth -A: outside V --4&t2jF^)ln{bfr); rn*¡dc 
y-Q anee T-O at r-b. 

For thc mcial cylindcr of radiut 4 and charge pcrunii Icngth Á: 

outudc K-^l/2t%)l#frX i»*iJc f f -(ir?ff%)fa(ta& thc valúe ai r«A 

«o ■ .'. .hml:. h.-k irow*'*) 

(3) «<r <fc CAibide cylindcr. mude lubc V -(AlZr^hHb r) 

(iii) r >b; outtnlc boih thc pnienuaU are cqual in magnitudc and opnositc ín sign so 1-0 
Fot r = ¿. K,»a 

Thui r rf **; -r ( = m.< 2.1^ 

ícUDEVnFV andSerUP; Umc Eqt23-23> lo calcúlale £. 



(d) Thcclccir*: ficld bctvrccn ibe cylindcrs isduconly to ibe ¡nner cylindcr. so 1'^ is not chanued* 
EVAl.t ATE : The clccrñc field is not uniíorm belween thc cylndeis, *o V+ * £0- 

i/ 

23,62. lo£vnFY: Thc wirc and holkm cytindcr form coaxial cylindcrv Problcm 23.61 gives EU\ - 



Wz a -14- .i ., ■ -i i .h. ., 



i and T a£ki( f >üJr-(2 í 0O^IO*N/CHta(O.OISm/145*lO A m))0.OI2m-ll5 



EvaIX'ATE: Thcckcitic Ocld al any > « dúecily pttpotttunal tothepc4cntMldillcrcncebcrw'een thc « ¡re and thc 
cyEndor. 

23.63. tDDnvv amlSrrLP: Uie Eq.f2l-3)tocakuUic F and then f mma che* «. 

Ex^t'tiTE: (ti) F t ■ Sincc i* negative f*, and £ are m oppo«¡ie dnection»: £ ¡x upnard so f¿ ¡* 

dowmvard* Thc rnagnítude of i* 

«|í|£-í£ = <I 602*I0 Clíl.lOxlO 1 N>C)sL76tclO " N. 

<b) Calcúlate thc accclerulíon oflbe clccrron produced by theelecirv forcé; 

m 9J09xlO kg 

EVAIX'ATE: Thc* i* much larger than ^-9.K0m'*", so ihe gmvily forcé on thcclcciron can be neglected. r t \% 
dow (itturd. is dovtnuard. 

íc) IDEVTIFV and SETUP: The acceieratíon isconslani and downward* so thc rnotion is likc thal of a projc^tilc. 
Use thc horizontal molton lo llnd thc time and Ihcn thc lime lo llnd thc wrtK~al diiptaccment 
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Emxi TE: .i-cpropittxtti 

v #( a6,50xl0*aifc; a,»tfc x-.^- 0.060 m; f = ? 
x-x+* v t j * ^at i and Ihc a. term i* /ero* *o 
( .f Z ^._ft060» . 9iJIxIff - l 
iv 650x10* 



v #í =Ct fl, = IMxlfr mV; f-9.23UlO*nv*: j-Jfc-t 
/-^^(IMxLO 1 * roVKW3]*ílO' *)* = O 0OK22 m - O H22 cm 

d t Thc vclocíty and it* ttwnponcnt* ja thc electrón (caves thc piales are skclchcd in Figuro 23.63, 

i i r. ■.! ■ |.i mi* (unce j -0> 

v *0+(1.93*10" m* ; K9-2JI-IO*«) 

- r, *L7S2xlü* m'« 
t'ÍKwrr 23A3 

r_ 1.782xlO*m-* _„ 
r ( 6.50 ni O 4 itvi 

EVAJXATE: Thc greater Ibc electríc 5cld or thc ¡ttmllcr thc inihal speed (he utcaicr thc do*vímurd dcftcclioiv 
\tí tüK\iu\ anj Ski I'p: Considcr thc motíon of ib? electrón after ¡t lea ves thc región bctwecn Ibc platea 
Outtnlc thc piales otero a no clcctric Hcld* k» j - 0. (Gravitycan Mili be ncglcctcd since thc electrón ii travcling al 
tuch luuh *pccd and the tímeme smalL) Use thc horizontal moción to flnd rbe lime ¡t lakcs thc electrón lo tnvcl 
QJ2Omhorij>0nla!ly lo ibcicrociv From tbb tímefind thc di Manee down^ard thai ihe clcciton troveta* 



x — X» J Vj 4 J * ±aj and ibc ti, lerm i* term » /ero. w 

x-*, 0120 m - 

f = 1= -L846*IO^s 

v u 650xir/m* 

] n :u v ífromparHbn; * -ft r - Ut46*IO ' mi: j-r ( -? 

(1-782x10* m*Hl H46*10' ») - 0.0329 m = 3,29 cm 
¥-\ AJX'ATE: Thc electrón imvcU de*»™ atd a dislancc O t R22 cm ulule il ¡* belween thc platee and 
3,29 cm whilc rraveliny. Irorn ihe edge ol the phlo lo thc teroen. Thc total downw ¿ra" deÜeetion íi 
0,H22cm*3.29cm-4.1L cm. 

Thc hixtzontal duiancc bchvcen thc platel u half thc horizontal di&lancc thc electrón travcl* aflcr ti Icave* thc 
plato. And Ibc vertical vclocity of Ihc electrón ¡ncrca*ci x% ¡t rravcl* hcrwccn thc pbte*. so ¡1 itukci scnüc for il to 
htive gfCAlcr Oi*wnWi*tU duplftccnrmi ditfing ibc motion «iflcr il Icaves thc pl*ilc% + 
23.64. iDEVnrY: Thc charoc on ihc píale* and ihc clcclríc ficU betu-cen ihem depend on thc potcnbal ditlcroncc acmi% thc 
pbics. Sincc wc do nol knw ihc numerKul potcnluiL «e shall cjiII thu potenibl V jnd find Ibc in term» of K 

jiShU: For two p*r*lle1 pbte% t thc potcnial dilTcroncc between thcm i* r=fi/ = irfs^. 

EXKC'lTTK: Solving for Q givA 

e»^K/rfa(8 + 85x 10 'ViW ro : K0.03O m} : r |00050 m) 

Q-\2W% 10 "r litPl*", nkm riiinvxdtt 
<b>£ - V/d- ^0W50 m) - 2001' Vm with Tin 
<c> Skt l Jp: Energy conservalion gi>e* ^jhv* ■ cV. 
Kmxi tf.: SoK ing for v utve» 




2(1-60x10 " c\r t Ért 

-1 , — í— = 5.9Jx 1 O* P 1 ' m * , with y in ^xA* 



EVAIXATE: Typícal voluigcs tn Mudcnt bbomtory work ron up to atound 25 V 4 w Ine chance on ihe pbtc« i* upicjJly 
ibttui oround 40 pC, Ihc clcctríc ftcld \* aboul 5000 WJm. arkd the elccimn *pccd would be about 3 million m v 



klf.Utaff «id k|a 1^™*"»*»» 



r 1 

23.65. UIlHENm andSm l'P: Problcrn 23.61 dcríved that £- — . whctc¿j i* thc radira of Ibe ¡nncrcyhndcr 

(wírcl and h b thc radiuN of thcoutcr hollow cylindcr* The polenta I difícrcnce h:usven Ibe lwo c> tinikrs i» f^, 
U*e th» cxprcnian (o calcúlate /i al (he *pccilicd/: 

EXECLTE: VÜdtt j.y bctwccn ib: wirc and Ihc CYlindcr »all «41 a radium of 
r-(**»K2 = 1900*10 ' m*0 140 m>>2 - 007004 rn. 

B -_í^_i- M " i ; V -9.7lxltfV ta 

ki(fr/ff)r bi» IJOm 900-10 * mX0J)7DCM m) 

(b> lOEVnrV and Ser Tbc electric forcé i* given by Eq,(2l J). Set Ihb cqual (o ten (¡me* (he wcight of thc 
parí w le and *olvc for |f |* thc nugniiiKlc of ihc charge un (he particle. 

lito; 10(30.0*10* kgK^KOm? 

9.71*10' Vrn 

EVAJ.l'ATE: )t rcquirc* only ihi* modc&i nci charge for ihc electoc fttrce to be much targer tKin ihe wcighi 
23. ó*, <ai |]»:MIKV: kulak* (he potcntial due tocaeh ihin ring ¿nd inte víale ovci (he di*k (o find thc polcnhjl. P¡* a 
scalar m> no componente are invotved 

SKT Up: Ciifttider a thin ringof radium y and width rfy The ring ha* arca 2*xyrfi* u> Ihc charge on (he ring b 

EXECUTK: The rcmlt of tlxamplc 23.1 1 (hen *¡ty* thai ihc noiential due lo ihb ihin rmga( ihc poínl on (he jai* al a 
dbiancc v frorn thc ring i* 

¿y - 1 2m > d y 

EVALUAIS! For x^R (hb rcailt ¿hould reduce to Ihc potcntial of a point charge wiih Q-anJt\ 

V?nr * *<l + * vy ■■* * jo+ «^j'> ** - * * *'* 2* 

ff 0 .-i 

Thcn I a— , a*cxpcctcd T 

24, Ix As*? 4t*>* 
(b)lDEVnrV andScrL'P: U*c Eq.(23J9> loc¿lcuUle £. 

Ex>:t ITE: £ + 



EvaIXATE: Ourrc^ult agrecs whh Eq*(21.M) üi Exampk 21.12. 
2.V67. (i)lDCfTVYS U*c K.-ri-J É dí 

Sef W: Frorn Probletn 214g 4 £(r) ■ y^p- fcr r¿ Jt (¡mide the cylindrical cturge diitríbulion) and 

£<r)--^— , ^: 1 i i' ■ <4t ihe «urbee of thc c\uncto> 
2^c,r 

l'AH i JJ : r>R 

Takc pomt j tobe al R and potnl Ato be al r\ wherc r > R Leí éf — iJK £ and tfr are both radial ly outwanL so 
£ dr -£dr. Tbu* ll-f¡ ■J'jMi Theo *;-0 gíve> K «-í'f lo thut mlenil lr> £(r) - .&2x *.r. »o 



**2x*r 2«i»r 2t* líí, 



KVAl.VATE: Thn expresión gucs 1' ■ 0 when i - í and thc notenlial dccrcatc* ibecome* a negative iwimber of 
Lnver mattnitudc) wuít in¿rca*inc di*iancc Irom ihc cyhnder 



Lwciiit PuUntiaL 23-25 



l'Aiii ji: r < 

Take ir . - ■ wbcre ^< fl. andpoiot b al ¿í É dr - Edr a» bcforc* Thut K, - J Tben I , - 0 v 

K -\*£dr> lo ihi* ioieral \r*R\ E{r)~ IrtlxtJ? . *o 



f I*. 



Kvaj.CATE: Thn expresión aU& «rvc* V. -0 wben r-# r The potcntial ¡* -1/4» 



viln 



(1u EXKCt'YE: Grapluuf Tand£a* (uncu™ of r are tkcwhcd io figure 23.6? 





re 23,67 

EVAIXATG: EMmyrú thc ocgaiircof thcnlopeof V{r) at Ibal r (r:cj.23.23). 

23*68. Ipfcvntv: Htc alplui particlc* «Un oul with kineiic cncrgy and %t ind up wiih cicctrical potcntia) cnctgy al cIcacM 
approach to thc cuelen*. 

Si;r t r: lai Thc cocrgy of thc »y»tcm is conservad, with f - < 1 J.rr iK99i ' r l bcwg loe decirte potcntial ettergy 
With thc charuc of ihc alpha partiele being 2c ar*J thal oí thc goU nuclcut beiog Z*\ wc have 

1 a 1 22fc* 

2 4** JE 

E\>xt TE: Solving for v and u*ing Z- 79 Por gold give* 



*Zt ! M.«xlD > N-m í íC a k4I(79)ll.íO*IO- , *Cj , 

- ./ - 4.4 x 10 ms 

«mJmA H 6.7 - JO ku 1(5.6» 10 lt oí) 



Wc have neglcclcd any rcUtiviitic cflccti. 

lfo> Outt*üc thc atom. ii i* neutral tatide thc atorn. wc can model loe 79 electrón» a» a unifurm *pbcr¡cal thcIL whieh 
produce» noclcclric fietd incide of ir&clf. so thc onry cicciric fícld is thal of thc ouclcui. 

\i i ati.: N'ccjcetiog rclativUltc cftcct* wat mx mch a cuod idea siocc loe ipccd m part (a) i* over 10% loe 
*pccd of light. Modcling 79 electrón» a» a unifbrrn »pherical »hcll « rcusonablc but wc would nol wani lo do Ibis 
with mua!1 atonto. 



23.69. lOENtirV: v m - i; - J A í ■ . 

l'P: FrooiExampk2LI0.«*eha^: r 



r -- 



2 ¡ 



df - . Leí tf-tc h> r. -0 



KvaIXATE: Ourrc»ult asree% wiih Eq.123.16) in Example 23JI. 



¿3.70. lotvnfY: I>im<íc thc rod mhi miinjlcsimal secjncmi with 

dV — . Intégrale over thc rod to find thc toial potcntul 



rfj. Thc potcniial Jl'due tu ihe 



VH Jg-^/,wilh ^ ~{J *cr*nd 
I do I ¿Jj 



íwkitk: - 



o do 



23-2* (Tiuptr r 23 



EVAJXATE: Al! (he charge of thc ring i* ihc *arnc diitancc a frorn thc cerner of curvuture* 

23.71. IdeviifV: Wc imití intégrate to fwd ihc lolal encrgy because thc encrgy tobrmg in more charge dcrwodsim thc 
charge alrcady prctent* 

Skf Up: If pi* thc unilbrm volunte charge densíty. thc charge ol a «pherieal *hcll or radiu* f and lhicknc**(/r txdq 
- /> 4 ít*"* i4r. and /»- @ ( ¿ 1 .uV Ihc charge alrcady prc&cnl ¡n a sphere ofradiuw is ^ ■ /*4.'3 Thc coergy lo 
bring thc charge to thc «urfacc ofibc charge */ i* 1'j'í/. whetc í'h thc potcniial duc to¿/. which b fii^r. 

ExíictTE: Thc toUl encrgy toasiemblc ihc cntirc sphere of rudiu* ft and charge Ovt sum (integral) of Ibe uny 
¡nerernents of encrgy- 

where wc ha*v ¿ubrtituted p ~ ^4. ) nft > and umplificd ihc rcsull* 

EvaJXATE: l'or a point ehorge* í-jflsot'^r, whkh mean* thal a noint-charge should nave infinite self 
encrgy. Thi* laicgcMs thal cilhcr poini'Chargci are impoiubk, or that our prc*cnl trcaimcni of physie* i* nol 
adcuuatc at (he extreme! y smaü tcalc. or both. 

23.72. IdevtifY: P 4 -J' e - J É di . Thc decirte ftekl i* radi ally ouiwanJ* *o É+dt *Edr. 
SETVfz Lct <r-x. so T >«. 

EX>:ci¡TE: From llamóle 22.9, we have ihc follou/ing. For r> A*:£- — and T --ípf— i — , 

r * r' r 



*0r 

lb> Thcgrapfa of J'and £ venus ' are sketched ¡n Figure 23,72, 

E\ AM ATE: For r< A thc polcnlial ckrrttndi on thc ckvirv tlcld in thc región r 

V r 





-JL-d-^fft^ for rSA aod K for r*Jt\ 



4*^ 



4^* 

[10 If p>0, rbhigberal thc ccnlcr If O - 0 w V\% rugher at thc «urfacc. 

EVAIXATE: For Q >Oihcclcctric 5eld is radally milward. £ ^dxrccted tmvard kittcr poiential %o 1'iihighcrai 
tbcccnlcr If O<0. thc cte<tricficldbdirccicdradidllvinuurdand Vh higher at ihe 



23.74. IdevtifY: For r < ¿ . £ - 0 and thc potential i& coruUni. Fttr r >c , £ U ihc «irnc as for a point charge and r ■ — 

r 

ITP: V m mQ 

U)P«nU a>,andr are aJI it thc «ame potcntiaU *o K-K*K-K -K-K =0. 



/¡ 0.60 m 



fb) Thc> are all al thc same poicmidL 

(clOnly V -r would change: it would be :::=.'■. 



EyajXATE: The vofcmcicr reacfc thc potcnrial diffcrcncc betacen Ihc rwo pointt lo whkh il is connccicd. 
23.75. iDEVnn and S»:t L'F: Apply * -dífi dr and Newton* rhird law 

E\K(Tt<TE: (ti) Thc clcclrical potcniial enercv for j ^phcrical *hcll with unilbrm surlatv charge density and a point 
charge q tHífeidc ihc ihell is ib: iamc a* ¡f thc shctl b «placed by a r*>int charge al ¡fe cerner Sincc F m-dUfdr* 

thb mean* thc forcé ihc ihcllcxcmonlhcpoini charge ti thc same as if ihcihcll wcrc rcplaccd by a point charge al 
ife center. Hut by Ncwion '% V J law. thc forcé q exem on thc xhcll i* (he lame a» if thc sbcll wcrc j point charge But 

9 can be rcplaccd by a «phcrical ihcll with unifotm surfacc charge and thc forcé b Ihc same. m> Ihc force betw cen Ihe 

sbdU b Ihc same a» il'thcy wcre both rcplaccd by point charles al Iheir centén. And sincc thc force b ihc lame as fot 
point chatres, thc eiecirícal potcntul cnergy lor Ihe pair of xpbercs b thc same as for a pair of point charges* 
tb) The potential lor sol id innulaimg *phcrci with uniform charge density is ihe same oufeidcof thc *phcrc ai for a 
*pbcrical *hcl1. so ihe same rcsult holdi. 

(c) The repulí docsrTl hold lor conducting tohere* or shclU because xvhcn v*w charged conducían are brought cióse 
togclhcr. ibe forces bchvccn thcm causes thc charges lo rcdbiribuic and thc charges are no longcr dtMntmtcd 
unifocmlv over Ihc Miríatví 



«herc*. /■ ¿ LllJ and íf -ÍS^-whore q and arc thc c 



EVAIX'ATE: For thc mtulaiut£ uiciU or spheres, r e f ■ ' and U - . where q m and q ¿ arc thc churre* ol 

r r 

thc objeeis and r i* thc dbiancc oclwccn theú centén* 
23.76. loEvnrV: vVppdy Ncwton*s tecond law lo calcúlate Ihc accclcration* Apply conncrvalion of cnergy and 
con&crvaiion of momcnuim lo ihc motion&of thc sphere** 



Su i r: Prti 



Mcm 23.75 show» that F-tií^il and t T - iííí¿., wberc q k and ^ are thc chargci ofihc objecb and 
* ñ thc distance bctwccn their cetilers. 

EX£('LTE: Máximum %pccd occur% i*ben thc spheres arc very far apart* I'.nciuy comcn'atuin kivc* 

- * ^ B| tti , íti - Momenrum comervation gUn n 4 v to «J^^v^ and v ta *3i; ia . r -0*50 ro, Soh^e for v u 

ind V| to : ^»l2Jm/*, ^„ » m¡% . Máximum acccleration occtinjusl añer spheresarc rclcascd. i ma 

r iO>timi 

* 

EVAl.VATE: Thc more massive spbere has a imallcr accelcralion and a smallcr final ipeed* 
23.77. iDEVTirV: Use Eq*(23*l?j «o calcúlate i \ . 

S»:r U- From rroblem 2143. for R$rí2R (bciwccn thc spbere and Ihe ihelll £ - Q 4zt¿ : 
TnkcflBtJíaMl6«tM 



.r 



0(1 l 



EvaI.VATE: Thc cketric llcld b raifaalty outuard and point* in thc dircelion of decrea^in^ potential. *o ihc sphcrc 
is at hi^her poieniial than ihe shell 
13.7S. iDcvnrv: v t -v¿ ■ J*í *J 

s> i 1 t: l ! ifé, Problem 22.42 shoi*%ihal £<r)-0 for r$a , £ír)-¿í .r 1 for 

ir <r</>, £|rí-0 for A<r<c and £fr1s<ta/r J Ibr r>e. 



Ib) Al 



(d) Al r«0: K -kq — — — + — I lince ti it inxid: a melal sphcrc» and thu* al Ihe «ame polcnual a* tu sutfacCn 
e b a} 

EVAIXATG: The poienual diffcrcncc bcCAcen Ihc Iwo conducios is V '-V. \-&q[L -i . 



23 ÍS (Tiaptfr 23 



23.79. Idevtify: SI ice Ihc rixl inlo thin tuce* and use I:qi23.l4> lo calcúlale thc potcntta) duc locarh *licc. Intégrale 
over thc Icnglb of thc rod to fínd Ihc lolal polcntial al cach point 

<a)Srrllr: An mfinitciimal *licc ofthe rod and il*d»tancc frorn point /' arv fthown ¡n Figure 23.79a. 




Figure 23.79a 

Use coordinóte* wrth dic origin at thc kft*hand cod of Ihc rud and one axiialomt thc rod. Cali thc a*c* x* and y* na 
as nol lo conluic them ^viih thc distance x ^¡ivcn in thc pt oblcm. 

EXECTYE: Sbcc thc charged rod up «rito trun sltce* of width ^ + Each dice loa charge - Qidf'a} and a 
dislancc /* - x + a-x* froro point P. Ihc poicntial al /*duc to thc *mall iitcc rfpb 

Compute the tola) I" al /* duc lo ihc cutiré rod by integraling dVwtct ihc Icnglhof Ihc rod (y*- 0 lo x*=a) 

v.iév.- g-f- * — g-r-^-^g— g-Jfífl. 

J 4t^*'<"0-*'> 4r^ ¡tí..." I i ) 

EVALUAIS! Ai F-*_^_fclfilaO. 

4xc.ii Va:; 

Ibí Skt l 1 ! 1 : An infinitesimal slkc of Ibc rod and ¡ti dislance rVom poini R are *h*mn in Tienrc 23.7% t 




¿0 \Q a\d\ 



l'iaure 23.791» 



W 



Each %\ttxdQ t% a diitance ? m yj frompointJÍ 
EXíXl TK: The potcnlial <i\ ji duc li> ihc nnall dice dOú 



ir4,\ r J 4x4, a J/+(a- 



«1 



In ihc mtcirral makc Ib: chance of variable u - a - i . *ji± - — ¿Ér 



L 1 



(The c^prtKion Ibr thc integral uis found in appcndix U.) 
EyaMATE: As r* 



ElctfrK Putcntial 23-29 



From Appcndix B t Iníl - m - u - u J 2 .. ki Irjl * j v) - j i j and thi* bccoraei «r*J wben * n largc. 
1'Aui ji: Thua I -» ( _ Feriarse*, rhecomc* ihc poicniial ofa point charge. 



— In —4 L * — 



FroraAppcndixB. Jl^tf 1 // *(■ + •* V)''* + 

Thut afy + ij\ + a*ty* -+\+aly + a*f2y*+„.-*\ + aty. And ihenuting nL - u)*u gira 



Evaixatk; I oí largc r, I' bccome* ihc potencial ufa point chargc. 
23.80. iDEvnrY: The potcniial at ibciurráccof a uniformly chatged qihcre U K — ^- 

SKT l T r: Fot a s phere, I" ■ ¿ x . Whcn ibc raindrup* merge ihc lolal charge and volunte i* conserved. 

■m» h)r.j£."- | J°-y i q.., iiV 

A 6 + 50*IO J m 

tb) The volunte doublcN* «t thc radium incrcaicáby ihc cube root of rwo: ft trm ■ í/5/f ^8.19* ID * m and ihc 
chwg*» t?— -20= -2.40x10 *'C. Tbt ne* jrtential t% = =. — — = -26.4 V . 
EVALUAIS: The cbarge tfeuble* bul thc radium abo ¡ncrcara and thc potcniial al Ihc «urfocc ¡nácara by onry a 

23.KL (a) IüEHTIfY and SETO: Thc polcniial at (he turraccof a charged conduciing iphcrc n given by foarnple 23,8: 
I 4 

V ■ * I' oí iphcrci J un B (hit civci 

K, m —Si — Büd F É ■ — @! — . 
4«.K, 4^K, 

EXKHIE: = gira p, 4:* Jf. - p, Ir^ff, ud Q,'Q,-ft,'H, Andihen R, - iK t impJici 

1h) iDEVnFV aml Si:r l'n The decirte (icM ai ihc wrfxc of j charged conducting qihcrc u giren in 
líxamplc 22.5: 

4t^F 

EXLCLTE: For iphcrc* ^ and 8 ihí* givc% 

í i (^I i tf) a|eiíp ' m)J=11 ' 3K3,,=3 ' 

Evam:aTB: Thc Kphcrc wlih thc larger rdditrt nccdi more nct chatgc lo produce thc ^amc noicntial. Wc can «tíic 
E - y>R fot a iphere* *o with cqual potcntiab thc *phcrc uith thc mujIIít K hai thc larger I". 
23.K2. EDDnvn Apply con*cr\aUoo of cneruy* K t +U t — íí 4 *í/ fc . 

SKTUP: A&fumc thc pariklc* ínitíally are larapati. «o U - D t Thc alpha parliclc ha* /crotpccd al thc dUlanceof 
closeil approach. 10 A'^ - 0, I eV -L60x 10 * v J . Thc alpha parliclc ha* charge *2tf and thc Icad nuclcu\ has 
charec -K2e. 



23 3* (Ti*pirrB 



Sel ihc alpha pjrúclc'% kinctic cnctvy et|ual t« its potentul cnergy: A' . - í/, 

llMU . ft(2*XK2t) A<l64HL60*IO rt Cl' _._ _„ M 

0MíV¿ andr- — ■ ___-2. 15*10 m. 

EVAJXATE: The cakulation asuunic* ihai at Ihc diitancc of elencit approach Ib? Alpha pulióle i* ixiuirfc ib? radiu* 
of Ihc tadnuclcui. 

23.83. Idevhfv aml Si;r Lp: The potcntiul ai the surfacc i* given by Exampk 23.8 and (he elcclrc lícld al ib? lurfacc i* 
ffiven by Lxample 22.5. The charuc imiially on ¿phere I snicad* bctwecn ihe iwo «phere* mch a» lo bring Incm lo 



<b> T™ condlilon* musí be mcí 

1 1 Leí i/ijml be the Anal potcntiah of caeh *pbcre Tben ^, -* i/. - £>, (charge coracraition) 

2) Let V% and *?be the final poicntiali of caeh spherc. Allpointiof a conductor are al the *amc potcnt¡al**o V\ = K r 
K-K rehuiré* that 1 ft ■ 1 * 1 andlncn aVA-oVA 

<cr *¡ - — í— — — and V\ - _!_Íl 2 , whicb equil* a* ¡t ¡hould 

*H, A; 4*4,(4 * *j ) 4*4, A; 4tM ff t t > 

(flí- ü @ f ü a 

EVAIX'ATE: Pan (a) viy* q¡ -*/ t <JÍ : fi t The «phete with the largcr radiux need* more charge lo produce the 
same poleotul al ¡ts Mirfacc. Whcn fl - g t - ^ .'2. The tpbere with the larucr nidiw has the *nxillcr 
elecirW field al ¡ti %urface. 

23.54. idmifv: Appiy r f -v k mj^É á 

WOVn From Ptoblcm 2157. for r 2 . f . Fot * . £-i^ *p" 3 ^ 
EXEíUTK: M r 2 ñ : £ = ^ ^ T = -J^fr' - í£ , which i* Ihc poicniul of a poini charge. 

71 if a* J { ¿ F F *' É T|_jF F J 

EvaUATE: Al r-*, r-t, ¡ ^ rd^-iriL ¡ . Ilm . r.- Jully oulward and riocrej^asr 

dsoovcK 

23.85. iDtvnrV: Apply con»er\ h al¡on of encrgy: /:,-/-,. 

SKT Up: ln the colli&ion Ihc initial kinetíc cnergy of the twopanklci ¡sconvened inio poicntul cncrgy at ine 
düiance of chncM approach. 

l An i tk: (a.)Tbc paxi prolon» mu«i approach lo a distance of 2r p , where r i* the radius of a pmlon. 

H * . «fl il *^ . f™ *íi.60xio **rv lrf . 

£ - £ rí« 2 -my U and J V. 1— 7.S8 Wfl*mA. 

Ib) Tora hctium hcliumcollmon* the cbargci and tmzm chance from<al and 



i 



«ai.6o.io-c»' m7i3$Hl¥m/ , 



[3.5*10 "01)1199X1.67-10- kg> 

2 2 * JA 3(1 J8-I0" J;K) 



r , (2.99M' 67x10 ^ kg)<7.26x 10* mf*f _ f K 



3í 3<I.3Kk10^ J/K) 



ClecliK PotciitiaL 2WI 



(d) Thcvc calcula) ion* wcrc ba*cd un che pjJiiclcV average «peed. The distribución of ipecd* enmrei that ihere Are 
ahtay* a ccttain perecntage *ilh a *pccd grcalcr trun ihe average tpced and Ihc»c particki can imdergo thc 
nevctury rcacbottt m (he <tin'i core. 

EvaIXATE: Thc kinctic encrgtci required fec liiuon correspond to very high tcropcraiure*. 
21» iDEvnn- andSrrfP: Apply Eq.| 23.20). ÍLlí-P -r ( and F - ^ - J^C íA" 

Exmrnt: (a) í - £üí -^i . -2¿iJ+ Mi? -2¿J 
dx & 

• * 

(fe) A charle ta moved inalong thc z -ai*. Thc «vrk done U given by i .. / i.- M:U:- *i.fi/i:.; t 

^ (1 .5x10 * CK0.250 m)' 
<c> £(0.0.0,250)* -2(64j0 V/nTKO.250 m)É * W320 V/m)¿ . 

id} In evety plañe parallci lo thc c-pbnc + 1 n corutant, *o P(*.y.r)- .ir" r Az w -C wherc Calí/. 

# . which is thc equalion fot a cítele xince A ii consdant ai long as wc have consiant polenUal i 



thtuc planes. 

fi4«V;ID' 

» 3.74 m 

EVAIXATE: In any plañe paralld lo thc tr*planc, £ projected onto thc plañe h radial and henee perpendicutir lo 
(he cqui potcntial cireks. 
23.K7, Id£vtifv: Apply con*crvalion ofeticrgy lo Ihe molion of ihc daughtcr nuda 

SET líP: Problcm 23.73 show* ihat Ihe clcctrical potcntial cncrgy ofthe two miclei ¡* Ihe orne a¡i if aJl iheir charge 
wai conccnuaicd al their ecnterv 

EXKC'UYE: (a) Tne mo daughlcr nucki nave half ihe volunte of thc original uranium nuclcu*. *o their radü are 
imallcrbyafaciorof thc cube rootof 2; * V * ■ . ': m. 

4b) U - A<46 " > ^ * W> 0 60*10 — C)_ _ 4 }4j( 10 -m j _ rj«2JC , wheie A' i* Ihe final kinctic cncruy of each 
2r 1.1* - II 1 m 



LLL"_: 



ku* A* «(//2*(4J4xl0 J)/2 = 107x10 "J. 



(t) Ifwchavc 10.0 kgof uranuim. then ihe numher of nucki i* rt- H>-ükg - 2.55 x 10 a nucki. 

(236uKl'66x lO * kg/u> 

Aid cachrekoacienergyt*. «> £-aí/ = (2.35x 10**4,14x10 " J)~ l.Oóx 10 1 * J - 25ikilotom of TNT . 

(d) Wc could cali an atomic bomb an "elcíitv^ bomb vútec thc eleciñe potcntial cncrgy pro>>dcft ihe kinclic cnergy 
of thc particlev 

E^ ai.I'ATE: Thn «imple modcl considera only thc eléctrica! Ibrce bctwccn thc daughter nucleí and necket* ihe 
nuckar foree. 

iDtvnn' and Si;i I r: In pan (al appK E ■ - ln P*M <b) apply GauM*i law. 

BV nj* l \ r r^l Adir 1 
Exmrm <a)For ríd. E — £-£2Z_ -6-^+6— - — -Fot rZa % E — =0. Eha* 

onty a radial componen! becauw V dependí only on r. 



23 32 Hiupirr B 



(c) For ría * ■ 0 , *o ibc total charle cridara! will be gitvri by 



EVALPATSl Apply Causas bw toi ¿phere of radio* r > R . Thc result ofpan<c>*ay* thai O _ C . *o £-0. 

Thü agrra with thc result calculaicd ¡n pan t a) 
23.89, Idemvkv: Angular ntonvntum and cncrgv musí be comerved* 

SET 1 i'. Al ibc unce of c losen approach Ib? ipccd » not /ero. E-K + U . q, = 2r . ^ - H2* . 

on^Bfln^. H"*, gira «¡-¿JW^+ÍSÍL, - 1 1 M*V - 1.76- 10 J . r a u thc dtsiancc of 

2 1 



(£>/-(^j)r i -£A J =O i FoT6 = IO' í ni t r i = I.OUIO' I ni.ForA-lO' i m i r¡ - LIUIO m And íbr 
6-10 M m, f) -2.54x10 "m. 

EVAlt ATE: A» acercase* thc collinon is clcuer to bemg hcad-on and ibc duuacc apecoach decrouci 

Probkm23K2iboi^malihcdüünccofcÍt>snl approach « 2.15x10 M m when ¿=Ü. 
23.90. Ideniiey: Cons*dcr thc potcruial duc luán mfitutcfimal slice of ihc cyhndct and intégrale oven thc lengthof thc 

dV 

v\]]ftdcr to llod thc totil potcnlial Thc ctcctnc tic U » ¿ilorn; thc axisof thc tubc and ¡s unen by E * — 

& 

SKT Up: Uso thc expresión from Mxample 23 .1 1 fot thc potcntial di*? (ocach infinitesimal slice. Lcl ibc iticc be a 
coordínale r along thc a-íaís, rcfativc lo ihc center of thc tubc. 

EXECUTE: (a) I' otan infinitesimal ilicc of ibc fmile cvlindcr* wc have thc potenha) 
* - — I ■ - — I ■ whcrcv -x*- : . Tnerclorc. 



on ibccyhndcr axu r 



IWFor L«R. F*í^ln 



[1/2 + tf* + Ij2 - *1 *p ( + *£/2- 



F* 



£ ,/( Lfl + x? * Jí 1 - Li 2 - x j ¿ [J^ + aX + Jc 1 



F ■* ^ i - . ^ , whkh is thc same ai Ibr a rinii. 



BV 2kQ[^L - 2xf * iR> - - 2,1' - AR' ) 

l'A \ li ate: for L«R Ibc cxprctsioci for E t reducen lo Ihal Ibr a ringof chargc + as civen ¡n liumplc 23.14, 

23.91. iD&xnFY: Whcn thc oil drop is at test, thc up^ + ard forec |f |ÍT from thc cicclric fícld cquaU ibcdounward wcighl 

of thc drop. Whcn Ihc drop n falling al ils terminal *jvcd, Ütc up^v jrd viicous fotve c^uals thc downu ard u'cíghl of 
thc drop. 

SeT VPz Ibc rolum: of thc diop ¡s rclatcd to üs radius r by F = ^xr l - 

& F t *mg = ±?£-pg.F^ftE* q \y*fd. F 9 - F 9 gtves |,.| 



3 r *j 




« ar ! -r r-! _ = 4.S0* 0 ' C - Je Tbe drop acuwrcd ihrcc 



-507x10 Qi*D.5DTcim 

2<S2J ¿¿TnTH^OnvTi 



EV ALIATE: The weightof thectopi* JíylJ/jg -4 t 4* 10 11 N . The tkntityofair al roooi tempcraiure ¡i 

. 1 i. . ■ .i ■ ■ the ■■ ■ v. ■. i ; i **H uid can be ncglecied* 

m k +m t 

r 

EXIXIIE: («v J (^'0^«X40Qy t -<i.lO-k 8>l nO(>m >tj70(( 

■ ÓGxlO*ltg*J.O*lO kg ' 

<b) ¡' ~~ 1,1 ' « ¿m ■ ** r j)*¡.' Aller expandios theceoicrof ira* vetocity and colkctinji likc 

<d) Stncc (he cnergy U leu than .reía, the *y*icm k "bound** 

(e) The máximum ^epamhon when the velocity U zcro: -L9 J - givci 

r 

-K9J 

<f> Ninvu^nk' v - 40Q ni/s ind v - IKtWl m/s T « c find /: - t9 6 J . The p^iek* do c*capc. jik! the fmj] reblive 



EVALUATE: For an iiolaied wfltm ihe vcloeity oí the cerner ofmasu W ccin&iarjt and the *v*lcm musí rcum ihe 
kineikr cticruv ¡mociaicd with (he n»i«m uf the cerner of ira». 



Cai-acitanck and Diklkctrk s 



24 



24.1. iDEVtiFY: C --2- 
SetUP: I j/F-HT* F 

EXECVTH! G»CV^»l7.2B*lO* F*25.0 V>» I.*2*10^ C - IH2 
EvaIXATE: One piale ha* chargc and (he oüier bu charge Q 

24.2. iDEVnn ' jadSKTUfs — .C*— ^nd 1/ - £d . 

¿ 0.00122 nr ^ w „ 
*¿ ' 0 00328 m ^ 

C 3.29*10 "F 

IMH>32& m 

EVAl.t'ATE: The eketríe fie Id i* uní forra beiuccn thc piale*, at poíni* ihai arctít elote co Üie edge» 
24 J_ iDEVnFY jjhISefUp: Ii i% aparalJel-plale air capacitor. *a we can appl) ibe equaiiora oí ScctÍon*24.L 

O o auftxio~*c 

EXEClíTE: ígJf-lioV.-l-- !_L_L-6ÍMV 

"* C 24Sxlir u P 

U CJ (245x10 '* FW0.32H*10 ' ro| # , 

d *. USixUT 1 C'/Nai' 

<c> \\ - £rf*o£-li — — líUxItf- VVm 

OJ2&xl0 m 

d *off-£^-(L84y|f/ V/rn)(& + 85JxlO u C i m*m í )-l.tó-IO l C/m' 

EVAIXATE: We c<ra)d aJtt calcúlate a direcüy a> QtA. g» — ^ 0.148*10 — C _ 10'* ÍVro*. whícb checkt 

24.4. iDEVnFY: C ■ wben there b air bciwccn ihe plate*. 

d 

SETUP: A*(3.0*Í0 J rol 1 b Ihe arca oftacb píale* 

Kx,,.,k : C . aMi ' 10 " ***">"«f ■** ,1J9,1D- p-ijgpf 

5.0x10 m 

EyaIXATE: C increa*c* wben .1 Ulerearte* and C ¡ncrean:?t when J dccrea*c*, 

24.5. IdevtifV: C^— . C-i^. 

Ka d 

SKT ITp: When the capacitor U ciranccicd lo (he baiicry. V * 12.0 V . 
EXErt lK: (s> Q-CV^ -|10.0*W FKI2.0 Vi - I 20x 10 * C - 120 ¿rC 
<b) When 1% doubted C ■ bal ved. *» <í w balved. 0 - 60 ■ 

<c>If rii doublcd.A ¡ncrease* by a factor of 4. Cinereate* by a factor of 4 and (í increatc* bv a faciar of 4. 
0*4gO pC. 

EyaIA'ATE: When ibc plates are moved apon, leu cbarce on Üie pialen ii requíred lo produce ihe *ame potcntia] 
djffcrencc, Wíih ihe ¿eparatton of ihe piale* coruiam. ihe eleciric fíeld mu.%1 remain conMant (n piodwe ibe >ame 
pixcniial dilfcrcrxc. The eleciric tlekl dependa on tbe turface cbarge deriMiy. o . To produce ihe- same ¿7. more 
charge ii requíred *tien che arta increaw^ 



24-1 



24*2 (Tiapirr 24 



24.*. tDDmrv: c - . c - — . 

SkT Vv: Whcn ihc capacitor i» connccicd lo dic baticry. caaugh charge fkw* i*»io thc piale* lo make V rf ■ 12.0 V* 

EXECUTO ií. 12,0 V 

h .. a ... .■ LMkiublcd.í"L^[-J-.^J V+ ~ andv?¡*comunt. *oVdouNe*. P>24AV* 

(iil Whea r isdoubted, A rocrraic* by a factor oí 4. l'decrcase* by j factor of 4 and V - 5.0 V . 

EVALUATE: The clcctric fie Id bctwrrn iho pUlei i* £ - <?/e,.4 . Eá . WJvn i* óoubled £ U unchangcd and 

Vifcmblc*. Whend Uincreued by -a factor oí 4. Ctan» b> a factor oí 4 so Vdccrweiby a factor oí 4. 

24.7. bDfnm C ■ ^ . Solve ford. 

d 

rL . ■ i, r 4jA _ « ^*<OX)10m)' ~ ff 

</ C 1,00x10 " w F 

EVAl.CATE: The Ntparattoa bciwccn the pcnn¡c% i* ncariy a factor of 10 tmallrr ihan thc díamete? oía penny, solí 
i* a rtfftonabk approxlmation lo ireal thcm ±* infinite «bcct*< 

24X IV khAM : C ~^T' V ^~ Ed - C ~~J~* 

ÜPl We MI £-1.00*10* N/C wbe* 1' -I00V- 

Wrf -!Sl, l<,0 - IO ' V , l .00. l Q' n „L00cm. 
£ L00x|0*We 

^^ = ,5.00,IQ-FHU O ,IQ' m,_ 5|BxlQj|itt _ w , f .g. 

^ US4*10" C*AN m J ) Kx 
<*> ^,5.00x10 FHlMxitf V^5.00*10'"C^SO&pC 

EVAl.CATE: C - — . Wecould have a larger<¿ aJoag with a largerA and oill acbievt the required Cwiüiout 
d 

e&oeeding the máximum allovtcd £. 
24.9, iDEVtiFY: Apply the resulu oí Example 24.4. C*QJY . 

UP: r - 0.50 moi . £ - 5.00 mm 

W C-i^-< a,80in)2 ^-435xl0-"F. 
Hl/O 10(5.00.^,50) 

Ib) V'-0rC-HO.Ox|O C)A4 55*10 " Fí-2.30 V 

EVAIXAYE: ^ - 24 2 pF . Tnb valué 1* umilar lo thw in Exainple 24.4. The capocitance ii otaemuned eourcly by 

ihc dimemion* ol ihe cylinde n. 
24.10. IdevtifV: Capicliancc dcpcnnlv on tbr gcometry of Ibc objecL 

(a)StTlIf: The capoclUnct oí a cvlindrkal caoocilor b í" - _I_lÍlíl_ Sotvmv 11 (of a.íixíi c ■ r****"' . 

EXKCtiTE: SulHiituting in Üic mimber% for ihc exponent g)ve% 

— 1 — 1 ^0JR2 

3.67 x 10'" F 

Ndw u>c ihifc valúe tocaktilate r* r^i./" - 10^50 ernu* - 0300 ero 

<b)SF.TUP: For any capacitor, fs 0/V and Á ■ 0"- . Corobinrog die« equaiíon* and i ubMituirog üieauntbcr* 

Á*QO.* C\ f /L 
EXEC'HTE: Numérica] 1> we get 

CV 15.67x10 M Fl(l25V) 
L OJ20ro 

Ev AJ.t'ATE: The didance beiwcca Ihe Mirfacet oribe rwocylinders would be aníy 0.050 cm* «iticb b joit 
0.50 mm. The»e cylinden «xndd nave lobecarcrullycootinicteii 



Capacitante and Ütcicclnc* 24-3 



24.11. IdevhfV indSKT l>: U*e roe exproiion for C/L den ved ¡nRumple 24.4 Then Eqi24.l iu> calcúlate f?. 

C Irt 

tCxECTTE: l íom tv\jmpk 24 4. — 

L Inln/rJ 

r 2x|S.S5JxlO i; C'/Nnv) 

— - — i £-6\57*IO" rVm-66pT*'m 

L ro|33rnm/l.Smrn) 

0») C-(6.57*ÍO u F/m){lSm) = IAJ«l(r* , P- 

Q-CV = [lM*lO " F^SOxlO 1 V[ = 6-4« 10 " C = 64pC 

The conductor al hÍ£hcr potcnilal huí the p™tive chorge* *o there ¡* *-64 pC on ihc iiroer coaductor and -(>! pCaa 
(he ítuvr coaductor. 

EVAJ.CATE: C dependa only on ihe dimenttoa* ol tac capacitor, 0 and V ve pn?pi:*iiujia1 

24.12. IDEVHFY: Apply ihe remití oí Example 24 .3. C ■ 0VV . 

SETUP: r. ■ ISOcm . Sol ve for r Á . 



fcxuci TK: ni [<or two concentra: tahcneal thcE)** the tapa; ii-mec i* C - — I — ^— I . ÍCV -*Ci - and 

tí> *<IJ6xlO-"FM0.l3Oai> 
^ ■ * ■ . - O r J ¡5 m . 

W-^ ¿(116x10'" n-OJSQm 
(b> V s 220 V and = <l 16*10° FK220 V)« 2.55x10 " C. 

EvaJXATE: A parailcl píate capacitor wiüi A = 4*r 4 j; = 033 ro'and rf« -j^ «23x10^ oí 

C-Í^=117 pF.inexccLIcni agreemcoi with the valué oí C for Ibe «phcrical capacitor. 
d 



24.13. tufcMlKY: We can me the txíiiutum «í capacitante to und the capacitante oí the capacitor, and thrrt retóle the 
capacitance lo gcomelty lo find the inner radium 
UjSEfUr: By mcdefiniüonof capacitance, C ■ '/V 

EKCimt C-g-"° Xl °r C -l SllxHr- F-15-DpF 
V 2.20* icrv 

Ib) Si:t UP: The capacitance of j sphctital capacitor í* C - 4^* ^ 



ExiiciTE: Sol ve fot and evalúale u*¡ng C - 15.0 pF and ri ■ 4.00 cm. g¡vingr 4 - 3.09 ero. 

fe) Si: t UP: We con ircat roe ¡nner *phere a* a poinl eharge locotcd al iu eenter and u- Coulomb' i law. 

(9XU«I0* Nm'/C'IO^OxIO* Ct 



(00309 m f 

EvaJXATE: Ouuide Ihe capacitor. Ihe eleciric fietd i* /ero becau.se ihe ch-uge* on the ¿phere* are equal in 
tnagnitiidc bul opp04¡te in *jgn* 
24.14. lD£vnFY: lite capacitar* hctwccn b and ¿ are in paralleL Thii eoroninaú^fo U in teriet wiih the 15 pF capuclror 
UK LclC ( =15pF, C=9.0pFand C^llpF. 



EXKCITE: (a)ForcapaciloM in paralleL C M *Q+Ci+"- *o C ;1 -Cj * C ; - 20 pF 

|b> = 15pF U in ierki wiüi C n -2QpF.ForeapocÍtor%Ínieriri, —=—!■— m> — !— and 
q+C u Í5pF<.20pF 

EVAl.t'ATE: Forcapacintr&inparallel ibe cquivalent tapanuner h largcr than any trt the m¿v,. c.jp^.im;-, For 
¿ jpiíilot*. m teríe% ihe cquiv^lcnt i'apacitance i& mujIIct tlun anv oí roe individual capacitor*. 
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¿4.15. lD*:\nK\: Reptare icnc* 4 mi parillcl fummiuiion^ «í capacitor* by ihcir ctHavalcnu* In caen 
appiy ihc rulo Fot Q and V for capacitor* in tcnei and parallck «un wíib Ihc úmpletl nelwork a 



batk 10 thc 



S»:T Up: Do partí U> and lb> topcihcí. The capacitor nctwurk i* dr.iun in Figure 24.15a. 



l' - 28.0 V 



F igure 24.15» 

EXECHTE: Siiaplify ihc circule by rcptacinc ihc capacitar combiiution* by iheir equivalente: < and t\ are in 
teric* and are cquivikni lo C tl (Figure 24.13b). 

■ -|U- _L,± + _L 

llc « c„ c, c, 

Hitar 24.15b 




r > ^ CjLi ^ ü 1- 2.00x lo * f 

C+t\ 4.00x10* F* 4.00x10* F 



C ti and C. are in parullcl and are c<|uivakni (o C, u (Figure 24.15c). 



£•.-£00*10 * Fr4.Ü0* 10* F 



r C^-kOOxIO'F 



Kí|¡urv 24.15c 

CL. and C .are in ictic* mi m^báMI lo C ^Figure 24.1 5d|. 



? ■ 



1 ■ 1 1 



Figure 24J5d 

r r lrifl0xl0*FK4OOx|0 ft F) 

C l¡rt ^ * ^ 1 ü — 1^ 2.40x 10 ft F 

C ni + C 4 6.00x10* F*4.00xl0* F 

The circuí i i* equivalen! lo (he circuit %hown in Figure 24.15c. 

jt °~ l^-V-MJ] V 



i 0 JC i=w ft íl ^^V=(2J0x|0*F)(28.0V) i 67.2/iC 

Figure 24.15c 

Now buíkl back up thc origina] circuía *tepby slep. C 4 a representa C JW and C á in ¿erici {Figure 24J5fK 



—Ib- 1 



Flgmt 24.151 

Qa 6J»pF 
C 4 400 //F 

Note ihai ^ * V.. L - 16.» V+HJ V- 2&0 V. a» it ihould 



CapjciUocc and Dfefcctrio« 24*5 



Ncxt comider Ihc circuit a* wrítito ¡o Figure 24. 1 Sg . 

c n. ■ ".i 




-11.2 Y 



IHan 241511 

Finallv. cotiiUlcr ihc ontunjJ circulL *hown in Figure 24. ¡5h 




Fifturr 24J5h 

Nucí ihai H +li V, which equah V, a* ¡t «buuld 

Sumnwy: Q, ■ 22.4 pC. V, - 5 6 V 
ft»22.4pCV ; =56V 



fl-ft-fl i = 2L4pC 
libarle *¿ime f*tr capaciior* in 

0,224 ^c, 56V 

C 4.00 pF 



24.16. lhiM ji \ : The iwucjpaciltirv 



in «críes. The equivalen! capaciiancc U given hy ■ — + — . 

c -uxl (he potcntiaU atkl (o g¡ve thc notrniu) acrou ihc 



>H M h : I ,'E Cjpaí ;t'.irv jii scriCfc thc charle* ale thc & 
DBtfHKk. 

EXKOJTK: ía) — - — = 1— — + !— — -5J3xlO* F* - C_ a IJtSxHK* F.Thrn 

C C, C, (3.0x10* F> (5.0*10* F) * 

0=VC^-<52.O VxLKSxlO* Fp*9.75xl0 Each capacitor Im chjfje 9.75x10 

<M \í *fi/C< ^ 9.75x10 *Cf$M*lV 4 F^32J V. 

^ -t?'^ *9.75xl0 1 C/SOxIO * F= I9J V . 

EVAI.CATE: V t * \f s - 52.0 V , whích b cqual ir the apptied patcntul V^.Thecapadior wilhihe ¿rnalIcrCbaidic 
hrgerV. 

24.17. lotviiK\: Thc rwo capacitóte ve in paral kl *oine vi>liage ¡* (be ume on eacL andctiuil (0 thc appOcd vohage V 
Si v 11': Do rumia) and (bHoccihcr. The netirork it sketchcd ¡n Figure 24.17. 



IC\i;c t TE: V t mV x mV 
K-SZÜV 



i . — "T "T 

ilgdrt 24.17 

Q t - C 4 V P - (3.00 ^FH52.0 V) = 156 pC. <X = * (5.00 pFHS2.0 V ) ^ 260 pC. 

EvaI.VATE: Ti? pttniji'c ihc %jme potenilal diflcrcntc. thc capantut with (he ¡arcén Cha* Üie laieet 



24-* (luiptrr 24 



24 js. lotvnrV: Fi* capacitorv ¡n ruiallcl ilte vritagc* are thc »ame and thc chaire* add h F*w c ana* iioiv ln *cric*. thc 
charget are :l ■. lame and thc vnlug es add. C « g/V * 

SKT VPz C, and C. are ¡a panillcl and C ¡* ¡o serie* with thc paralkl combinación of C t and C : , 
EXECUTE: (a) C A and C ate in paraJIcl and so ha%-c tbc wmc potcnüal aerntt tbcm: 

V t «1£ ^ ^ » p * 1 3 33 v ■ Therefoce. Q t Y t C t *<13J3 V)(3.fl0xl0* Fl-RO.0xi0* C.Since Q ¡* 

Ln icrie* witb ibc pamllcl comninalion of C t and C. , ¡ts. charle mu»l be cqual lo their combíned cbarge; 
C «40.0x10 * C*80.0x 10* C- 1 20,0» 10* C. 

ih) The total capaciunce i* found from — - — * — * !— — + ! — — und C - 3.21 /rF . 



C M "c,. *í\ "fcflOxIO* F* 5.00x10 * F 



A .um»id;c^ 4V 



EVALUA» y a.I2tt0xltt^C y 

C, 5.00x10 F ** 4 

24,19. iDEvnFV and Ser Vtz t Tve tbc ruk* for Vfor capacitor» in wno and paralkl. for capacitor» in paralkl Ibc voltaje* 
are the same and for capacitor^ Ln ¿cric* tbc voltajes add. 
ExmiYE; l' ( =fl/r i -(l5O < íiC)í(3.00^F)=5O V 

C, and C are ¡o paralkL *o V ; - 50 V 
^■120 V-^«7ÜV 

EVAl.líATR: Nw (hit «e koow the volugcs . wc could also calcúlate 0 for Ibe Dthcr l*o capacitor** 
Idevtifv and S»;r IJp: C - — . For two capacitor» in seríes. — 



EXEttiTE: C -í'r_Í_l »| JÍl+JÍlI * t tKéi. c^ttax ih t i tbe combined capaciunce for lwo 

capacitor» in serie» U thc »ame ¿» that Tora capacitor of arca A and separatíon id t +d¡). 
EvaIX'ATE: 1* *malkr iban eilber C ( or C i ~ 

24.2). iDEVnrv andSKTUr: C - — . For xvo capacitor» in paralkl C =C t +C a - 

EXECUTB: ■ Q + d ■ * » ^^tf ^ - s " 1 - ■ !ÍT »hined capaciunce for i«xi capaciiori in juralle] U 

that of a tingle capacitor «itthcir cimiNncd área \A -f A.t and common píate leparatíon d. 
EVALUAIS! C^i* laigcrüianeither C t orCj. 
24,22. Ioíiviut: Simpllív the neiwork by replacing serie» and purallcl comhinalion* of capacitor^ b\ h their ct|uiTOlenU, 
X'V* I^ir capavitni^ in *cí)c* tbc voltafe^ aikl and the chaleco are thv uirjf* ■ — + — For capacitors 

Ln paral leí the vokage»are ihe vjme and the charge* add: C aft "C¡+C«+-" < ^ 

EXECtiTE: (tt) Tbe ei|üivaknt capaciunce of tbe 5*0 and £J)/íF capacitor» in parallel U I3X) :jí Wben iheie 

ti*o capacitor» are rt|4aced b\ h their equivaleni we get the network ^ketched Ln FLgtire 24,22, The equivalen! 
Lapaounce oí ihe»e ibree ca|iaci*or» in sene» u 3.47 /rF. 

Ib> r? M » C„V - (3.47 /rFKM.O V) - 174 

t<) is the »ame a» (í for eachof the capacitor* in the *cr¡c* combtnalion shown Ln Figure 24,22, so Q for eachof 
ihe capacitor» is 174 ¿X?. 

EVALUATSt The voltage»acrosseach capacitor in Figure 24 22 are V„ 174 V. V (i «®i^l3^ V and 

Vi»&.«l9J V - ♦ V 4 , 1- V» - 174 V 1-13.4 Vt 19.3 V- 50.1 V , The »urn of tbe volugei equaU the applied 
viJtagc, apart from a »mall difference due lo rounding. 



Pbm 24,22 



Capacitante and Dfckctricn 24-7 



24.23. iDEvnrV: Rcfer lo Figura 24J0b in ihr lextboofc. Fbr capacitor* in paralleL -C, +<7j+-\ For capacitor* ¡n 

l I 1 

«•fie*, + +— 

c„ c, c, 

SKT I r; The 1 I /jF , 4 and reptacetncot capacitor are in pjraUrl and ihii tombinaliixi U m «crie* wilh the 
9X1 ¿iF capacitor. 

BXECim — - — ! — - ! *■ — ! — I. OSt xíuF=72uF and .t-S7iíF. 

B.O/iF \tn+4A + x>f*F 9.0a#fJ 

EVAJ.t'AYE: j-Mni* the c^pacilance ni the onc capacito' by a larec anti^tnt tríate* a *mal) mércate in the 

equivalen! capacitante oí the nelwork 

24.24. loEVnFY: Apply C ■ QíV . C ■ — . The work done lo ooublc ihc ¿eparalloa equaU the chance in the Mored 



ÜP: £/ = ¿CV J =— . 

2 2C 

(»> V = g/C ^ (2.55 pCí/i920* F> ^ 2770 V 

(b> í — vjvs ihn lince thecharge i* kept cootianl while ihe seporalion doublev thai mean* thal che capacitante 
m 

halve* and the voliage dnuMe* lo 5540 V. 



fcl 



tf=ÍL=íl**lííL_£L= 3.53*10 "* J .Whcniflbe*eparation i* douWed whüc 0 *lav* ihe «ame.the 
2C 2i92U«10 1J F> 

capacitante ruive*. and ibe encrgy stored doublc*. So the amounf of tv«rk ckrne lo nwivc (he piale* equaU the 
diffcrence Ln cncrey *torcd in ibe capacitor, which i* 3^3 * 10' * J* 

EVAJ.tATE: The onpo*iicly cbarged pialen itiraci cach other and po«¡iivc wi*k muM be done by an external Totee 
pulí ihem farther apart. 

24.25. EDDfim and SKTUr: The rncrgy denuiy ht pven by Eq.<24.l \): u -j+E*. U*e V - Ed toxolveforE 

ExmiTK: Calcúlate E:E - — -100x10* V/ni. 

<f 5.00*10 "m 

TheD«^^f ! ^;(8.H54xlO tí C J /N m'^SM-lO* Vhmf -OJQUJlW 

EyaJA'AYE: £b*jnallcr than the valtiein Example 24<Hhy ab™t a factor of6 *o» i* *nul)cr by aboui a factor of 

24.2*. iDCvnFV: C>¿.C-~* 1 - Ed . The tfored energy i* IQV . 
Vn ^^IJOxlO'm. 1/jC^|0*C 

<b f c-Ü.. jt .oi.O.«>xi<r"g^oxi^«> d1S2m , 

^ S.gSixlO 1 ' C'HN'm'i 
(cH'-£J = <3.0»f ICT WmHl.5fl*10 ' m)-d,5*l0" V 
id) Ener B y = íeV i |l00180«IO*CK200V) i l.SO-10 * J s |.«)/fJ 

EVALUA YS2 Wc could aJio calcúlate the ititrrd enerey n ¿- ' (l0lJtfltfU> ■ I su ¡ ; i . 
24.27. loEvnrV: The rncrgy Morcd in a chareed capacitor b iCV J * 



UP: I 10 r 
Exmm ^CV J = if450x 10 * F)(295 V? = 19.6 J 

EVAl.t'ATE: Thetmal energy U gcncriltd in ihc wire at Ihe rale Í H . whenr / i*, tbc cutTrnt in the wiir. Whrn the 
c Mnotoí di^chareet there i% a tlow of charge that eoneKponds lo curreni Ln the wire. 
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24.28. iDEVnrV: Aflcr Ihc iw« capacitor* are ctinnectcd ihcy musí nave equal pote ni ¡al difícrviKc. and Ihcír combine d 
citar ce minl add up to ihc mema! charco. 



SKT UP: C - g/T The *t**cd atagy ÍCV J 

EXZOITO (a> Q-CV V 

h t li íl . í: ,i .iImw^ M > ^> rv 6 . C, »C and C,»£ 

2 ft >0 2 

tt--0 and r - — ^ — — - —V. . 
V * 3* C 3C 3 * 



and n.ífl 



».>ífl J t ft l l-ií« i «* , + * í «*'l. | C > - I cv i 



: c 



C I 3 C 3 



<d) The original VvrdtU - ICVJ . sao Aü ■ Cltf - 

6 

<*) Thermal cnergy ol capacitor, wíres, elc.< and elcctramagnctic radiarían. 

EvammTE: The original charge of the cbarged capacitor musí disiribute betwecn ihc ira capacitor* la ñutía ihe 
putential ihc same acrotu each capacitor. The voliagc Vtor each aítcr ihey are conncctcd is le» iban the original 
votiage l*.»! the charccd capacitor. 

24.29. Idevtify andSKTUr: Combine Uv i 24 .9 i .mJ i 24 2| :i> writc Ihe tfored energ) m térros oí ihc scpuralion 
bccneen ihc piales. 

EXKí-LYE: U> U - C - — so U - 

2C * 2trf 



[b> í-tAirfrgiwjí/- 



íci 



id) EVAlt'ATE: The capacitor piale* and ihe ficld betwen ihe píalo are *hown ín Figure 24.29a. 

+ + * " fr <- E- — - — 



t isurc 24.29a 



The reason f«f (he difterence :* that £ is ihe lie Id duc lo hnih piales, li »v consider Ihe poüiive piale onJy and 
calcúlale üs eleclric fiekl u*ing Caus*'* üiw (Figure 24.29b): 




flnuc 24.29b 



The forcé Ibis fíeld e** an ihc other piale. Uuc has crurge (), u F - 

24.30. iDENtlFY: C . "í:il stored cnergy can be exprc**cd eilber as or as — - — , whichever i* 

for Ibe calculalion. 

SktUPt Since 4 ii habed, Cdoubfes. 

RXIXLTE: (a) tr Ihe separaron disiancc i\ halved while ihe charge v* kepl fixed, then ihe capacitance increates and 
ihe siared enetgy. wbich was 8.3S J, decreases mikc V —Q *2C. Thereforc the new energy ¡s4J9 J. 
4b) II the volUee Ls kepl llxcd wbilc ihc tcpara(¡»n es decreased by ane hall*, ihcn Ihc doublm¡? itf the c 
leads lo a doubling uíthc siored ener^y io I6.K J, t»íng V -CV J Í2* when V ¡* hcld constant ihruofhoul. 



Capacitante and Dfefcctrioi 24*9 



EVAl.l'ATE: Whcn thc capacitor : ■- dbconnecicd. ihc %iored e ncrgy dccrca>c* hecautc of ihc posilive work done by 
thc atiractive forte between thc píate*. \\ hcn ihc capacitor re rruin&connci rlcd io ihe batlcry. {J-tVielhu* thit thc 

¿hatee on (he píate* incrcatev Thc ¡ncre&tcd ilorcd cncrev come* from tbc batterv whcn it puu more charec onio thc 



2431. iDEvnrvindStrrUr: ry-jCT 1 . 

ExmriE; (a) 0«rv sj5.0 jjFKI.5 V)-7.SuC. ü = iCV' =¿(5.0 j/FkI.5 V) J = 5.62 «J 



U U *$CV* =$C{QtCY -<? Í2C * Q- -JlCU = j2<5.0xl0 4 F)|IX>J> = 3.2*10 

.■g. uii °; c . M v. 

C 5.0x10 F 
EVALUAR! Thc Mored encrey ii propon ¡onal to Q and to V' . 

2UL IDEVÜFV: Thclw0capac¡tor*«¡n*er¡e*. _L^-L+-L+ ■ C . [/--ICV 1 . 

St i IT: i ■: capacitor* in *cr¡c* the volugc* odd and thc charcev are tbc ¿arrie. 

I I I CC (150oF)(120nF> „ 

EXKCLTK: (a) =— + — «» C ^ — i-J_=: ^66.7nF. 

C c i c t ^i+^t 150oF*l20nF 

0 = ÉT = <66>7 nF>i36 V> = 2.4xl0* C=2,4 /jC 
<b> y - 2.4 t<C íor each capacitor. 
UK/=|C^V í =¿(W.7xl0 w FK36V} i =432 < íiJ 
d -A. I , ,. Mr each capacitor Kircwriie 0 in lerm* oí the*e quaniiliei. f/^-fCV 1 -^CiQtCr -Q s Í2C 

2ílS0*l0 * F) 2C 120 Mili" F) 

Note ihai 19.2 í/J * 24,0 /iJ ■ 43.2 ut , thc toul Mored cnergy calcúlate*! Ln parí <c >. 

W l Mn P=V-£-"' f "C C - l 6V : l2 P ,F y -g-" 1 "°l C -aDV 
C 1S0*10*F C 120xl0*F 

Nitte ihal Üic»? hvo yoltagc* «um lo 36 V. ihc vollagc applKxl acroxi ihc network. 

EVAl.tATE: Since Q U Ibe unie the capacitor i*ith «rrudler C tforc* more coergy < U =gV2C ) and ha* a lurgcr 

2433. Iiumim: : ta i RVOfdttlM in porallel C^»C,+r,. C¿^. ¿/ «^CY 1 . 

Sm l i- For capacitor* in parallcl. ihc vohage* are thc sime and thc charec* add. 

ExKcrüTK: <»)C^=C | + C J = 35nFt75nF = ll0nF.p MÍ C i ,V=(ll0xl0 , 'FK220V) = 24.2 < íiC 

(ti) V-220 V for each capacitor. 

35 nF; Q A =C W V = 135* 10^ FK220 V) = 7.7 pC : 75 nF: ft, *C n V »(75xlO^ F>l220 16 S .Noic Ém 

< c > ü - -T C J' ; - AiIlO* ID'* FH220 Vr -166mJ 
<i 35 nF; i7„ = AC^ = lOSiclff 4 FX220 V) a = 0.ft5 mJ ; 

75 nF: ü„ -AC^' =A(75j- 10 * FX220 Vl ; - 1.81 mJ Siocc V» thc »amc rbe cjpjcitoc with brgcrC 



it) 220 V fot cach capacitor. 

EVAI.CATE: Thc capacitor uith ihc kt$et C ha» tbe larger {' 
24.34. lDtMU\: Capjcllancc depcad* on thc geometry of Ihc nbject. 

<a) SerlTP: Thc rM>tcmialdiffcrcn»bcl«ccn thc core and tuhe L* V UU'/i ). Solving f orine linear c\ut$e 

EOCimt Uiing thc pven nlan gívw x = r __ « 6.53x 10 * fr Okn 



2(9O0x|0 h 'N*m í >C 1 |lD^ 
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IbtSfcTlTP: Q-XL 

EXECTYE: Q-\bSl*W n C/m)iOJ50 mi = 2.29* 10 " C 
<c>SCTUP: Tbe deñmtionof capacitante i* C -QfV . 

EXECIiIE: r,MhK , C. 1M , nH ,. 
fcOQ V 

(d> Snr TJP: The cnergv *iured ¡n a capacitor í» i/ i ^CV*. 
EXEcriK: 0-4041x17* TwbXñ V> J ^6.aS*HK lú J 

EyaI.CATE: The viored encrgy could be cittweried lo beat oe olher forni*of encrgy . 

24.35. iDEvnrv: U=%QV .SdvtteQ. C-QÍV. 

SKT ITp: Exaraplc 24.4 *how* ilwt for a cylindrical capacito! — - . 

¿ »l>A> 

EXEC.K: W g = igV> tf», e ' " - ■-«>■■»• C. 

<b) ^ . ^-exrt2^t^l-eip<2T4 l LW)-exp<2,7« l ll5.l>in)|d.0() V)/<l.60*10 ' CH-B.05 

£ fcHji/O r. 

The rjdiut oí ibe putee conductor U K.05 time* ihe radiu* of ihe inoer cttaductor 

EvaIA'ATE: When tbe ratio i¡ /j^ incntttf*. CtL decrca^c* and leu charle i* stored for a given potencial 

di ífcrcncc- 

24.36. lotivnm Applv Ea{24. I l >. 



SrT ITp: EXaraplc 24 3 «howi that E - — ^— beiween ihe conduciing «belU and dial 



4.w.r 4-tc 



I U ^_f|OJ25m||0J4«m|U2OV W 



V^" r -7^ l ai4*m-0.l25m / r* a* 
WFar /-OJ26m. £-60S*IO* V/m ft : 4 / JM^lo j ni 
tb>For r-0.147 m . f ¿ 447 * ID 1 VA*, u-y*^ -845*10 * J/m\ 

Y\ AJA ATE: <ci No. the rc*ujt> of parte la) and ib) show thai tbe encrgy demiiy i* nol uniform in die región becwee 
ihe platea £ decreasc* a»» r incrcaiev **» tf dccrca%c* abo 

24.37. lotvnFY: t-'*c ihe tules for *efie* and for pumllel capacitor* lo exprés* (he voluge for each capacitor in (erro* of 
ihe jpplied voluge. Expre&i V. Q t and E ¡n icrmi of the capacitor volug e. 

SKT l'P: I-e (he appJicd voluge be V. Leí each capacitor have capaciunce CU- 7 £V" for a «ingle capacitor with 
voruge V. 

Exmaite: (a) neta 

Voluge acros* each capacitor U 172. Tbe iota! encrgy tfored U l\ m 2{i<~\Vf2\ ') - T f"l' J 
Voluge mmm each capacitor U V. Tbe lolal energy %tored U ¿/, =2(^Cf') = rV ? 

<b) P-O' for a «ngle capaeilor wiib voluge V. g = 2(qV/2|)-CV; ft-2|CVi-2CV; Q r -20 
<c> £ - Vfd for a capacitor with voluge K £ É ■ V/2rf : i; ■ Wrf; E f ■ 2£. 

E\ AJ.t: ATE: The parallcl ^ivtiblrution store* more energy and more crurge vlnce the votiage for each capacitor b 
larger for puralleL Mitre energy siored and larger voluge for patallel meant Larger electric field tn the patallel cisc. 

24.38. IM-NT1FY: V - Ed and C-QtV * With the dielecirk pre^enU C'JCC é - 
Si:r l>: V -LJ hoíds boih wiib and without the dielecuic. 
EXECUTK: (a> V-£tf- 13.00*10* VAnHI .50*10 1 mi -45.0 V. 
B-^V-ftOOxHT* 1 F«4S.0V) = 2.25xl0 ,o C. 

tb)WÍÜi thediekctric. í*- AfC t ¿<2 + 70h5.00 pFi - 13.5 pF. Vl% OÍ1I45.0 V, 10 
e^CV^íUJxlO' 1 FHi5.0Vu6.0H W lO ,o C- 

EvaI.í'ATE: The presence of ihe dielectric increate» ibe amo uní of nharge that can be vtored for a given pc«ent¡al 
difference and eleciric field betwecn the plato. Q inctea»es bv a factor of K. 
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24 31. Ipfcvrm hmISEIUPs (> i* cotiMuni *o w^n appty Bq.<24J4|>ThechargedeaijlY oa each Mirface of Ihe 
dielectric i* pveo by Eq<j24J6>* 

K E UOxIO^ VAn 

íi r./; t -xsni ■ io ; C /N m hJ 20*10 N.'t » - 2*33*10" QnV 

ff, «11833*10* C/m'Hl-IMJaí* 6.20* 10 7 C/m* 
ih) A% . : .ícd above* Jt = L21 

EVALUATE: The Mirfacc churge* on thc dielectric produce un clrcirk fickl thai puiiially t arncU thc decirte tlckl 
produced by thc churge* im ihe capucaur pfatei. 

24.40. IdeMifY: Capaciiunce dependh oo gcoiwtry. and thc ¡iun*iucüon oí ¿ dielectric ¡tue^t thc capatiUDCc. 
Se? UP: R»r a paral leí piule capacitor. C - A\d/rf. 

Kxnc < tk; (a) Sotving tor gíve* 

C 1.0x10* F 

Dtviding dita re*ult bv the thícfcnc» of a iheci otpiper give* 1 .64 mm ^ ^ ..j..^,. , 

0.20 mmfaheci 

m . , „ , „ „ . Cd íl.OxlO* Fjí.0.012 m) 
ib] Schvíbb íor ibr jicj «í the platas gres n a — -0.45 m . 

K* t <3.0MB\K5*10 u C/N-ra 1 ) 
(c> Tcflon ha* 4 tmalfcr dielectric comunt (2.1 i than thc po>tcrboard. w *he wíll need more jiai toachicvc thc vimr 
capacilanoc. 

EVAl.t'ATE: Thc use of dklccirU. makc» it pcu&tblc ta conttrucl rcatonabJc *ucd capacitor* «ince the dielectric 
incrca^e* ihe capacii anee by a facior of K. 

24.41. lotvnrv and $Ef Un a paral Le) -piale capacitor i*itb u dielectric «ecu ute the cquutHm € -K^Atd. 

Mínimum A memt *malkM pouibk ¿f. di\ Limited by tbc repulí cmcni Üu* £ be lc*i (Kin LóOxlO 1 VAn *hen Vi* 
a» Urge a* 550» V. 

EXECUTE: V = £,J*orf=íl = 5500V ^^44*10^ m 

£ 1.00*10 V/m 

_ Crf (1.25*10^ F«J44xl0^ mi #lrtt „ 

Un ^- = ^0.0IJ5rn\ 

A't, <J60M8.K54*10 B CT/H m i 

EVAl.tATE: Thcrcbtion V'^ Üjpphc^ uithor wiihiHil a dickvtriv- pfr*cnt. A woukl nave (o be Urgcr ¡f ihere wcre 
no dieleclric. 

24.42. lOEVtlFY and Sti Vn Adapi the demaUtn ai Cq,<24, 1 ) lo thc Miuatkm where a dielecinc i» prenmL 
EXKC'ÜTE: Placlng a tbclcctnc bctwcen Ihc pEate% ju*l resulta in the replaeemenl of * f«t ^.in Ihe detivabon oí 
Hquatkin (24.2l)KOoecanfolloweaactly the pmcedure ;« showalur tk|t*nion <24. 1 h. 

EVAl.t'ATE: The píeteme oí ihe dielectric inereate» Ibe enetgy deotiiy Tor a givcn electríc field. 

24.43. lDt\nt\: Thc pcrmitbviiy «oía material i> rctalcd lo ¡ti. dieleciric cootuni by € = X^,. The nu\ímum voltagc U 

ivlaied (o tbc máximum pm^lbic electríc tield befoce- dídedric breakdown by V m - E rin d . E . where 

<tU Ihe Mirface charge derikity on eacbptate. The induced \utface charge dcotíty on the «urface of ihe dielectric b 
¿ívcnby <x t -crtl-l/ATK 

SKT II" Frttrn Table 24.2, íor polyttyrene K ■ 2.6 and the dielectric Mrcnglh 1 máximum alkrAvd eiectríc licld> í* 

2kI0' V.'m. 

EXKCXTE: <a) c- A\ ^2.6)^ = 23*10 " C í /N*id í 
<h) *L. (2.0x1o 1 V/mX2.0*l0 'mj = dAl*l0* V 

<c P — and <7 = *£ = 12.3*10"* f^/N m J H2.0* 10' V/rol -0.46*10 * C7m' 
cr ^crJ|-l.J = <0.46*tO *C/ni , )|l- 1/2.6) = 2J*I0^ CM\ 

EvaIXATE: Thc ncl «urface charge dcn^ity i% <r^ -<7-a =1.8*10 * Oro" and thc eleciñe tlckl 
w £=er,yv 
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24.44. iDDnw: C-QW . C = KC a . V~Ed . 
SKT l.Tp: TaWc 24. 1 givc* JT ■ XI for myhr. 

EXECTTE: <») Ap^e-ft^<X-l)e fr ^<*-l)C o i; = (2JH2.Sym 1 FKl2V^6.J» í |0*C. 
<b> oi-od-l/Af) so Q - t><l -l/ff) = <9.3xl0 * C)ll-l/3.l> = 6.3*10 * C . 

<c)Theaddiiton oí thc m) lar doc*n i a/feet the clcctric fíeld vincc ibe ¡oduccd charge cancel* the udditional charee 
drawn lo Ihc reates. 

EVALUATE: £ ■ Vid and V ii can^iunt *o £ doevn'l change wben thc diekctríc ta íiutcrlcd. 

24.45. \aí Ijhimiiv «ind StTlIP: Sincc thc capacitor rcmaia* connected to thc powcr *uprdy thc pittcntial dilfcrerjce 
doc»n'l chañe, e when thc dickttric ta ímerlcd. Use Eq424.9>ioca1culate V r and combine it w¡thEü..04J2Hoob4a¡n d 
relaiton bctwccn the *lorcd encreje* and ihe dielcctric ccattant and u*e thi* to calcúlale K 

f2n~ kll.&SvlO* Jl 

EXECUTga Bclorc ihc diekcüic ¡* ¡merted Í/ 0 =¿CVV J íoV- — -"J-* = — i = 10,1 V 

* * l/r f V 360*10 *F 

<b> a>ctc # 

K ^V 1.85*10 * J + 2J2xlO* J 
"í/7 1.85*10 ^ J 

EvaJXATE: A' incrca*c* the capuciiancc and then from V -C\ , wíth Vcoattiniin increate in < *gh í . an 
■ i ' ■- i i' lI ■ ¡o i/. 

24.46. iDEVnFV: C-ffC,. C=g/V. V-£rf . 

Si r rp: Since the capacitor rcntain* connected to ihc battery the potential bcrwecn thc platea of the capacitor 
doc*n*l change. 

EXíXVTE: <¡i)The capacitante chance* b> a factor K when ihe dic lectric ta in verted. Since Vi.* unchanecd tlhc 
battery ta Mili connected), C ** m - ^ = 45J)pC - - I ¡so 

fb)Thc arcaof the piale* ta ;rr J - Ti0.0.U)0mr - 2S27* 10 m" and Ihc *cparation bctween thcm i* thu* 

C 115*10 "F ¿ V 
«1V-»L- <J";'0;"CMM0m|Q m) jynftV t^^^, . 

dilfcrcncc unchan^cd altci* thc dielectric irticned. 

O 25.0*10 ° C 

ÍOBcforcthcüKlecthcUiriieftíd, E^ — ^ , 10(10 NIC 

4^A (US^IO'" f C'/N m J K2S27i-l(l * m i 

Again. smc thc volugt ii unchanced after ihc diclcctric i* in&crtcd. thc eleeirk fickl i* alio unchanjed. 
V 2JX) V 

E VALIATE: £ - — - lüODNX*. whcihcr iw mx thc dirkork i* prrscm. Thi* aírve* wiih Ihc rruilt 

d 200xJ0 ai 

Ln parMO. Tbc clcclric fíekl ha* thii valué at any potnl bciwccn thc piales. Wr nceád lo calcúlale £becauKc Vi* thc 
pixcnua! diffcretxc bnu^cen poinu wpamtcd hx di*tance rf. 

24.47. iPEvnFY: C - ífC 0 . U - 

S»;r Up: f\ -1!5/;F i* thc valtir olÜKcafiacitancc^iihuri thediekctrkpreient. 

EXECtiTE: (ti) With the didertiic C ■ < V75k 1 2 S /íF) ■ 46.9 j/F . 

beforeí ü - ¿Q' ' - it 1 2.5 x 10 * Fh24.0 V) j - 3^0 nü 

aíier; U -^ÍV' =406.9*10 * FM24.0 Vi' - 13.S nü 

ib) AU - 13.5 nü - 3.6 mJ = 9.9 mJ . Thc cnerg y incrca*td* 

EvaJ.CATE: Thc pottvr >upply mu*t pul addltionaJ charge *m ihc pltfr* to nuiniain tbc tarnr potcntial diftcrcncc 
whcrt ihc diclcciric ta mi verted. V ~iQV * *o the «lored cnergy incrca*ev 
24.4S. Ii*K\nt\: Ckiws* t law in dieléctrica ha» Ibc *ame torm ai in vacuum exeept Ihai the eteciric lie Id \% muliiptied by a 
of K and the chance enclo*ed h\ the C¡au*v¡an turface i* the free charee. The capacilonce ni on obicci dependa 



I a) Surtir: The capaciloiKe of a paralkl piale capacitor ta C - K<Aíd and the chame txi iu niales i* Q ~ C\ f < 
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FdM luid Ihc capacitante: 



c _ *yi qiK&S5ttlO ' J CVN ic/KO.0225 m J ) f p 
d " 1.1X1*10 m 

Nm find thc cturge on thc piale*: ff-CT -<4Jg w 10 FHllO V|* 5*2*10'* C. 
|b) Su W". Quu'i Uw -ftiihin ibc dieleclñc givc* ffffl ■ ft^/*,. 
EXEClffK: Sojving foc£g¡vc* 

£ = S.02.1Q-C . -.I.ZO.IO'NÍC 

KM, : . h . i (P225 ra *XS.H5*I0 CW m J ) 

í I Stl IT: Witbout Ihc Tí fltw and Ihc voltage ^nc. ihc chaire i* uncbanged bul ihc potcntial 
1 - .r. 1 and Caín*'* bn now give» .' 1 . (Vv 
FtfM find ihc 



-.i. 



I 00*10 oí 

O 5.02*10 * C 

Thc prtcniialdjfícrvntc ii V -25.2 V. From fiau.-^* law.thc de ttric IWIdi* 

C 1.99*10 F 

£= f ";- 10 ', 0 ^l.SL.O" NIC. 

<,A IS.R5* 10'" C7N m M0.0225 oV) 

EVAl.t'ATE: Thc diclcttrk reducen ihc clccirk* fickl tnnde ihc capacitor betaute ihc ckvtik fidd óuc lo thc dipnlc* 
of iht diclccihc i* oppovilc loihc cilcmal fictd duc lo ihc frec chatre oti ihc pialen 
24.49. iDEVnFY: Apply Eq,<24,23i tocaJctibie £ V = Wad C ■ (W apply whclhcr Ihere b a chclcciríc 
piale* or nal 

<■) SETlTr: Apply Eo..|24.23> lo thc da*hcd *uríacc ín Figure 24.49: 

A J Execuik ÍKÉ dA - 



ra 



I isurc 24.49 

* «a* 



ík 



E dÁ - KKA 



iiotc £ ■ 0 uuuidr the piales 



Q 



t .A/í 



EyaM'ATE: Our tCMilt >how* ihat Af -C/Q, *tiích U Eq.(24.12). 
M.50. lüEVtiFY: C-fl/F. V=£tf . *CK J . 

SKTtTP: Wlth thc haucry dUcitonrckd (> Ucttmuni. Whcnlhe ^araikm^i*ck)ubled*ri*halYed. 

<b) 0 = ÉT = <4.S*IO" FMI2 V)-0.58*I0 J 'C 

M J?*Htf-03 VMMtfHF 4 ra) = 2550 Vím 

id) V m^CY* =|<4.8*10 " FM12 V)* -346*10^ J 

<*) If thc balfcrr>' i* driconocctcd. *o Ihc chjtfgc rcmaim ci^tlaot. and thc piale* are pulkd furthet apart m(M!CP94 nx then 
íbove cao be camed oul jutiaiberorr, aodn« riml; la) C -2.41*10 F ibl 0-0.58*10 *C 



^£=2550 V/b H^^nftlHiri 
' 2C 2(2.41 - 10 1 F) 



EVAl.t'ATE: O U undiiBSBiL E — í_m* £U unchanecd. U duubk» because Cii halvcd. Thc 

c A 



cnc(t*y cume* from ihc i*nrk dtme bv ihc íixvc thai putlcd Ihc ptatcs apart. 



24-14 < tujiM :4 



24.51. IdevtifV andSET Un If ihc car^ctfixrcmainscofmecKdlolhe bulen, ihc bulen * kcer* (he r^niial difiere ncc 
bciwecn (he piale* comuni bychangíng (he cbargc on (he - 

EXECITTE: ( H )C-^ 

<n>ItemaÍnscon*cvicdioirtt baticry *ay**al Ptfvyi 12 V. fi-CP*<24xHr" F)fl2 V) -2.9*10 C 

<cr — - — — -UxIO 1 Vtm 

d 9.4*10 m 

iú\ V -iQV-^lüxW" C)(l2.0V)-1.7xl<r* J 

Evai.Cate: Incrcasini; (he *cparab»a dccreaics C. With l'cocnlam* this racans (huí (>dccrca*es and f/dccreajc*. 
Q decrcaa:* and £ ■ Qí^A **i£ decreasev Wc come lo (he same conclusión ín>m E = Vtd. 

24.52. iDEVtlFY: C-KC = JT* — , V = £rf for a pirallcl (dale capacitor; thii equalim u|xriiei whclhcr ce not a dicketric 

SETUP: ¿-I.DcnV -1.0x10 * pi j . 

W C-W l "* l> "" fc S Jb " ir4 ^-i.il^ P°°°'- 
7.5*10* m 

WE-l- B ; ■I.B,ltfYh. 
X 7J*10'm 

EVAI.CATE: The díclectric malcría! inervase* (he capacitante. If Ihe dielcclric wcre chh prcsenU Ihe vime cbarge 
dcn*ity on (he face*, of (he membrane iftould produce a Urgcr potcntiaJ dilTcrcncc ucrou (he membrane* 

24.53. lofc\m\: P- FM , wbcre £ iitbe total ligbt energ y outpui. The e nergy *tt»red ¡n tbc capacitor ii V ■ 4CP > . 
SKVttt £-0.«L' 

EXKCUTE: (u)Thc powcr uuiput i* 600 W. and 9V¿ oí thc original cncrgy ii con verted, «o 

E-ft-^.TQxlO* W>|l.4BxlO S)-4I)0 J £,^^¿-4211 

<b> g-jCV'- 2(421l i-D.B4F. 

F J 4125 VI 1 

E valíate: For a given V. thc «lortd encrgy inerva*** lincarly wiih C. 

24.54. iDEVnn : C - ^1 

Sef t r: A~4.2*I0 4 m'. Thc origina) separatton bc(ween (he pUtes ii J - 0.71X1 10 m . Ls ihe separaron 
hctwecn thc piales al thc ncw valué of C. 

EXKCtTE: Q«— ■^ M>Xl ° J 8 ^■5.31xlQ" t> F. Thc ncw valúe of Ci* C'G * 0.25 pF = 7.81 x IÜf lk F. 
d 7.00x10"* m 

Bul C-— .so íf — ' 1 " [ ' — *° l4> - 4,76 x lO^m . ThcreFore ihe kev mu*i be dtprrs*ed by adblance of 
TOO* 10^ m-4. 76* 10^ m -0.224 nwi . 

EVAl.CATE: When thc key í&depreued. (Vdecreasci and C incivasei. 

24.55. loKvm'V: txampk 24.4 shows that C - -ifí^-far a cytindncaJ capacitor 

L T P: ln(J t l 1 ■ 1 i^K'n i b %rrull Tbe arca oí each conductor ü appmxitnately A ■ 2xr L. 

(ti) C- 2 — = J ■ S ^ Qil. 

ItX /í: > ln< írf * r 4 );V, ) I* J + rf/F.) 

EvaIX'ATE: <hl Al (he *cale of pait la) ihe cylínderv appcar to be rtau and so ihe capaeilance thoukl appcarüke tbai 
of fl al piale». 

£4.56. iDEvnrV: Inilially the capxilon are connected in parallel 1*1 the souree and we can calcúlale thc cbafgei Q l and 
Q.oncicfc* Añer Üiey are reconoected toeach Dther the lotal cturge b Q -Q¡-Q t . V ~^CV l ■ 



SKT ijp: AftcT thc> h are reconnecied. (he charles add and (he voltuges are (he same, so €7, - C, » C. . a* for 
; jf>i¿"itctrv in paral leí 
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EXECIllSa Origiiully fi-Ctf -<9.0/íFH2SV)- 2.52x10^0 and Q t «CiVj =<4.0/íFk2B Vj- 1.12x10"* C. 

r. i r. nitjir n¡i imIimwij *ioredú u~$cjt* -4010x10* f»28 vi 1 -5,10»- 10 * j . 

Discoaneci jjk! ílm ihc capuciturs* «>ixm thc total char ge is Q-Q* -O, - 1.4* IO~*Cand the equivalen! 



i> *tiílthL' 



( f, -LKii/l TTir nov f ncrg> Morcdi» V " m i ¡ ji ] 7 M J|1 ' J -TVchangein 

eoergy ¡s ÁU = 7.45- 10 * J -5.10*10 * J = -4.35*10 ' J . 

EvaIX'ATE: Whcn thcy ait reccrtneclcd* cbarge tlciws and thcrnul cncrgy b ccncraicd and cncrgv it radiaicd as 
elec tncn-if ntiK wjvet. 

W.57. ipfcvnFY: Simplily the oeiwork by rcplacing serie» and parallel combinaiiim* by their equivalen** The sinrcd 

i* £/ = -lCV\ 



SeT Vpz F*»r capac ilors in *cr¡e*ihc vohage* jdd and ihe charges are thc ume; ■ — + — +■*■■ For capacitor* 



in parallel thc voJtagc* are Ibe 



jnd uc cbarges add: C m • C t + £**+— . Ü-^CV'. 



EXEtTYE: (a) Find C míi for Ibe nctwork by rcplacing eucb tenes or parallel comlnnaiion by ¡ts equivalen!* Tbe 
iuccewtive umptiñed circuits are shown ¡n Figure 24.57a c, 

BU"4cy*»4(iifKia , *FKi2.ov) J ai.s«)iio < j-iski/j 

[MFrom Figure 24.57c, Q„ =C„V =(2.W*I0* FH12.0 Vl=2.WxlO 4 C From Figure 24.57b. Q„ ^ 2.63*10 1 C 

V M *^ = ÍÍÍl!^ T £-5.4S V. ry (( -^CV í -^(4.80*l0* FH5.48 V)' -7.21x10 1 J -72.1 fú 
£* t- J\B0*I0 F 

Thi* one capxilor *4i*e% nearly half (he («tul Murcd energy. 

(?' 

Ev Al.t'ATE: C* ■ — . For capacitor* in *crie* the capacitor i*jth thc *mallctf C Mures the grcatesl 
2C 



UUI 



210>F 



1| 1| 1|— • * 

í-SOi* 4.80 #»F 

l» *> tt> 

Figure 24JT 

24.5S. iDEVnrV: Apply che rules íor combíníng capacitor* Ln serie* and parallel l\tt capacitor* in series the voliage* add 
and ln parallel (he vokagc* are ibe ¿ame. 

SKT Up: Whcn a capacitor i* a modérate ly ¡^ixi conductor 1l can be rcplaccdbya wíre and the polcntial acro*s it js /ero. 
r'xniTK: (a) A neiwork ihat has thc dcsired properbes » %keiched in Figure 24.58a. C^»^+^"C. Tbc total 

capadianee i.^ Ihe sime a.% each individual capacitor, and the vxtllage is spilt over each si> tha< V ■ 480 V. 

4b) If «me capacitttrii a modérale Jy good conduciLii. then itcan be irealed asa "sborl" and thus removed (rom ibe 

círcutl, and one cjpacilor will have greuter iban 6(M) V across n 

FA AIXATB: An artcmaiive solution )s i«xi in parallel in seríes wilb two in panilJeL as &keiched in Figure 24.5Sb. 



1 



T 



J 




itan 2*.5s 



ib) 



:i it. chupmy 



24.59. itl Dmnn : Rcpl jcr «tile* and pjrullcl tombinjiMio* oí lapjudíi by ihclr equivalen)* 
SEf Vez The nciwixi i« sLeiched in Figure 2439» 



Hfiurr 24.59a 

EXECUIE: Simplil v ihe circuit by repWiag ihe capacitor cnmbituiianfc by ihcir cquivalcat*: C and C á ¿re in 
lene* and tan be replaced by C (Figure 24,5%); 



Ffajur 24.59b 



C.-C. 4.2 W F--í.2pF 
C, and C„ are in parallcl and can hí realaccd by Iheir eqai\ alcm (Figure 24 S<fci 

1 c c„-cí+c 

,. - II— C»m -4^^2.1/* 

Kh C^-U/ff 

r'wure 2459c 

C,. C, and C 1La are in «ric> and can be replaced b>' C (Figure 24.59d): 

. ,c, _!_♦_!_,_!_ 
—"-TE- .... 



Fijture 2J.5Vd 

EVAIX'ATE: For capacitor* in %¿nc* ihc equivaler» cjpaeilor U snvitltt ihan anv oí üicnt in saicv capacitan in 
paralkl ihc equivalen! capjKilaDce h larger iban any of tho*e in paialkl 

Ib) Ideviifv jjhíSeF l>: In caeh cquivjlcnt nctt*tork apply ihc rulcv for f?and V for , ¡fiacitor* ¡a »cric* and 
paral kl: lurt wiih ihc simpku ncrwork and v*o<L bacfc to ihc i«ii;m:] circuí!. 
EXEtUTE: Thc equivaler* circuir U drawn in Figure 24 J9e. 

^-(2,5^)1 220 V). 550 /-C 




Figure 24-59* 

C, 8.4 /iF 
C* 8.4 j/F 
Cjy 6.i/rF 
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Sm draw tbe network a* ¡n Figure 24 .S9f 




CJp*K :tUH> m paral Le] haVT the salUC polrntu! 



Kipirc 24.59Í 

O. ■ C M V M - 12. 1 V ) * 1H0 pC 

Fiiully. coruHIcr Üic ongiiul ilauii (Figure 24.59gi 



C,^K-I7V 



I I aqndtaH in *ene* nave the same eharge 



Figure 24,59 t 

ir,-a B l!2¿£-«v 

C, 4.2 

C, 4.2 
Sumnury: Q t -550 /íC. V; -65 V 

■ 370 /x:. v : • *7 v 

P. = I80/íC. V,-43V 
P.-IHO)^. V.-43V 

ff,.ssa/rf:.v, a 65v 

EVAl.tAJK: l', *V, - l r , jad V t * V, tV, = 220 V lapaii (rom mnr «nuil rouiulior emir) 

24.60. IdevtiFV: Apply (he rule* Ibr tombining capacitor* in *erie% and in parallel. 

S»:r UP: Wiib the iwiich opencatbruir tí 100 //F and 6.00 /jFc apaeitoft are in *erie* wiih eacholher and eaeh 
paír i* in parallel wíth the otber paif. When (he %wilch iicloted eaeh pair oí 3.00 /rFand 6.0CI /jF capacitor* are in 
parallel wiih eaeh oiher and ibe two pair* are in *efiet 

(^-C^V-(4JMj^M2iOV,} i g.40^^ 4 20-10* C The 

vohage* are then caJeulated vu V - g/C . Thü ¿i»» * Q/C t - 140 V and V rt * QfC t - 70 V . 
K*"<V~*Í -70V . 

<b) When Ihe *w¡tch t* c ta ved* Üie poinu e and J mun be al the *an*e poiential* m> üie equivalen! capacitaacc i» 

J 



-4.5/iF. 0^ »C Vii4J0i^H21OV>-Mxl0^C.andcacta 



( 3.00 * 6.001 < J.flO * 6.00| //r , 
capacitor ha* Uie «ame pi*ential difíerence of 105 V (agaiiuby *ymmetryi. 

fe) The only way for ibe wm *>f (he positive charee «n one píate uf C and the negaiíve etiaree on one píate oí 
C. lo ehange ii for eharge lo ílow tbn?u£h Ihe *w¡tch> Thal U, the quantity of eharge ihat ílow% ihicueh ihe 
iwiich ih equa) to the chance in ^ ; - tí With ibe luiuh open, g - Q¡ and - Q - 0. After the *wüeb b 
cl^ed, ft-fl^ilS/iCw 3 15 /iC DÍíharge íkm^d ihnxigb the %wíicri. 

EVAl.t'ATE: When ihe m-ilch b cloied ihe eharge mwM rrdiftribute in nulc point* ¿ and^br al the tame 
potenbal. 
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¿4.61. ut IbiNTiKY: Rcplacc the thrcc capacitor* m series by Ihcir cqun alcai. The ^ im on the equivalen! lj¡\í. j-t 
cqual* the chifle on cach of ibc original t apaiiiiwv 

SKT I r; The thrce capacitor* can be reptated by their cquit alcm as shown in Figure 24.61a. 

C - Mfff 



t - 36 V 





Usure 24.6 J a 

The thrce capacitar* are in icnccia Ihey eacb have (be *amcchargc; Q ~Q { ~Q t -76//C 

EyaJ.CATE: The cquivalcm capaciiance íof capaciion in serie* i* *aiallcr iban ejeb oí ihe original capacitor». 

ih) IDEOT1FY and SKT Ws Use t/ - ^01/. We koow eacb 0 and wc koow ihai t^+l^+F," 36 V. 

EXECVTK: ü-^+TftV^ 
Bui A-A*A-fl wi/^^eiv.+Vj+vo 

Bul dio r.tVltV^VBaá V,«»C/«±0V a ^76 /iCX 36 V)-L4xlO *J. 
EyajXATE: We tould also use U ~Q ¡ 9 1C and calcúlale V for each capacitor* 

<c> IdeviifV: The charge* on the píate* rcdistribuic to makc Üie poicniiaU acrou each capacitor ihe samc. 
SKT 11': The capacitor* before and after ihey are conoected are *kctchcd ¡n Figure 2-1.6 Ib 

4 <¿- 4- _ ' J- v c iv c l\ 
*T *t *-T" ft T-' <r "T " 

Figure 24.61b 

EXKí'liTE: The t*Hal positivc charle thal i* availablc lo be dixinbuted on the upper piale* oí Üic three capacilor* i* 
0* -8u *fl; -3(76 ¿jC)- 228 ¿X*. Thu* 0, »0, *0 - 228 pC. After ihe cúxuit i* cornpleied ihe charge 

duiribute^tonuke Fj-I^-V^ V -0/C and V, - V, iDfl/f.M* '< jrJ tíi.T.f' f' 0 IJ-K %ayi 

0,'C . 0 h /C fc and 0, , (C./C. ) * f¿\(«.4 pF/4.2 pF| = 20, 

U*ing 0í - 0 aod 0 - 20, in (he above equation gira 20, * 20 » 0 - 22H /iC. 

50, - 228 //C acd A - 45.6 ijC. 0, - 0 ; - W.2 ijC 

Tb«v,-£-?L^-iiv.K-a-!l£f£-Mv.«d K.i a ü££.nv. 

1 C, 8.4 /#P J C ¿ h\4 /iF 1 C; 42 /iF 

The voliagc xtom each capacilor in the parallel combinalion ii H V. 

Blll^-v í -v í «lt/-ív l ^fl + 0 J ta)-T^ ^v ^^ 22 «^ c ) i|i,í|o, J - 

EVA1XATE: The* ii leí* iban the oríginaJ energy of 1.4 v 10 " J. Tbe n*>red energy ha& decreaied a» ¡o 
FxampJe 24.7. 

24.62. EDDmrR C -^' C ~iT* V = £J. i/«^0V. 



EXKTH1K: W C^^ WM ' 0 '^ W '^ W1 ^' 0t,,l> ^M^O-'F. 

Ib) V'^£¿ — — -12xlfV V 
C 93* HP P 

J 3 + 0>ICI'm 
[d) t r *|0F = ^2OC)l2^NlQ* V>a2.2«ltf° J 

EVAl.t'ATE: Thundervkmd^ Ln\<olve vm' laree polcnúal diflerence^ and laitre aniount^ oí tfored 



24.63. lot:vn?\: Repine íctica ¿ttul p;euUcI c<tftihiiui¡on& oí ciparilnre hy their cquivjlcnt*. tn cich equivtikni nciworfc 
jppíy ihc rule» for O and V ítir ijpjauvs ¡n *cñc* ¿Jkl purallcl: «un wiih Ihc simple*! nciuiirk and w»íL b¿t~k t« ihc 



la) StrlTr: The nctwxiiku tkeuhcd in rígure 24.63a 



1 -L c^m^ 

I II T II C ; = 4A/iF 



EXKCtTE: Simplify thc nciwwk by rcpUcing ibe capacitor combinaikm* by (hcir e<|uivileni-v. Malte (he 

24 63b. 



I J 



3- 



Fiittirc24.63h 

SJcxt makc thc rcplacemeni thown in Figure 24.63c, 
r 




= 2.3 /tf * 4.6 j/F - M ¿iF 



Fi«ure 24.63c 

Makc thc rcpljccmcnt shown ln Figure 24.63d. 



I^í ^ C^.U^F 

24.63d 

Mjkc thc repUccmcnt shuwn Ln Plgurc 24.63c. 

C 'T T C m ~6SfJ> 
Usure 24.Üt 



Makr ihc rcpUtcmcot *h»wn ln Figure ZU3f 
C. 



2 1 



t. 

f isurr 24.63Í 

(b) Consióer thc nciwork a* drai*n in figure 24.63g. 

t a — 1 1 — X — 1 

V -4JHV _^C. 23j# 



l'rom par! u: 2.3 i/F í* Ihc couivjJrnt 



capaciiancc oí thc re*i orine networfc. 

'c. 

itauc 24.63« 
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Thc cqujvaicni nciwork ¡* shottTi in Figure 24<63h. 

| °" 1 I '] ft'JjiF Ihc capacitor* ate in serie*. 

^ *o all ihrce capacitor* nave 

l D I I J IbctmcQ. 

HgU 21.63b 

Bul here all ihrcc have thc same Csoby V= (ACall threc muM have thc same V, Tbe threc votiagc* musí odd 
:o -12" V, soeach capacitor h-i% l' - l40V.7ne 6.9 pF lodie righl i* the equivaler» of Cj and Ihc 23 pP 

toparilor ¡n parjllcl. *o Vj ■ 140 V. (Capacitar* in parallel have the ume poie ntial differcoct.) 

^-(6.9^140 V) = 9.7*10 J C ind ft =(4.6 i#F)(I40 Vj -64* lO^ 4 C. 

le) From thc potcntiol* deduced in port *b> we have thc situaiion «btmn in figure 24.63). 




[rom pjrt lai 6>9 ii thc 
f = **DV (\ * — fic^j «|uiv*lc(ii capacitancc of tbc 

rcsi of thc nchvoik. 



Thc ihrcc nímmiftl vjp*ilor* ore in sene* and ihcrcfotc nave thc *amc charle. Bu* their v JpA.it.mtc* are aíso equal 
soby V- (Í<Clhcy cachhavc thc ■ ame potencial dincrcocc. Their potcniials mutf &urn to 140 V. *o thc potcntial 
acnmeach i* 47 V and V M - 47 V. 

EVAJ.l'AYE: In coch capacitor nctwork thc rules íor combining V Ior capacitor! in ¿críe* and parallel are obeyed. 

Note ib* V 0 <V t in fací V -2il40V>- 2147 V)«K^ 

24.64. iDKvnCT: Find thc total charge on thc capacitar nctwork uficn ii ¡* connevted to thc baticry. Tb¡* ¡s thc antouni of 
charge Uiai llm* through thc «¡¿nal device wben thc switch ¡* clo*cd. 
SKTUP: F6r capacitar* in parallel, m C\ +^+Cj+"- 

EXEllTTK: C^'C^C^C, -60.0 pF. p»ÍV -<6DOjíFkI2I> Vi - 7200 pC ■ 

EVAJXATE: More charve is *tarcd by thc three capar ilor* Ln paralkl than would be *tared Ln eacb capacitor used 



(ai Iw.mii" y andSgr llP: Q i* convtant. C-KC¿ use üqA 24. 1 1 lo relate thc diclcctric consiant K lo thc ralio of 

thc votiagc* iviihout and with thc diefectríc. 
EXKOiYK: Wilh thc dielectric: V ■ QíC ■ Qí( KC+) 

withoui ihe dklecinc: V t -QfC+ 

VV-a:. h>a'-(45 í ov)/Iiij v)=3,9i 

EVAl.tATE: Our analysU agrees *itb Fq.124.15). 

|bt locvnrV: Thc capucili* can be ireaicd as equivaleni lo l«x> capacilon C t and C¡ in parallel. onc wíth 
arca 2A/3 and air betwecn thc píate* and onc with arca A/S and dielecirk belween thc píate*. 
S»:F Up: TT*c üam alent nctwork i* %hou h n in Figure 24.65. 



1 -y ¡ífi 



PlfUt 24.65 

EXECUTR: Lct C ü "^i4'J bf Ihe capjtíliiiurr with anly Jir btuvrcn ihr pliu*. C I = KCJX C t -2C 0 li 

cl ■<í*c i - (t;m<*»2) 



22.SV 



EVAI.I'ATE: The voltagc is reduced h> ihe dtelecirk. Ute voltagc reduciion U Ic^s wheo ihc dieleciric docsn'i 
Lompktclv fill thc volunte bciwceo ibe pbtc%. 



OfnmtiiiM ukI ÜicIccuk* 14-21 



24.66. loEVnrY: ThU üiuaihki \* anaktgou* lo having two capacitor* C, in *cnci+cxh wilh *cparatioa - *th 
SET UPt For cupac llore in rtcric** ^— 

EXKITTE: C,[±.±f - K -^-^ 

4c> A» 0-*O. C->C > + ThcniL i : ■: i ■ noeffect ¡f Ufa very ihin. And a* a-*d , C-»v * V*QtC. V*Ey 1* 

thc pote ntia! diffcrcncc brivYcn two puinu *cpuraicd by a diviance t paralkl toa tiaiform clectric ficld. Whcn ihe 
di-stance i% very «mal), il takc* a very Urge ficld a&d heme a Urge (>on thc piale* íor a given potcntial diífcrencc. 
Since (¿ ■ CV ihre corre%pond:t lo a * wy largc f 

24.67. íji Iluntii v; Thc conductor can be at «oírte potcntial V. uherc V = 0 f*r frttm thc conductor. Thfo poicntul 
dtpcndk ími thc charge Q »n thc conductor «o wc can define C — {VVwbere f ' will not depend on Vnt Q* 

h Su l I h : U>c ihe cxprc%*4«i Ior ihc potcntial al thc Mirfacc of thc *phcrc in ihc an¿ty*i* in purt (a). 
EXKCUTK: Fot any polnt on j soJid conductinc sphere V - QI 4xt, t R ¡f V - D ai r -* f* 

<€} C-4t^*-4t(8.854*I0 " FAn)(6J8* 10* m)-7.IO*lO* F-710¿#. 

EVAIX'ATE: Thc capaciiaoct «¡thc carth L* about Kcvcn (¡me* largc r iban Üic largc** capuciiancc* in thre range. Thc 
»f (he caflh i*, qullc *mall* in vícw of its largc lize. 



24.68. lOEVtin : Thc electric ftcld cncrg}' den*Hy is i* ' - Fot a capacitor ¿/ ■ ^ . 

SETUP: Fw a *ohd cottlucting *phcrc oí radiu* ff, E -Oíot r<R and E- — ^— -for . .V 
EXíXI TE: (a> r<Rz *i-lc J /T J -0, 

<d)Thii ctkcrgy cqua] u> t ^^j^ whicb ¡% ju*( inc cnct^ h rcquucd lo ¡i)»cmble ill thc charge intoi ^phcrical 

dixiribution. |No4e Ihai bcíng a» are oí dtwblc cnunting gívet ihc lector of 1/2 in frortf of (he fjnutjor p*Hcnt»jl cncigv 
fotmuU fot ü cbartc Q a ditunce **: from another ch^igc Q.i 



EVAIX'ATE: (t) Itoid ü«iu^iion I24.9K V U - — 2_ froen pjrt (c) , C- 4 tí A' , a* in Problcm (24.67) 

2C Ifin 



Z4.69. lotviu\: Wc model Ibc c artb ai a xpherical capacitor 



SKTlTP: Ibc carxicitanccof ihc cartbih C>4n— and. Ibc cha»c oo it U O = CV. and ib* Morcdcnc^ b 



i (6.38^ ICr^ m 1(6.45 m\ , 

EXIXtTE: (a) C ^ 1 -¡ ü i ^ 6.S y JO F 

MDxICrN 'm'Kr 6.45x10* m- ó.iSxlO 1 m 

Ib) Q-CV -(6.54«l0 J F)í3Sa t O00Vi = 2J«IO 4 C 
MVmíCV' =4(6.54-10 1 F)(35aOOOVl l *4.0*lCf J 



EVAI.Ij'ATEi Whilc thc capacitante ot thc catín n lar^ci Ihan onJinaiy labor ali^A' capaciten. tap¿xUor* niuch taícci 
ilun Ihiv* *uch 4s I F. are rcadily av ailabic. 
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24.70. IDEVHFY: ilieelertrícñeldenergydeiufl^í* a í ^ t 



setup: rwihw 



. £"Ofor r<r. 



2* V 



fue a < / < i; and 



r>*. 



1/ 2** 

Bxanmk 2-1.4 thou* ihai — roratvlmdrual 



«'tí 



Ib) - f«/V-2^¿(if^-ÍÍ-í— and fafe/r 
1 J tai t L ta 



MUring EquaÚDo (24.9^ UmQ—m & h(r fr)» ^ ¿ hitr /Q.TCi agiré* witli the re*uli oírxirt ibi 

2C 4*<L ta 



Evaj.CATE: Wccould havetiiedlbe reailti oí part ibiand í/- — l» calcúlale L T tL and *xmJd otHain lhc tamc 

2C 

rebutí a» in Ex ampie 24.4. 

24.71. linM.it: C-QIV, so we r^d u> calcúlate Ibe eflert ofibe dkleclrki on ihe potenital difíetente hciwn die 



Stí Vvi Let ihe potcntial of che pmmve píate be V,. Ibe potertul oí the ncgaiive píate be V% and ibe 
mMlwav betneen lhc ptatct where ihe dickttitt* mecí be K. a» i bnwn in Figure 24-71. 



Picure 24.71 



EXKt l TE: Tht eketric fie Id in lhc ab%mcc oí any diclectrk ¡* £ , - — ♦ Inihc finí tf te lev trie (he clcciric fiekl a 



reduced to r _ _ _ 



^l£J —¡- *- In lhc setond diclrctru lhc rlrcinc ñrld n te dúctil id 

" J UJ K.X* " " *.2^A 2*AÍ* Jf.l 



. Jif £±£,1 Tb» give. C , ^ „ J *¿Y , iSdí _££>. 

2^1 JTA J ^ ^ grf JC, + Jf; / d {Ki + Kj 

EVAJ.l'ATE: An equivalen! way to calcúlate CU u> conuder the capacitor lo be iwo in «entrone with dieleciric 

can&iant A' L and ihe alher i*jih dtclccrñc contunl A'., and both with píate teparatton (Can imagine invertirte a 

ibe dielectrk *íab*.i 



Sílice üiey are ¡n *erie* Uie coul capaciiance C ¡* gi ven by — - — * — *o C - — y A ^; I 

24.72. IdevtifY: lh\s uluaiion Í%anakig«iUh lo havíng twoeapae¡toc% ¡n pamQeLea^h wiih an área At 2. 

SErUFS For eapadlon ¡n patalleL C^-C t + C y futaparallel piafe capxitor w¡ihplatet»f aira Af2, f¿Ü— 



c.A/2 4.AÍ2 c.A 



EVALUAR! lí K ¡ — * , - ■ K——- wlui'h ll 1..; 124. 19). 



24.73. iDEVtlFY juiI SET Ito Show ihc uan^fotmatitin (rom iínc citvuii to thc odio: 








e 


r 










I 



K*urr 24.73a 



HXM'i ti.: (a.) ConMdtr Ihe i™ ntiwork* «hown ln Figure 24.73*. From Circuí! 1: L| . L| ,.:u[ "' . "' 



of ihc ttiorgc* ctftul lo cach oiher in rnalchíag polcnúal cqutilion* from thc iw*i circuil* rciuits ¡n Ihirc 



Utdctutulmt ctiuation* icljiinr ihc twoiet* of capadunccv Tbc *<i of cquation* are 



1=_LÍ'-— -— í 



fot X. we 



lb> Uving ibc uunffrrmation of pan ta) wc have ihc cuulvalctu nctuctrks thotoTi in Figure 24.73b: 




H 



Jt-F é 




Figure 24.73b 

r - 126 /iF . r, - 28;/F. C, - 42 ¿/F, C, -42 /iF. C, ■ 147 //F and C, -32//F.The loial equiviknt capaciianct 
I I 1 1 1 



* 1 72 /* I26üF MMm0 



147 i/F 72 iiF 



-14.0/*. utereuic .U.K aFconwMnvm 



42 üF 32 



!_ + _L_l 
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fe) The tirvuil diagram can be redrawn ai *hown ¡n Figure 25 + 73c. The ave rail charge h given by 
(?-C " VMUd/iF)l36V)-SJ»JflÜ"*C. Ai>d mí* aLw the charge on the 72 ttV capacitor*, *o 



^" 72*10' F ~ 7 ° V * 



I 



nm 24.7jc 

Next i*e will lind ibt voltaje over Ihe numbered capacitor*, and iheir auociated votUce* Then 
will be ehjnged batk ¡nto vollage oí the original capacitor*, and then tbeit crurceí Qc -Q - 



5<M*I0*C. 



S.íUviO*C 



5.04*10 *C 



K¿ = -J«V aod V r — -4AWV. liicrrifirv. 

14 147*10*F * I26x10*F 



■S» * > (36.0-7.00 - 7.00-4.00 - 3 Ai) V = 14.6 V . But ^(CjCé)-^— +— J and 

l j S 



KVAUUtKl Noli ib* 2V* li *l' |i +V a -2t7.GVj + l3 V = 36 V. M iuhoukl 

24.74. IdevtifV: Tto forcé on one piale U ihie lo tbe electric ficld oí the oiher píate. The elecin>*iai¡c forcé nvau be 
balanced by the forte* from the *prin$t. 

SkT l i': 'IV,.- electric lieldduc toonc piale U E — . Iht forcé exerted by a ¿pring compreued a dfriance 
Z%~z From eujuilibrium i* A(í, z) . 

EXKOTIE; f ») Tbe forcé bc*wccn ihe im» paralld pial» ísF-tff-SÜ- - - ffi - Í¿Ü1 

P P * 2^ 2*^ r 2«,A 2? 

<bí When V ■ IX the bcparation U juit When V * 0. the ttttal forte from Ibr four «ninri mu>4 cuual the 



ílectrotiatic forcé calciilaicd ío part la). F 4tftmt ■ 44 - ;) 



t-AV 



ind 2i 1 -2i l Sl 4-5díl-0 



2:* 44 

(OFor A-OJOOm 1 . ^ -1.2x1o 1 ra. *-25N/mar*l V-l20V<io 2; L -(24x1o 1 rale* * 3.82*10 "it^-O. 
The phyt KaJ ^Itiiiooi to thii ecjuaiic4t are r- 0.537 mm and 1014mm. 

EVAJ.CATE: (d) Subte equilihriuni occtiri if a *IÍ£ht diiplaccment frorn equílibrium yiehfe uforceback toward the 

.'.j'. I. i n u 'i', i [xtinl El .'Vri :\ b ilj b ili" L n M n - v mi .: .1 'Ji-j" . t. ■ iht;. ■- i 'i', i i.í. j fi; .]i.ibnu:r. ni'-.UiMii^ líil" 

3.014 mm ^eixirabori ii «eeri tobe^tabk, but not ihe 0.537 rtim 



Captfiilattcr ±nd Üiclcctnc* 2J-2Í 



24.75. IpevtifV: The nurm can be cimtidcrcd tobe twu capacitor* ¡n pura) Id, *w wllh pUle área r\tl - *j jal air 
bciwccn the piale* jikI odc wiib arca /.i And diclcciric fillmg the ipicc bcrwccn the piale». 

S»:r n - C Ai-i íor a parallel piale capacitor *-ilh piale ra A. 

i/ 

EXErtTK: <•) C*^i(L-xiL*xKD*5£.tL+yK-lM 

W = ¿lJC|V\wberer*C*^-A'-í*Jfl.wíih r fr «^|L-«-<A:-lMI. Thogive* 



2D 



Mlf ihe charge i*krpcDO*uniooibf püievibfn g-^^tf+QT-ft*) and U -^CV J -¿Cy^^l 

2 t W 0 1 2» 

id) Sinee rftV • - . the forcé ¡h ¡o ibc oppotilc direclioa to tbc mulion meaning iha* ihe 

*Ub fceU a forcé pu&híng il out. 

EVAIX'ATE: (el When ihe píate* ¿re conceded (o the battery. the platct plus *Ub are nol an ñotaicd vyucm In 
jdditkm lo tbc work uonc on ihe dab by üie chirgei on ihe píate*, cncrev U abo tranrferred between ihe baitcry ai 

the píate v Comporing ihe resutu íordtf m partidlo éU = -Fdx gire* f « — — jo*^ ^ 

24.76. IdevtifV: C -p/V * Apply Gau**s law and ibe relation belweer* poieoiul ditTerence and eleork fieliL 

SETUP: Eacbe«xlirctof w m chipote muí surface. V # * J*fi L - Jr dr ,» ^-^.wbere 

jjc the firld* bemven Ihe upper and Jowr hcmi'iphercv, The electric íicld \> Ihe unv in ihe air «pace ai in the 
diekctríc* 

EXCCtTTB: («> Fot a normal spherical capacitor wiih a*r between ihe píate*, C, - 4g<^ ** r *^ j . Tbe capacitor 
ihi* prublem r* cquivalcrti u> two paral H capacitor*^ C, andC, , each with half ihc píate área ot*ihe normal 
capacitor. tím^mlmKJj^máC^m^uJj&X C-C„+C L -2^(l+jr)í-« 

tb) U*in¿ a hemitpberícal Caimian ¡turface toreadi reuieciive balf, £ .mi i. "' >hk. 

2 2*A:^r J 

O KQ KQ I 2 O 
and «, « i-.Hií*BÍvcjt E>-— — Jcd 

<c>Trttf free charge dctiMiy on upper and Joivcr hemii*pbere^ are: »ít », - - . and 

2' t\ 2d?r^ (1 t A i 

<c}Therc it ¿eroboued charle on ihe fUt mrface oí tíie diekctríc-air ioierface. orelie uui «xiuld imph a 
ctrcumi'rrential eleclnc tlekl. or thal ihe elecirk tleld cbanged a* we weni around the spherc. 

K^ammtk: The cbar^e \s íxh <\|ujL)v diktribuied o-ver Ihe mríace of each conductor. There rnu.%1 be more charge < 
the (muer half. by a racior oí K* because Ihe polari¿at¡cin ot the dielectríc mear» more free cbarge b oeeded on the 
Imvcr half to produce the «ame clcctnc 5cid. 



24-2* Oui P trr¿4 



24.77. IDEVIIFV: The ctojcct i* cqirivalcm lo lwo 
*rftiniii»n ti and dicltvtrk wiih dtflctrirk* 



SKTUP: Fotcach 



ijpjMton in par alta L> "hele ejih hav thc ^mr arta A. píate 



in (he naial&cl comhmatHm. C 



EXKOiTE: (a.) The charge dbtnbuiion on che pU*ci ii *hawn in Figure 24.77* 

EvajxaTe: Iftwo oí thc pUftci ire scparaied by bolh dieei* of paper n> farra a capacitor. C «38x10 F 

Id A 

tmalfcr bv a factor oí 4 coxnparcd lo ihc capacitor ¡n ibe proMetn. 




ngUt 24.77 

24.78. iDfrivnFV: As in Pmblcm 24.72* thc *y*tcm i* equivalen! (o lwo cupiciltci in parallcl* One of ibe capacitor* ha* 

piale . -.n 'ii d. piale arca m. AmihI ¡ur btiwn Üie píate*. The other ha* thc *amc piule *eparuiion (/. píate urea 

ii Jj and dielcclric comunl K. 

SETUP: Define ¿ by r A c 1 .i ^¿ t Por (w^cjpaciWf* ¡aparalleL C„ *C,+Cj. 



Exkcti TE: (¡t) Thc capacitor* Are ¡a paral le L «o C - 



lhiL- Jii AVhJj fcwtf, Mi n 



l L L 



KA h 

[b>forgjaaliae,wiib K -Í.9S: i MI: ff rf J*=£J-l.24; ¿íull: JC^^A = 



id t Thit kírkJ i»l fud Unk *cn*ar wiD work be** íHr mclhanol *Ukce ¡1 ha* ihe greater range of AT^ 
EVAJ.CATE: When 1*^0, AT- -I Wben tt~L. K M -K . 




Cirrknt, Resistan»:, and Electromotívk Foro 



25.1, IdeviiFV: I ~Q!t . 
SETUP: LO b- 3600* 

¥-\ AI.t'ATE: Compared lo typical charle* of objccl* ¡n clcctrottaiic*. thü 

25.2, iDcvnrV: f =Q!t . Use / ,.¡,¡' .i n > calcúlale thc drifl vclocity r d , 

ITp; jisMkIO" m ~\ bUl.60*IO"C, 



ib] / . 1:1. ..í Thimivc* t^a-í-s q - * i r- = IJHx 10 * m/* + 

P|J * 4 jiffj (S.Sx IO*XI¿OxMT'* CX*<l.3xl0° m) J ) V 

EVAl.l'AYE: *j i*imallcr iban tn Exarnple 25. U bceauie / « *mallcr ¡n ihi* ptoblcm 

25.3, uwnm ImQU. J~itÁ. J-a\l\v 4 
\v . ■ - i :■ with ¿J-2OS-10 1 m The cbvge ofxi ekciron has nutfniiuik *c a 160x10 " C. 

(a) /i -<5.00 A HI 00 *>-500 C. Tbe number orclertron* \% £=3.12x10**, 

<h) ' « 1^ = 1.51x10* W. 

lí Ji/i <ji74X10SxIO 4 roV 

^1 (15*10* m 'HÍ 60x10" C) 
EyaI.IATE: (a.) If / ti thc ¿ame, J-I'A would úccrcaic and i, would decrca»?- Thcinimbcrofclcclion» 

passiag thnxigb thc lígbl bulh tn 1 .00 * would ool changc + 

25.4, O) llttMIFY: l!y defítiirtoa J - ¡A and radium ñ onc-half Inc diamtter. 
SVttl Sorve for incurre*: /-Xí -./kíOS} 3 

EXECLTfi: J- (1.50 x 10* aWKxíI 10.001 02 rovlf - 1*23 A 

EVAJ.l'ATE: Thñ ú a rcal¡*lic curren* 

ih) iDEVtirV: Thc curren l dctiMiy ■ J ■ «gr^ 

Ski 1-TPí Solvc for Ibe dntf vdocily: v* - 

EXJXtiTK: Stncc rtnwi laboraiofy "Aire is coppcr* we thc valué of ir for coppcr givítm 
^■(1.50*10* AWl 1(15 x 10 it d.'m l KÍ.60x 10 "C>- 1*1 * 10"* m^-0.11 iwvt 

EVAJ.t'ATE: Thc* ti j typical drill vclocily for ordtnarycurTcnta and w¡rc*< 

25.5, IdevtifY Jihl Sef VK U*c Ec¡. (25.3) lo calcúlale thc drill ipeed and Ihcn uw that lo find ibe lime lo Iravel thc 
Icngib of thc wirc. 

EXEOiTE: (a) Calcúlale thc dríitipccd 



^ * r " *(1.025*10 1 m| 
J 1469*10* Atar . „ * 

f -£-_™í_-fi.58xl0*.-llO n ¡ 
v 1.079-10 * m s 



25-1 



2f-2 (Itiiptcr 25 



Ibt v. ^ 



t U proporbonal to r ] and henee tu rf* whcrc J = 2r b thc wirc diameicr 



(c) EVAI.CATE: Thc drifl *pecd n proporiiorul to thc currctii dcnMiy and thcrcforc ii i* invericly proporitonal ta 
lite *üuarc of thc diameicrof thc wirc. Incrcj-tinc thc diamcicr by somc factor occrca&cs thc drill «peed bv thc 



25.6. |p£\nFY: Thc number of moks of coppcr aiom* t% thc ra 1 » of I 00 m divided by thc atonuc rturi* of coppcr. 
Thcrc are S\ * 6,023 x I tf 4 atorro per rtxilc 

Sur l T r: Thc atomic maa of coppcr b 63,55 g/molc. and itidcroity ii fí**ti g/cm*. Examplc 25 .1 tay* thcrc are 
M 5*I0 J * frec electrom per m . 

ExucTTE: Thc mirnberof coppcr atorro ¡n 1.00 m' i* 

(8.%g/ctn l Ml 00x10* cniVni'XÓ^J^lO' 1 *orro/molei g ^ J| * ||| i 
63.55g;n»le * * * * ocm ' m 

EVAI.l'ATE: Smcc thcrc are thc ame mirnber of free electroro/rn 1 ús thcrc are atorro of copper/rn 1 , rite numher 

of ir ce electrón» per coppcr aiom b ocie, 

25 .7. iDEVnrY and SKT Ijp: Appty Eu, <25. 1 i to And thc charge JO tn time di. Intégrate to llnd ihe toial charge ¡n ihe 
whole time intcrvaL 

Ex»:c < tr: < *) dO-í 

Q-f**'\5$ A-|0.65 \¿%*y}di- [)55 A|i-(0217 A/a'Jf 1 ]"* 
£-(55 A)(8.0*)-(0.217 Ai** 1 )!*.!!*) 1 -330 C 
W /.£.^£-41A 

i S.O v 

EVAI.l'ATE: The curren! dccrcnci from 55 A lo 13.4 A durinc thc interval. The decrcjtie » not linear and thc 
MQp curren! i% no* cqual to(55A * 13.4 A}/2. 
25.X. lotvittY: S - QU . Proilivc charge flowntg ¡none dircction n equivalen! to negative charge llowine in thc 

opposilc dtfcction. so thc two currents duc (o Cl and Na ¿re tn Ihe *amc direcilon and add. 
SKTfJP: Na and Cl e*ch nave magmtude of charge +e 

EXErtTE: M ft fcl -(« o + rr H# )e»(3.92Kl0 ,fc 42.68xl0"K1.60xl0 "C>»0.0106C. Thcn 

f .fi HL .M10*C. MMSA . 1QJbA 
t 1 .00* 

(b)Current rtowv hy converttion.. ¡n Ihcdircction of pcuitive charge, Tbu&* curren! fU\m w¡th \j lowird ihe 
negative clcclrodc. 

EVAI.l'ATE: The CT toro have negative charce and move m thc direciHin oppo^ite lo Ihe conventional current 
direction. 

25.9. lofcvnM : Tnc numher of inok» of Mlveratom» a ihe rnavt of LOO m' divided by thc atomic mau of silvcr, 
Thcrc are .V, ul> ' 1**' ' Alorm per mole. 

Mi \ v. cktiiily-lOSxIO 1 kg W mi ihe atóente mus i* V - I07.H6H* 10 ' k^rnoL 

EXETUTE: Con*jder] m of »I\tt »i - Idcmny »l - LO 5 * U» U- . n^m/M ^ 9,734x10* mol and ihe 
number of atorn* h X — nff A —5.86x10 atorro . If thcrc iionc free electrón per atom. ibereire 
SJE6xlO J< freeeÍectrom/m k . Tb¡* agrccswith thc valúe givcn ¡n E.\erci*e 25.2. 

EVAl.l'ATE: Our result \crificx ihai Ibr «Ivcr thcrc ¡* anproxirrotcly onc free electrón per alom. Excrcbe 25.6 
show-cd ihat fox coppcr ihcre U abo onc free electrón per ilom. 
25.10. (■) IIWHIW: Stan wtth thedcfmitionof resbitmty and noKc for£. 

£-(1.72 x 10* n mH2J5 A>1rtO.0OIO25m) 3 |- 1.43 x 10 1 \tm 
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EvaJ.CATE: The 5cld is quite wcak unce ihc paicnual would dron only a volt in 70 mof wirc, 
4b) iDEvnFY: Tdkc thc ralioof ihc fielü in tilver lo (he fícld ín conper. 
ID UR Takc thc ni» aml solve for the ficld ui silver ¡ £* - Jkta^ ) 
EXEtHlK: - (1X0143 V*n)((1.47)'íL72>J - 1.22 * LO ; V'm 

EyaI.CAYE: Sincc *ikcr is a bciter conductor than cooper* the fieM in silver i* *malk7 ihan the fteld Ín coppcr . 

25.11. IdevtifV: Firsi ()hm\ bw lo find the rcsistancc at 20 + lí'C: then calcable ihe rcsislivily frt>m Ihc rrsittancc 
Final ly use ihc dependente «f resiManee on tcmncraiurc lo calcúlale the tcmpcraiure coenWicnt of resislance- 

m i I r; Ohm'% tav aR - V I. R - pt¿A t R- RJl * a(T T t )¡, and the radiu* is one-half ibc ikimcier. 
EXEilTE: (a) Al 20.0 D t\ R - VJi - (15.0 Vf<lH5 A)- 0.811 íl Usingtf - p£/¿ andsolviag for/*give*/v - 
JUA - RxiDtlfíL - (O.SI l nix|(0 + 00500 mK2|*'Yl.S0 m) - 1-06 * 10 * íl* m. 

M AI92a>°C\íf> Ky/-(l5.0V|>tIU Al - 0.872 íl U»ng - A| I I í*r 7"#)) i*üh 7"o laketi a*20O a C i*e 
have0.872íl-<0.Rllíl)|l * a(92.0*C - 20.0*0]* Tliw give* a- 0.00105 (C) 1 
Eyaj.vaTe: The rcsults are i)pical nf onlmury metáis. 

25.12. IdevhfV: £- /\/. where J -Í'A. Thedríft vclocity i* givcn by / . . |.. |> i 

Srflrtfrl rorcoppe*. /* = 1.72xl0'íl ro. ■ ■aSxInVrW. 

0») £-¿*J = (1.72xlO*fl mtf6.8UI0* Atn ; )-0.0I2 V/ro. 
<c>The time to travel the i*irc's kngth /» 

"vj / Í6A 
r = 1533 oi¡D«22hn! 

Ev Alt ATE: The currents propágate vety quickly along ihe wirc but ihe individual electrón* travel very skiwly. 

25.13. loEvnrV: E - pJ . where J-ltA. 

IV: . ■ ■ LM * O m and for aJurninum p- 2.75x10'* Q-m. 

É pl IS25«10 1 fl*m«0820A) .«i... 

¿ (.r/iH^xlO'mj* ' 
EyaI.CATE: A brger elecirkr ficid b required for lungsicrv beeause ii ha* a brucr resistivity. 

25.14. lotvnr)': Thc re«btivir> h of ihc wirc ihould idcniify whal ihe material ix. 
StX Vv: R - f-i. A and the radiui of thc irire vt hilf iu diameter. 

l'Aii i ji : Solve tbr pand sutnliluie the numérica! v^alue». 

^ ' 65f>m 



EVAJXATE: Thnn-sult n thc same » thc tc^itiviiy of hI-ct. wbich imphcslhai the material ts -iKvr 
25.15. **t Im.\i\¥\: Stan with the definition ofresblivity and use iti dcpcndcnce on tcmpcraiure lo Hnd the eicciric 
Ekld. 

E-[52S xlO' íl' m»l * <0.004S r C* )(120*C - 20°OH115 AV|«0 + 000500ro) : | - 121 Vn\ 
(Sote ihai the resiviivjty at 120°C rurns oul mbe 7-61 xlO ' íl - m,) 

EvaJ.VATE: Thrs result i* faxrly large because lungMen has a lar^er rciviitivity than copncr* 
Ib) iDEVtin': Reble rciiitance and rcsstivíly. 
Srt ITp: R - fúJA - pLfx? 

EXECUTK: ff-(7.6L xlO 1 íl mK0J50mf|¡rt00005O(i m| : | - í» 0145 íl 
EvaJXATk: Mcui metáis haw very low resistanec. 

Ic) ÍDtvm\: Thc poieniial diiTcrence ü propoflíonal m the lengib of wíre. 
SETUP: V-EL 

EX>XU1K: V~{\2\ V>tnKO.I50 mi- 0.182 V 

EVAJXATE: Wecouldalso calcúlate V -IR -02.5 AH0-QU5 íl) - 0.181 V 4 Ín agrccmenl with parí ic). 
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25.16. IdkviifV: Apply * - — andwhcfor£ 

A 



UP: ^ - rü* i 1 4 . wherc £> - 0-462 mm . 

_ il00£lny*4)<0.462*10 "'«I 1 

EXKCliTE: i - — - - ! ■ 9.75 nv 

/> L72*I0*Í1 m 

EvaJ.CATE: The resistance is proportional lo thc lengibof lite winr, 

25.17. iDEVnrV: ff-^i. 

ÜF: Forcopper. /j-1. 72*10" finí. A*xr*. 
Til 025*10 1 oí) 1 

EvaJ.CATE: The resistance ii proportional lo thc lengib of thc píeceof wire. 

25.18. loEvnrV: R =£Í * _¿£_ 

UP: For alunúnum. -2.63*10 * ft rn. For coppcr. i» ■ 1.72*10 1 11 m 



EXEt'UIK: fr- — - conttanl.so ^--A-* <=^.J^-- 

d' AL d > d 



11.72*10 ' n 
V 2.61*10* fl 



i 

f.\ AJ.l'ATE: Coppcr ha* a srnaller resistivily.. «o Uic coppcr wire has a srnaller diamctcr in urder lo have 
rcsisiancc as thc atuminum wirc. 

25.19. I Dtvnrv and SKT Vn U«cEq. (25.10) to calcúlate^ Find thc volume of thc wirc and me the dcn*iry Ba 
calcutac thc mase. 

EXF.rtTE: Find ibe vohunc of onc afine wirc*: 

(l.72*10 'n ni)(3.50mV 

voluiiie-/f¿*¿— -- - -1.686*10* m 

R 0 125 O 

iifs(de»ity)r -(s^lO 1 kgm')(l6S6*IO* nV| = l5g 
EyaJ.I'ATE: Thc man calculaicd U icasonablc for a wjrc 

25.20. IdemifV: 

»i 11*: lh- Icmuh of ibc wirc in ibctpring tí thc circumfcrcticc of cacb coil times ibc numher of coiR 
EXETtYE: L - í75>xJ - (751^(350* 10 1 m> - 8.25 nv 
4*«r***rf*/4- -t(3^5mIQ 1 mr\'4-HJ0*10* m J . 
(1.7411*8.30*10* 



-1,75*10" ii ni 



L 8,25 m 

E y AMATE: Thc valúe of p wc calculaicd n about a facior of 100 times largcrthan />forcopper. Thc metal of 
ihe xpring ¡* nol a very good conductor. 

25.21. tDMIlYS R - £^ 

A 

SrrUP: £-L8üm, Ihckngthofooeiklcofibceube. A = Ú. 

Erame j g -¿^-4-£- 2TCxl ^ Qm -ij3xicr'n 

J ¿- £ 1.80 m 

EvAl.t'ATE: Thc rcMitancc is very tmal) because A i* very much lamer than ibc lyptcal valúe Ibr a wirc. 

25.22. [DDnifVi Apply Jí, - RJ\+a{T-T 9 )). 

Ski ir: Siocc r - 41 and J' bj the iamt ~L-« For implen, a - 4.5* 10 1 <C°) '* 
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EXKCltTE: ThcratH>ofthecurreniat 20 C to Itat at ibc higher icmpcraUirc is (0 860 A>/<0.22OA>-X9O9. 

*r 4.3 kMT (C 6 ) "* 

EVAIXATE: Ai ihc tcmpcraturc increa\cv (he resisiatKe ¡tKrea&ct ar>á for con*l4ni ¿ppljtd vottoge ibc cune ni 
decrece* The rciiitancc increasc* by ncaríy a factor of fbur. 

25.23. iDEVfiFY: Relate reiitUtice lo rcríitivity. 
SktUP: tf-/aV¿ 

EX>XtlK: <»)« -pL'A -(O.ÓOÜ mn»:5 mVIO.12 m> : - 10.4 íl 
4b»A -(0.60 íl oi)ÍOJ2roV(OJ2mHO T 25m)-2.4n 

EyaiXATK: The relance w grcaier for ibc faces thal are lanher apart 

25.24. lOEVnTY: Apply fl-£Íand 

jt- — - — — í-«l.37xl0 Ci ra. 

L ¡L (l7.6AM2.50w> 

EVAIXATE: Qur rcsult for pth&m thal ihe wire t% made of a meia! wiih reiisliviiy greater ihui ihalof good 

it.i! f l . i L tí vtdu * 1 1 1 r ^ suc h a* copner irtii iluminunv 

25.25. IdemifV jijJ Si r l>: Eq <25 5> reíale» Ihe electríe field irut » gi\en to the curreni dcrwity. r - ££ ¡me* thc 
potential dilVerertce aero» a letigth L «futre and Eq. (25. II) allow* u* lo calcúlale R< 

EXKITE: í»>Eq.(25.5>: p = EtJ »>J = Efp 

FromTable 25.1 Ihe rttutíYÍrv for mké i* 2*44*10 1 Q m 



J i 



a49Vm ^2Q0KM0 W 



2.44xlO"flm 

/■jMWjrr' =(2 008*IO : Am }.?M>-¿t , n> 1 m) -DA 

4b> raa-(U9Vta|(M«)>MV 

<c> Wi can uie Ohm * law (Eq. (25.1 1)): * ■ /ff 

/ 11 A 

EyaIXATE: We can abo calcúlale R fnxn the re*¡*tivity and the dirncrotoraoftlve wire{Ea- 25.10): 

pL pL (2.44x10 * £l*ml(6.4m) 
R-Z— i— j — l-02S£Í t whtfhcbeck*. 

A *r jr(M2irl0'' 

25.2A. [ht.\iih\ and Sit Cp; U« V - EL tocakuUtc Emú then p-EJ localcuiale p. 

V 0.9JR V 

EXEOJTE: (a) — = ■ 125 V¿m 

L 0.750 m 

ib) *o/j = — ■ 1 , ■2J4xl(T i n m 

J 4.40x10 ArW 

EV AIXATE: Thn valué «f >» ÍMintilax li> ihat for the timó metalhc conikiclon m TaWc 25. L 
25.27. lofAnn; Appty R - J? 4 [l + a\ T - 7\ ij localcuiale the re*¡&rance at thc 

<i)StTllF: »-0 + OOW (C 5 ) * fTable25.lVLet 7", be00°Cand TbelLS^C. 



EXECUTH: *» 5 , ,,99.540 

uair-y i-jo»*! (c*) '(ii.5c*)j 

M>VOR «*-0.«OS (CT)" 1 fTable25.2).Let r t = 0lTCwidr,25.g a C. 

EXECUTE: í = ^[Ua(r-j;)]-0.O16On^l*|-O.OOO5 (C*) 'J(25.BC*|j-O0l5Kn 

EVAIX ATE: Xichromc Itke moit meial lie conductora haia pouin c a and ¡t* re»itancc increaies mib 

tilinte .itur j. ] i--: ti y. ncií-i-i"* ^" and m Ji-. r. j 1 
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25.» IdevtifV: R, + a{T-T t )] 

SET UP: J^s2173fl. «,-215.80. Forcarbon, rr-M>.00050<CV- 

Kyam-atk: For carbón, a \% ncgatívcio /fdcacait^ ai r mercase*. 

al 

25.29. loEVnrv jjh! Sur Uft Appty /f - — —lo tfctcrmme ihc cITcet uf nKrej*mg/J and L. 

A 

ExucTTE: (a) If 120 strand* of wíre are placed xide by *idc* wc are crTeclivcIy xncrcatzn^. ibe areaof the currenl 
wjtoí hy 120. So the resutance u smaller by ihat factor: #-<560* 10 *fl) 120 = 4,67*10 *fl 

(b) IT 120 Mrand* of wirc are placed end eo end. wc ate cffcciivcly liKicwnií the Icnglhof thc w¡rc by 120* and *o 
Jí -(560*10 '01120-6,72*10*0. 

EVAI.l'AYE: Placing ihc tfrandi by i*dc ctecreaxci thc resistíante and placing thcm end tt> end incicasei the 
rexislance- 

25.30. iDEVTirV: \Micn the ohmmclcr i* connecicd hciwcen the opposiic fice** Ihc currcni Pxnv* aking it* lengua, bul 
wltcn ihc meter « conncctcd bclwceti thc innerandouter Mirlacc** thc currenl í\ws radial ly outwani 

<■) SET ITr: For a holtow cylinder. R - pL A. » here J - n ¿ : *r i 

al (2.75*10 ' n*m)(2.50 m> 

EXKOiTE: R-pUA- \ -1 r „ - 2,00 * 10 íl 

jt(* j «1(0.0460 «V -<0-0320 ra) 1 1 

i¡bí Skt ITr: Fot radial curren* flow from r - ti to / - K R - \p2sl\ m(rVa)<I-xarapfe 25.4) 

EXECHIE: g.-g-fc,,^), 2 - 75 - 10 '"^!»!!^!!! -6.35. 10" n 
2jt¿ 2t(2-50 m) \lMcak} 

EyaixaTE: The resistance b much smallcr Ibr thc radial llow bceausc thc cuircm fi\ms thrnuuh a mucb utiallcr 
düiuncc and ibe arca ihrough tvhtch ii Raw* a much targer. 

25.31. EDMIiVa V%e R lo calcúlate R and then apply V -iR* P-VS and encrgy-fV 
SKVUn Fotcopper. ^ = 1.72*10* finí. ^ ■ ir* . wtiere r- 0.050 nt 

EXENTE: W jrA'' B ^ D ^ lrt *.UI9Q. y-«-(125A)(0.219D)-27^V- 

ib) 1*^7 -(27.4 VKI25 A) = J422 W s 3422 and encruy = / , r = (3422f*KJ600*)= 1^3*10' J. 

EVAIA'ATE: The ra te of cketrieal cncrgy í™ In the cable h large. over 3 kW. 

25.32. lotivntT: ^"hen current pjwv tluough a baiter\' m the dircciica frora the - terminal totv&rd the * tcrmíml. the 
voltage l^of ihebjtiery i V^-£-tr . Alu» r t\ k - IR. ihc poiemUI acn»t thecircuit reurto* 

r *r -tM# **\ 

21.2 V 

rf / 4.00 A 

E\ Al t atk: The vokagc <lmp acrou thc iniemal rcM&iancc of thc batler^* causea thc terminal voltaec oj (he 

baitery to be leu (han it* emf. Tbc lotal retinante in ihc circuil h R*r - í>00 ft . / - " J °^ - 4 00 A. nhtch 

6.00 íl 

jgfee* wíth the valu? ipecdlcd in ibe prob^rn- 
IDEVTIFV: V-£-!r. 

ftEVUl Tbe graph give» K-MVlAn / - üanj /-2.0Awhcn >' = 0. 

EXECUYE: (a) f b equal (o Ibe lerrrúnal vollage wben the currenl ii ¿ero. Fn>m the graph, thb u 9.0 V. 
(b) When ibe lerminal vollage i* /ero. the potential drup acrD»f the intemal resifiance i* ¡tul equal in magnitud: lo 
the intcrnal cmf. w ri - € . whkh gives r - í" // * 19.0 V>'|2,0 A) - 4 S Q. 
EVAl.t'ATE: The terminal voltee ckeTea&ei a* ibe currenl througb Inc baticry incTea&et. 
25.34. tm) Ii>i:.\tikv: The ufcaffícd ammeter ha& no reiúrancc «i Ihcrc b no poieniial drop acroit n Thcrcfore íl acti 
like a ífahort circuil acroxt Ihc lerminaU ofine baltcry and remece» the 4 h 0()*íi reiblor from the circuit. Thui the 
onty retbianee in Ine circuil i* the 2.00-fl intcrnal rcwtancc ol the baltcry. 
Up: V*e Ofara'% la*: /-í*. 

/ - (10.0 VOT2JH) - 5.00 A. 
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tb> The zcro- rabonee ammeter U ín rundid wnh lbe 100 í 1 rciiitor. %o a II the cunen! gocs througb lbe ammeter. 
Ifnocurrtnt goes througb lbe 4-G0*fírc*Í£tur* lbe potcntial drop jenm ii mu*t be /ero. 
(el The terminal voltage b ato «¡nec ihcrc ii no poten t tal drop acrou thc amnicler. 

EVAJ.CATE: An anmicrcrshoukl tretw be connecicd iHiis way bccaiwc it woukl %criou*ly aher thc c tremí' 

25.35. lofcvnn - : Inc terminal volia$e orine baitcry i* = £-tr. Ttac volimeter rcad* thc potencial dilTetence 
bciw-ccn it* terminal*. 

Ski Up: An ideal voltmcicr hai infinite tCMstancc. 

Emxi iTE: (a) Sinee an ideal voluncter ha* minute rc*¡*iancc. io Ihere would be NOcuncnt ibrough the 
2. DO resistor, 

<b) r t = £=5.0 V; sino: Inercia no currcru^crcb^ 

(c) The vi^imcicr rcadinc u thctemre 5.0 V sirve wuh nocurrent flowwg inerc i* ni> voluge drop acrox* cilher 
resislor. 

EvaIX'ATE: Thn nol ihe proper wjv to connect a voltmclcr. II Ve wi*h lo mcaiurc ihe terminal voliagc of thc 
baitcry in acimiii thal docs nol ¡nelude ihe voltmctcr. then corutcel the voliniclcr aero» lbe icmiinal* ofihc baitcry 

25.36. iDKvnn: The *um ofthe potcntial changes ¿round thc cxrcuit loop i* /ero. Potcnüal dccrcoscs by IR when 
going ihrougha rcsblor ín the dirceiktn ofthe curren! and tncrca*cs by £ when paníne thtough an emfin the 

n the - id - terminal. 

l'P; lbe eurrvnt b counterclocfcmie* because lbe 16 V* baitcry determines thc direebon oí cunen! flow. 

+i6.ov-s.o v-/o<6fl+¿ofi+i¿ ft+*-o n>-o 

I6.0V-S.0V 



¡ ■ 



0.47 A 



i6nr5 t oíiiMn+9on 
n»> i;-»i6.ov-y<i.6ni-i;,«i K - -j;«K^*i6.ov-(i.6n)<o.47A>ii5.2v. 

|c> r ■ • ' ■ ;■ i i C3 ■ " i i l j . i V m -(5.00*0.47 A)-Hl.4nj<0.47A>i-gflV = ll.0V. 
(d> The grano U ¿kcicncd tn Figure 25 36. 

EVAl.CATE: a (0.47 AK9.U U)- 4.2 V. Thc poleniial at poinl b ta 15.2 V below thc polcnlial at poinl a and 
the potcntial at poinl c \% 1 1.0 V Ivi™ the poicnual al poirtt u, *o thc porenial of poinl cú 
15,2 V- 1 LO V = 4 2 V abow: the potcntial of pomt K 
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25.37. iDEVnrY: ThcvoltmeicrrcaikrhcpoientUldirTerencc l\ K berween lbe lerminaU oflne haitery 
StT ITp: EES5 ¿ir¿uit / - 0. The citeul b <dcecched in Ti^ure 25.37a. 



EXF.rirTK: - f - 3 0K V 





Kíjtüre 25J7a 

SKI VPz ^wjtch c tosed Tbc eítcuil ín «kelched m Figure 35.37b 



'J 




vw 



r # »f-fr^2.97V 

f-2.97 V 

r 

I 

V-297 V 
íí^A 



^ 0.067 fí 



PlgUt 25.37b 



r ?Q7 v 

And 

y 1.65 A 

EVAl.CATE: When eurtcnt Jlow* throu^h the baiter>' there n a \«hatie dntp acrtHA il* intenul re^btance 
tcrmirul \\ihaue TUk?» trun it^eml 



.1:- 
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|p*:\nK\: Tne Mim ot'tltc notcntial changa ¿round thc k*op :* xcn> 
Skt l Jp: Tbe vohmctcr iwkU thc IR votiagc acto» thc 9.0 £1 rc%¡rtor "H>c cutreot i 
rounicrvlockivi*c frccau*c Ihc 16 V* baitcry determines thc direcboo of thc cwrcnl flow 
Execi n (i) H -l.9Vgho/ = r fc //^ -IJV/MO-tttA* 

i> ItOV^UV-OJO+Míl+Ma+fXttlA) and /í-lill- :o ]^ 

le) Thc gfaph i» ¿kclchcd in Figure 25,3», 

Evaj.CATE: In E\crci%c 25-36 ib: current U 0.4? A. Whcnthc5.0fl resistor i* 
thc ctirrcnl decrece* (o 0.2 1 A, 

■ A 




bythe26 1Í1 



25.39. Ul iDKNYtFY ;utd Set llP: A**umc thal ihc 



5.0 11 



Figure 25 J8 

current i* clockwíw, The círeutl ih xketched in Kigurc 25.39a. 

,6flV «o * 



MU 




Figure 2539» 

Add up Ihc polcnia) me* and dropi as irivcl dockwi*c around Ihc c¡n:uiL 
ló.O V-/(l 1 6n)-/(«íl|tl0 V-/(Míl)-/(5.0 n)=o 



16.0 V + R.O V 



24.0 V 



Ul A. clockwttc 



EVAJ.CATE: Thc 16.0 V baitcry drives thc currctii ckttkwuc more sironuly (han IbcK.O V hattcrydoe* in thc 



(ht [i»t.\iit\ and Se? UP: Sbirt al potnt a and tiavcl ihrough thc baitcry topoint kccmng iruck of thc potcniial 
¿han^e*. Al point A thc potcntial ¡s * 

EXEOilK; * 1 6.0 V - J| 1 .6 fl) a V % 

P^-li*-IWIV+(MIA)p*#n) 

p^ « -16.0 V +2.3 V --13.7 V (porcia ia al lower poicniial: il i* ihc ncgativc letrranal) 
EVAI.IATE: Could aUo gi> counlcrckickwi»? (rom a lo b: 

k # +(mi A)(5.on)«-(i.4i a«i 4íii- mí v • / i.4i A)(9.o n)=r ( 

J^a-UJV, wbichcheckv 

íc> lotvm\ andSETtTP: Sute ai pointdand travcl ihrough thc baitcry lo point e* kccpm? track or Ihc potcntul 



executk: r 4 + i6.o v-/(i.6n)-/(9.on) = K 

K-r = -l6.0V + (UI AXLón+Mil) 

¡ ; » -I6fl V * 15.0 V - -LO V (porci » fc al lower poicniial than 

EVAl.l'ATE: Could abo gi> counlctckickwi»: (rom a loe; 
p^+(MI A H 5 0 11) ♦ | L 4L A)(L4fi)-M V»K 

r s-líV, wbichchcck*. 



í'uircnl, Rriia^KC. jrJ rictffomocive Fsirce 2S-9 



(d) Cali the potcnita) /ero al pnint tf Tnnel eUiekwis: a round ihc circuil. The granh \* sketehed in Figure 25 ,39b 




Figure 25.39b 



IdevtifV: (Mmi'i luw say% — «acmsuni 



Si: r II" luí The graph ¡* viven ¡n Figure 25.4<ta. 

EXíxtTE: <bl tto. The eraph of r t ver*u* / i* not a slniight linc so Thyriic tíocs nt* ubey Ühnf * law. 
lc> The craph of R w&ux í b given in Figure 25.40b. R i* nal constar*; ít dcerc&se* as í increasev. 
EVALUATE: NtH aIL material* obey OhnVs hw. 





oro ion loo \ro 4ixi 

/(a) 

<•) 

Figure 25-40 



>0Q IjOO 



Í00 HO *0) 
/(A) 



25.41. IdevtifV: Ühm's law *a\ * — 1> ., t* iniiani 



Sii IV: mi The ciaph i* guen in Figure 25.41. 

EXKTtYE: (tai The graplt «f IV venus / un siraight linc se* Nichrttme oheyx Ohm's 

15.52 V-L94 V 



3,88 íl 

4.00 A - 0J10 A 

re*ull UnR. tf-3,8SQ 




25.42. lDEvnF¥mLSKrl.V: Fe* a resistor. #»*!7-r Rand V-iR. 

EXKOJTK: M R- — ~ <15J V> - 0.6RS íl 
P 327 W 

(b )/-Íl- 1SJ>V -21.8A 
Jf «AHS í 1 

f 3^7 W 

EVAl.CATE: Wc coulií also «btÍIc /* IV lo calcúlale / -— 21 H A. 

V 15.0 V 



2M0 <1uipt«T¿f 



25.43. IdevtiFY: The bulbs are eaeh conncclcd acrou a 120-V polciiUal diHcrence. 
SEf UP: U*c P - r"jW lo solve forif and Ohm's bw (/ - K*) lo fiad thc curreni 
EXKOilK; - rV/*-íl20 VrilOOW)- I44ÍX 

<b) - &P - ( 1 20 V^ftO W) - 2 JO il 

(cIForlhe 100-Wbulb: I-V/R -(120 VHI44Q)-0.B33 A 

For Ihe 60-W bulb: / - ( 120 VH240 í» - G.5O0 A 

FAAM'ATE: Thc 60-W bulb has mor* rciistancc ihan ihc I00AV bulb. h> il draw* le» curra» 

25.44. iDEVnn : Actos* 120 V. a 75-W bulb iíisupak-s 75 W. Use Ihw íaci lo lind ib rcs¡*lancc, And Ihen finó ihe 
pmver ihe bulb ditMputct acnns 220 V. 

SD UP: P m ftM, *o - V*IP 

EXKOiTK: Aao»l20V:ií-<120Vri75W)-l92aAcr™a220Vliní,iupo*^rwillD^ 
í220VV<i92íl)-252W. 

EVAJ.CATE: The bulb disúpaic* mueh more power acra» 220 V, so n would likcly Wow oui at ihc ruwhcT 
votlagc. An ahcrnahvc solution to thc problcm i.% lo tikc thc ralioof thc dowct*. 

ik.í^í* J*±1jB»t Tl« g i«r at = (75w/^Í-252W. 

25.45. iDEVnrV: A "I0Q-W Lun^ican bulhdiuipaic* 100 W when used wow 220 V. 
4a) StT ITp; Takc thc ratio of thc po*« ¡n ib: US to thc pmivr ¡n üuropc. ai in thc aJlcmativc mcihod lor 

25*44. mm*P- 1** 



A (*vJ l220Vj ^ l * (220V 

IbtSKTUP: Uímt/*- /rtofindlbccumrnt* 
EXECtiTE: / - PT- Q9M WMI20 V) - I3H A 

EVAJ.CATE: Thc bulh draws cor&idcrably lew powci imhe U.S., *o it *ouW he much damnvr tlun m l-ni^. 
EDUIIW3 P = Vt . Energy ■ ft. 

Ito />«(M vko.13 A>-i.i7 w 

tncrgy-(l.l7 WMI.5 hMJ600 s/hl - 6320 J 
EvaJXATE: Thc crtcrgy consumed ¡s prapoctional lo ihc volUge. to thc curren! ind 10 thc lime. 
25.47. tDDmn and Srr Ur: By definition P--££ u&e P=W* E=VL and f m M lo rcwrile thb expresión in icrira 

of thc spccifcd variables. 

¥1 

EXECUYE: ía) £ is rclaicd lo VuidJi* rclalcd lo/, mi use P - Vi TtiUgiven ,» - — 
— -£ and —~J%op-EJ 

ib) J \* rclalcd lo / and p U rclatcd to R w une P = IR 3 . Thh gtves p ■ i-¡l 
<ct£tirtfatedu>»'aod i* rclalcd lo & «1 irte P-t' ! P Thbgim » 



V -EL and /f - - — mi/j- 1 - — 



EVAl.t'ATE: for a gi«:o material | p con»lant).p i» pconortional lo J orlo£\ 

lDEVnr\': Calcúlate ihc current in ihe circuít. Thc poMcroutpui ol*a batlcr}* U iti terminal voltage times ihc 

^irrcnl ihrough iL The powcr diwipaicd in a resistor i* I R 

SET I r: Ibe sum of thc potcniial changes around Ihe circuít i* mu. 

EXECVTE: (a) ; lili 11 r v. Then /^ = / J íf-(a47 A)*(5.0fl>-LI Wand 

= / J JÍ ^ (0.47 A) J ^.0n> = 2.0 W. 
H»> if áV »ír"-/ a r "(lfiVKQ47A>-(047A) 2 (l.6n)"7.2W. 
íc> /* v =í"/*/r 3 -(8.0VM0*47A)<-(0.47 A>'0.4ni-4J W. 

EVAI.CATE: (di ib)-U)T(c). The rale at which Ihe lo.O V hatten oVhvcr* ckvuical cncqíytothc 
n|iiali thc rote al which il i* conMimcd in Ihe R.O V baitcry and thc 5.0 H and 9.0 íi rcsulorv 



í'urrcni. Raíame, and I kvuvc^mvc torce 25*11 



=63x10-* m'íi^p.OML 



25.49. (■) UKNTtKY and SitI p: P-Vt and cnergy - {pt*vcr> x (lime). 
EXKí'tTE: P=VS-[\2 V)(60 AI-720 W 

The baltery canprovide Ihi* f*w 1,0 h so ihc encrgy Ihc baticry has slored i* 
U*Pt = (720 WH3*00*J- 2 6x10* J 

(b) iDEVtm and Si:r l'i*: For gaiolinc ihc hcat of combustión ú £ L - 46-* ltí J J\c. Solvc fnr thc rrcun m 
required to supply thc cnergy eakrulatcd in pan (al and use densíty p — ju? V lo calcúlale í '. 

ExecUTE: Thcmas*of gasolinc that supplie* 2.6* 10* J » w _^_^_L - 0.0565 

^ w 46x10' Jkg ^ 

The vülumt of ihis mas* of gasolinc b 

00565 kg 

¿"WQkgm' 

íc) lOEVtTEV and SKT Up: Energy - ipowcrl x {lime}; the cnergy is lint calculalcd in pan un. 
U L6x|f/J 

ExeCUIBs ■ -5800* = 97 muí -1-6 h. 

f* 450 W 

EVAMMTR: The ballcrydiscbargcs al arate of 720 \V<fbr 60 A) and Uchargcd al a rale of450 so ¡t lakcs 
lonitcr tu charge than lo ditchargc. 

25.50. |pEvn*\: Thc rale of conversión of chemical lo clectrical encrgy in ancmf is El . Thc ralcof dissipalion of 
elcclrical cnergy in a ranrtm R ¡s 1*R. 

SETUP: Exarnplc25 IDImdsthai / - I 2 A for Ihis circuil. In Example 25.9, ¿7 = 24 Wand íV"ÍW. In 

Examnlc 25 JO. t~R - 12 W ,or 11.5 \V if expressed lo three signiftcani fígures. 

EXSCtTK: M /*=£*/ = (12 VHi-2 A> = 14,4\V .Thc* w lc« iban the previous vahie of 24 W. 

<b> The cnergy dwsipatcd in the baltery» r= l : r =<l 2 A> J (2.0n) = 2.9 W. Th« « k« itunSW. iheamouni 
found in Lxanrolc (25.9). 

(t) Thc ncl powcr oulpul of the bancrYb 14.4 W-2.9 W -1 1.5 W . Ihis i* ibc same asihc power dissipalcd in 
the 8.0 £1 rtsütor. 

EYAl.CATE: With thc Largcr circuít rcsrciancc Ihc curre nt ii leu and Ihe noucr inpul and penver consumpikin are 
le». 

25.51. IdevtifV: Somc of ihc pottvr gcncralcd by thc micmal cmf of Ine batlcry ¡sdctsiputcd across ihe baltery *x 
invernal rexUlance* ui ii » not avadablc lo Ihc bulb. 

SKT Ir: Use P - I tt and lake the ralio of Ine powcr di vtipaicd in Ine inlemal resistance t lo Ine lolal powcr. 

EXFXliTE: Jj—^—Lí — - 3 ' 5Q =0.123 = 12.3% 
P Jm ¿ r{r + R) r+R 2&5Í1 

EVAI.CATK: About KX%of ihc powcr of Ihc haitcry goc* lo ihc bulb. Thc rc*t appem a* heal in Ineinlcrnal 

raútamoa 

25.52. iDEVnrV: Thc voltmelcr rcaik the lemúnal vollageof thc baitcr>'. uhich n the potenlial diiTcrcncc acn«s ihc 
appliance. Tbe terminal \s4iage i* le» than 15.0 V becaute wime poicnlial rt kwt acro«* the interna! rctblanceof 
the baltery. 

(aiSETlTr: P- }*;R$im thc nouvr dUviputcd by thc appliance. 
EXEClíTE: r-(U.3 V) : it75.0n>* 1.70 W 

ih) SKT Up: Tbe drop m terminal \ohacc < ¿' - 1 ^> i* due lo Ihe poicntial drop aereas Ihe intcmal rciutance* r, 
Une ir - £ - to find thc inlemal resistance r, but firtf Jrnd ihe current using /* ■ /I" 
EXEtlTE: J-/*T-(1.70WMll .3 V)-0.IS1 A Thcn/r-f -K^gives 
(0.151 A)r- 15.0 V- I L3 V and r- 246 a 

E^Al.t'ATE: Thc full 15.0 V of ihe baltery would be availablc onty when no current (ora very tmall currentk ii 
llow + Íng in thc circuil. Thu would be thc ba^c if the appliance had a rc*i*iancc much crcaicr than 24.6 IX 

25.53. lofcvnKY: SoKe Ibr Ihc currcnl / in the circuí Apply Eq. i 25. 1"i to the specífted circuit clemente to find thc 
rafef of c rtergy conversión. 

l T P; Ibe circuil i* iketched in Figure 25.53. 

f - 11UV 

EXKCt T£: Compute /: 



'1 



f-fr-/ÍT = 0 
I' !._£■, l20V -2.Ü0A 

r + R i.on*5.on 



rí - J.o n 
Kigurv 25.53 



25-12 *Ti*ptrr25 



<■) The rate of conversión of chemieal cncrgv lo eléctrica) energY in Ibc cmf of thc battery ¡* 
W/b(I2J V)(L00A)-24XI W. 

<b> The me ofdU*ipal¡on ofclccitnl cncrgy in ihe interna! rciisUncc afilie baitcry ii 

/*= /V b (2.00 AJ a (lon) = « W. 

4clTlx- w»i'<li«ipaiitwi»rdti»tK*l«ncfyy in thc cxlcrral rcutfor /f i* /' / « | :.(>:* A» í 5 í* 11» :oo W. 

EyaJX'ATE: The rote of produciion of ckctrical cncrg> in thc circuit ñ 24.0 W Thc (otal me of corviumption of 
decimal cncrgv in thccircuii « 4.00 W * 20.0 W ■ 24.0 \V. Lqml rote of produciion and eomumplion of 
clccitral cncrgy are rcquircd bv cncrgy con^crvaiHin. 
25.54. Idevtvy: Thepowerdclrvcred tothe bulbii i*R . Encrgy-Jf. 

St i l.Tp: Thc circuil h tkcichcd in Figure 25.54. r tM 4 ii thc combincd internal rraUiuncc of both baticnci. 
EXJX'UTE: U) r w -Q. Thc *um of ihc potcntial change* uound thc circuit ü zcn>, 10 
1.S V + 1.5 V-J(17fl)*0. / = 0.1765 A. ^s/ J J|s(0J7ÓS A) J (17n> = 0.53OW. Thúitita 
(3.0 VM0J765 A). 

<b) Energy -01.530 W)(5.0 h)(3ÓO0 i/h)- 9540 J 

Thc sumof Ibc polcnlidl change* around ihccircuil iizeto, *o ] 5 V t ] 5 \ r - IR - Jr^ ¿0. 
J.OV-(0.125AXI7n) 
0. 125 A 

EvaI.CATE: Whcn ihc ponerlo thc bulb btt decn:a*cd tobalf ilsiriilial valué. Ibc lolal inlcmal rc*i*tancc of Ibc 
iwo batlcrie* U oculv h+ilf thc rc*istanec of Ihc bulb. Compared to a tingle hiiicrv, wng t™ identieal baiteric* in 
¿cric* doublc* ihc cmf but aUodouMc* thc total interna! rcsUlancc. 

■/.'■/ — 



1Hi 



w 

i?n 
npm 2554 



25.55. IdkvtifV: P~I ! R- — -VI. V-IR 



SerUP: Thc 



rwuumc* 540 W whcn I-*«I20V. Hnergv-ft 



V 1 V* (120 VI* 

EXEtliTE: W¿>-_ ,!_¿-«26.7fl 

P 540 W 

(b) P-Vi*o t- — - -4.50 A 

V 120 V 

\k\ Awuming tiutfl (entuna 26.711. P = — - <U0V> «453 W. P ¡mrnallcr bv a faclorof (1 I0V120) 

Jí 26.7 Q 



EVAI.CATE: (di With thc towcr linc voltagc thc currcnl will decrece and thc opereling icmpcraturc will 

d cercase* R will be le** than 26. 7 O and ihe powcr coniumcd wil I be irrealer than ibc vakie calculatcd in parí <cí 



15.56. IdevtifV: Vnm Ea (25 24y p ~ 



777 



UP: Foridicon. p - 2300 íl ni. 

W r- - - . *"■">>. ,1.55.10», 

EVAIXATt: (bl The nurnber of frec eleetrons in eopper 10' m -1 ) rimuch larger than in puré «ilicon 
(LOxltf* m"l A Mmllct den«ity of eurrent earrier% meanid hlgher resblivity. 

25.57. u> Umm and UP: U« R 



v, (0 104 £1)t(L.25x10 ' mi 

EX>:t tIE: P-—-1 1-3-65x10 'H m 

L 14.0 m 



Currcnt, Rcsiaance. and rJccuomntivc Forcé 25-1 3 



EvajXATE: Thrt valúe i* *imt)ar to that forgotnl metadle conductor* inTaMc 25-1- 
4b) IdevtifV and SKT I r: Uve V - EL lo calcúlale £ and ihcn Ohiri* la* ¡m l 
EXECUTK: V~EL~{\M VSai)(l4J>m)sl?.9 V 

J? D.IDIO 

EVAlAATC Wc coold do ibe calcula»™ another way: 

/i USxMT Oro 
f ■JMvf&SIxltf \m |r(i 25*10 m)' -172A. whichebeck 

<c) IdevíifV mdS*:r Vn Calcúlale J = if A oeJ -E:p and thcnuw [;q< (25,3) fot Ibc largct variable v á . 
l'AH ni ; J - ■ |l| I = iMTj 

v,-^-- 7 " ! VJ ,AW u ^258x10' m* = 158mnVs 

EvauaTE: Even for thii ven- torge current the drifl ipeed ta mtoI! 

25.58. lüKMin: Lsc # -1— lo calcúlale the rcstaianccof the jsílvcr tubc. Tbcn J-P/ff. 

A 

SKTUP: Forsttver. /» = L47*ID"* £lm The lilvcr lube i% ¿ketched ¡n Figure 25.5R, Sincc (he thickneu 
7" - 0,100 mm ta much imaUer Ihan the radiut. r - 2.00 cm . (he cío» %cclton arca ofthe ulvcrii 2xrT* The 
lengib of the tubc ¡i J ■ 2S.0 ni. 

r v v VÁ VO*rT\ (Í2VK2TM2.00xlO , mKO 100*10 l ro> t __ _ 

R plfA pl pl I I? ■ M ' íl m.-:í.Mn¡| 

EvaJ.CATE: The rc*tatancc ii %malL # - 0.02*12 tí .so 12-0 V produces a large curren!. 

As 




■ í*ure ZS58 

25.59. IdevtifY and SeT 1*p; With ihc voltmdcr conncclcd acrou the terminal* of Ibe batiery Ihcre i* nocurrem 
through the batiery and Ihe vtiltmcicr rcoding ta Ihe Kttiery cmf; £ ■ 12.6 V. 

With a wírc of rcs¿* tance R conncclcd lo ibe batiery current / tlow* and £ - Ir - IR - 0. \vhcre r i* the interna) 
rcstaloncc of the batiery. Apply thi* cquation lo each piece of wirc lo gct lwo cquation* in the l^o unknownK 
EXKtiTB: Cali the rejonee of Ihe 20*0*ni piece JT, : then Ibe resrttance of the 40.0 m piecc \% R : ~2R^ 

£- t t r -/,J¡i= 0; 116 V-(7.00A)r-(7.00A)JH=O 

f-/,r-/j(2Jl)«.0; »2.6V-(420AJr-)420AH2*;|»0 

SoUing the»: t*o eujualions m two unknowm giws J?. ■ 120 ÍX Thíh üt the r&iitancc o! "20.0 m. *o ihe re^uiance 
of one mrier b [l JO O ( 20.0 m )][ 1 .00 ro l - 0.060 tí 

t \ \i i ati.: We can abo wlw tbr r and we gel r ■ 0.600 O. Whcn mcjvunny smatl rctblances. the interna! 
reniálancc of the batiery ha* a Urge clTcct. 

25.60. Ii>km ji-a : Conten ation of charge rcquire% that the currenl it the tan»? in bolh tectioni The voltage dropa 
acrou each section adcL *o R-R.tR . The total njvMMI rs the wtm of ihe nAlW of each McÜQ*. 



E * pj - — ,%o £ a Íí. t «fiere X n ihe nrtuiance of a tcciKin and ¿ b tu lenglh 
A L 

SKTlTp: rorcopper, =1.72k10* O-m. Forwlw, /r A =L47xl0 " fl-nv 



2Í-U ítiaptrr 25 



ff £^ = (l-^. l 0'n-n,) l l.2.n )ja0Mfl 5£V , M 

* ^ (jr/4X6fl*ia~* mV D049 n * OJXO O 

The currcnl ¡n ihc coppcr wirc b 45 A. 

Ib) Thccurrcnt in thc «Ivct u ire ts 45 A, tf* wmc (hat in ihc ctxipcr wirc or cl*c chante would buikl un jí Üieir 



E valíate: For ibc coppcr ¡ection. *; 4 -fl^ 4 -2.21 V, Note thil F^+^ - 5 0 V. Ibc volUge m 

(he end* uf thc campo* j te wirc> 
25,61. Ii>KMih\: Cunicrvation *if charle tcouucs tlut Ihc cunvni be ihc vimc m b*tfh «ectians irf thc wut. 



-4: 



E=pJ = £L w For cacti ¡tetíon. í H - Hf-./JJs- 



ExurtTE: (a) Tbe curren* mu*i be Ihc *amc ¡nbnth sccixrtttof thc wirc. io Ihc cutrent in thc thincndü2.S mA, 

id) V*K.i | f ii M * J ^| M r ti^ P*<2.14*10'* V/m)(].20 m) + (K 55x10 * V m* 1 Mi mi - I M) * 10 4 V. 

EVAJ.l'ATE: Thc cúrrente ore ihc orne but ihc cutrent dcmiiy ls lar$cr in Ihc ihinncr section and thc clcclnc ticld 
¡* larger thetc. 
25.62. EDDfnm l-JA. 

t : P; Frorn l'xampk 25.1 . an ]H»gaugc wirc ha* J - 8.17 x 10"* cm\ 

■ <•> / -.¿4 = 0-0* 10* Avui'KK ' cm 1 )-820A 

(b> J:J = (1000A>/(l.OwlO* Acm ; )-L0«10 'cm' . A-xr : *o 
EVALUATE] Thc*c wirc* can carey very large cumrnu 

(4i lm:\Tll v: Aprity Eq (25 .10) ta eakulate ihc iemtam:e nfcach ihm disk andlbcn intégrale over thc 
truncated conc tu find Ihc loial rciiit&ncc* 
UK 

ExixiTE: Thc radw* ufa 
truncated conc a dülancc y 
ib» ve ihc bollam U given by 

with /J = (j¡-#;)/A 

FiK«rv 25.63 

Con*i*k*r a Ihin ihcc a dutancer abure ihc boitoni* Thc %lkc ha* ihkkncudV and nidias r< Thc rciiitmcc nfibc 
ib«H 

Thc ti^al rcM^tancc of ihc cvnc (foNaincd by inicíiatmí over these thin «licc*: 




Curren!. Rciiowc. and Lkcix<entmtc Forcc 25*15 



I _ J 



P 



■ ■ , r 



ih) EVALCAYE: Lct jgarjBr. Tben ■ phíxr 1 = pLi A wbacA = xr* and £ - A. Thi* aeree* wiih 
Eo, (25.10). 

25. iDEvnrV: Divide thc región into thin *phcrical *hclUof radium r and thuiknos Jr. Thc toial re 
*um of Ihc ( e tütancc* of thc tbin shel 1* and con be obtained by intcgraiion- 
SKf Up: I-Y:R and J - /.' "4.w". where 4*/* ;t ihc nurfate arca o! a \hrll ¿tftaditiA i\ 



<c> ll" thc thitknosof thc *hcll* ¡* *ma)L then Axab * 4.w* » thc turfacc arca of ibcconduetinjí 

EyaI.I'AYE: Thc curren! derteity m thc material \% proportional lo Wr\ 
Z5.65. IdeviiFY and Set Ur: U*e E*pJ ta calcúlale thc current dcmity helween thc plato. Leí A be thc orea of cach 
píate: then/-J4. 

EXKttJYE: J - — and E - - 



Trun 



P A*. A*. 

— ^- — nnrl / ■ Jil ■ ' , a* wa* lo be «lima. 
KA<.p h*.p 



Evai.CaiK: CsJC^rfand V -Q<C-Qd K^A *o thc re%ult can oto be writtcn « t-YAdp Thc 

rc*i*ianccof thc dieléctrica It-K// *dp A. whkh ogree* wim Eq. (25JO). 

25.66. ipEvnrV: As thc rctiitancc fC vitrm. thc curren! ¡n thc cirviñl alto vano. wh*ch cauto ihe potcntial drop aero» 
thc interna) roi-iloncc of thc haitcry to vary. 

SeT Up: Thc largol current mil oceur when R - 0. and ihc «mallot current wdl oceur w hen R -* x. Thc larectf 
terminal voltage will oceur when thc current i% /cn>(A > * I and thc «ralle*! terminal valtacc will be »hen thc 
eurrenl ¡x a máximum !#-<!» 

EXECUTE: (ti) A* A* -* J-*0, *o K*-t £ - 15.0 V, whkh ti thc (orcen reading of the volIrncleT. Whenff - 
0, the eurrenl i* fajnfM at (15.0 Vf(4 + O0Q)- 3.75 A, soihe imalkit terminal vntiage ii^-f -rf - 15.0 V - 
(4.00 Q)|3.7S A)*0. 

<b) Trom pan laK Ihc máximum eurrenl n 3.75 A wben R - 0, and ihc mínimum curren! i» 0.00 A when > v 
<c>Thc^ rapht are ¿kcichcd in Tigure 25.66. 

EyaI.IATe: Jncrea^ing the re«iitance R incrcosc* ihc lerminal vtTltatJ.c. bul at Ihc «ame time ii dec reato thc 
eurrenl in Ihe círvuit 

1J.0V 




25.67. iDES-nn': Anply R - SL. 

SETUP: Formcrvur> al 20 Q C, ^^9.5x10'* n*m, a - O.OOOBg (C*) ' 

n pL (9.5x10 O mM0.12m) 

EXEtruiK: (a) /¡-í— 1^00570 

A (.T.JMOOOlhmi 



2M6 Chapuz 2J 



lVt> f*T* /MJ^.iA/ » gira ,»lW» <l -<**v- I(l íi m*;l ■ tHOi»NS|r i ')(40< ' • . **.Ki. MJ ' íl nv %ü 

V-3 MxlO 'n-iiL 

(el Af - ^T«&T give* AAL ^ A ifli^AT) . Thcrefore 

óL^fiL^T^xW* <CVM0.I2 mX4<IC»>^»A4>rl0* «»8Jt«m ThícwnwiaialAKaoflhe 

mervury rcmaim constan* becaute thc diamcicr of ihc glavt lubc dotfc«*t elunge, All of thechange in volunte of (he 
mervurv musí be acconuncdalcd bv a chingc in lengih t>f the mcrcurv column. 

^3^4*10*0^12 m)^^ 

|^4M0XK>16mV r> f 4X0«OI6ra> ! 
EVAIXATE: <e) From Equation (25.12), 

"^(i-0-^( lo °""¿??;'°'"' -')-''-'°''"'' 

Th« valúe i* 25*4 grcalcr than thc Icmpcralurc cotf5c¡ent »í rc*islivny And ihc lenglb incrcrac n iirftorttnl. 
lotvnFV: Cnniricr thc rwtcniial etanges ammd uSc circuí! . foracottinkic loopüicnini of Ibc polcntul 



Si i l'j' Tbcrc is a potcntul dropof /Jí ivhcti you pa&> ihrouch a rc«*lor in thc dirtciHm of thc currcni. 
«0 V - 4 0 V 

EXKOiTK: (») /- — j4Qñ — ~ 0J67 A * 'i* 8 - 00 V-/Í0.5O (1*8.0001 = 1^,» 
r rf =8.Ü0V-<0.i67AMS.50O) = 6JSV. 

h LK :cnniiul wtagcic r + 4.00 V */*0 .5011) ; ; and 

P fr = + 4XH) V * \Q 167 A) (0.50O) - * 4.08 V. 

<c> Addinc anoihcr boticry al pmntíí in thc oppoitilc icnsc lo ihc S O V boticry produce* a counicrclockwwe cinrcm 
wiih magnitude / - 10-3V^S0W 4.0V _ ^ ^ A ^ + v _ /((| ^ qj M ^ 

V± * 4.00 V - (0,257 A) (0.50 ni - 3 J¡7 V. 

EvajXATe: Whcn curren! entera thc baitcry al ii* ncgahvc terminal, a» ¡n port (c). thc terminal volugc is le** 
thaniteemf \Vhcn curren! enicn (he batterv al ihe po*iiivc terminal* a* in part ibi ihc terminal voltage i* crcaicr 
than iuemí 

25.69, Id&vtifV: )n caen ca*c writc Ihc lemunal voluge in icrm* of ;\ /, and r. Sincc / i* kmmii. thú give* two 
cquation* ¿n ihc iww unknou n* 5 and r. 

SKf Ijp: Toe buticry with ihc L50 A cunen* tt «kclchcd in l'itjurc 25 69a 

K u = s ; V 

/- 1-50 A f-(l30A)r-g4V 

líffure 25A9* 

Thc baitery with thc 3.50 A curren! ¡s dcclched in figure 25.69b. 

r á -MV 

NUDA í+(«A)r-MV 
Ftttnrc 25.69b 

EX>:ctTE: (n> Soh h e thc fxrsi cquatícn fcv and uic thal rcsull in ihc tecond cquation: 
£ V*(l.50A)r 

H.4 Vf(L50 A(r-»(J.50A)r-9.4 V 

|5.00Air-I.O V«ir- L0 V -0.200 
1 ' 5.00 A 
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tbíThen í" -8.4 V+(L50 A|r-SJ V *(L50 A){0,20n|- 8.7 V 

EyajxaTE: When ihc cutrcnt paxic* through thc cmf in thc dircctton fn>m - lo +, thc terminal vobage t% \c%s 
ihan ibc cmf and **bcn ii paisci thnmtjh from # lo — , thc terminal voltagc ii grcaicr than tbc cmf 

SKT l ip: Tbc total rcsüUncc is tbc retutance of ihc perran plui (he ¿ntcmal rcsi*iancc of thc powcr suprjy . 
y 14 -«io 1 v 
wfa TC a lo.»' n.awn - U7A 

4b) A) 3 <10xlO l 01=1.37x10' J- 13,7 kJ 

(c> Vi | (K> y \q"^A ^ ' ' ' ^ *~ '^* L * ,c *" lí " Ur4r ' °'* tnc powcr *upp'y w>ukl oced to be 

í4*lü* n-iOxio l n= Hxio* n- u mo 

Eyaixate: The curren! thiougn thc body in pan (a) ú Urce cnough lo be faral. 

25.71. iDEvnrV: R = ?L. V-SR. P~i'R. 

A 

SKT I r: Tbc arca of thc end of a cylindcrof radiuirii w*. 

,5.0n-n,K l .6m, = |0ii)>ln 

^<o k oso oír 

<b)K- ^-(100x10° AXI.0*I0* £1> ± 100 V 

m /*=/** mioo*io 1 A) J ti.o*io*n)-iow 

EyaJ.CATE: The rcMtfancc bciwe^n Ibc HajkI* wHcn thc *kin « wci U about a factor of ico !c« than wben thc 
tkin ih dry I rraWcm 25 ?0> 

25.72. lüsvnrc: Tbc eosiof opcraimg an apnliancc n prupottiutial to the amount of cncrgy consumed. The cncrgy 
on tbc powcr tbc ítem cumumes and ibc Icnuth of lime for whkh ii U opctaicd. 

Up: At a conitant powcr. the cncrgy i& cqual to Pi, and the fcrtal ecut is Ibc eral per kilowatt»hour tk\Vh> 
limes the b me ibc eneníy (in kWlt). 

EXECUTK: U) Use Ibc fací thal L00 fc\Vb - 1 1000 J.«)(36O0 *i - 3.60 x 10* J, and onc ycar contains 
3J5ó*IO : l 



1 1>t ¿3.60*1(1* Jj 



S7K.90 



lb> Al R behy. the tcftlgcrator nins for I V3 of a year Uiang the *amc procedure ai above give* 



EyaJ.VATE: Electric Itgbfctcan be a mNlaniül part of thccoM of clccrricíty in the bttme if Ibcy are lert on Ibr a 
long timef 

15.73. lotvnt\: Sel ibc turnof thc poleniial riic» anddtop* around the circuit equal ti> /era and m\\c for/. 
Su n- Ibc cireuil is iketched in figure 25.73* 

í- 12AX Exegvtbi 




t-lR-aS-fii* = 0 
pi-+{R+a)I-€^0 



K«u« 25,73 

The quadntic Ibrmub clvc* y - 1 h 2>? )J-| « * a ) 1 J(ií +Ap£ j 
í mu** be p*witivc t hi take the * sígn 
i»(l/2>J)^/íl-fl)*J(Jt*ffV*4>íf j 
/ * -2.692 A ■» 4. U6 A = 1 .42 A 

EVAl.t'ATE: For (his / Ihc roltagc acnm the thermúlor ñ £.0 V. Thc voltagc aere» ibc rcsUlor muM then be 
12 6 V-8.0 V ■ 4 6 V. and thu agren «ilh uhm\ Uw for thc rvtuior 



25-U <luipter¿5 



25.74. ta) IDE-VHFV: The rale of heating (powerUn the cable dependían (he potential difTerenee acrois Ibe caMc and 
(he resi Manee of the cable. 

SKTUP: Ihc powcr i*P - Pi'fi and the rcMtfancc lií - The diameter /) uf the cable 11 iwice id radlui. 

P - — - i i = - The electric 5cld ¡n ibecaMc i* cüxhI ta the potcniial diJTercnec acrau ¡ti 

R \ P UA) pL pL ^ 

etnli ditulcd hy (be Icnglh oí\bc cablee J: - V/L. 

l Aunn: Solving fbr/*and uting (he resiMivity of eoppcr givei 

Tw 1(50.0 W)ÍL72*I0* n-m)<ISÜÜm) . 



ÍF^ 1/ tí 220.0 V)' 

PQSErUP: E-V/L 

EXKOilE; £ - (220 V)ÍÍ50Ü m) - 0.U7 V/m 

EVAIXATE: Thn would be an cxucmcly thin (and henee fragilc) cable. 
25.75. iDEVnFY: The ammelcr acta ai a rciiitwce in the circuít loop. Sel (he sumof Ihc polcniial rrtci and drupt 
around the circuí t cqual tozero. 

<■) Srr Ur: The etreuit wilh the ammelcr n iketched in Figure 25.75a. 

ExmiT.: 



— i 

1 



r*R + R M 



Figure 25.75a 

UP: Ibe círcuil with ihe ammeter removed a ¿kcichcd in Fieure 25.75b 



]<\M i n : 

£ 




R-rt 



Figure 25.75h 

romhininu (he t*o cuuations give* 

(b) Want ■ 0.990/, U*e ihii in ibe reiull for pan (a) 
/ -0.990/f 



9.010 



Ir+Jt 



R t -(r*RH0.Q\Q 0.990|-(0.45ni-J.80nH0 + 0l0.0«90(-0.(M29n 

» /-/,—*-- s 

r + R r + R + R 



EVAl.t'ATE: The dilTcrcncc betwecn / and /, increaic* ai A, incrcraci If Jí, u brger (han (he valué 

calcnttfcd in part <b) then Í t diftera fram / by more than 1.0%. 

25.76. iDiivnFY: Sinee ibe rciiitivíiy n a lunclion nflhe pu*ition akmg the kngth of Ihc eylinder. wc rmiM intégrale tu 
Und ibe rciiitance. 

M Ser Uto The reiíKancc of a cn»v*cctwn of ducfcne*! dxt*JR- pdx/A. 
K\nm; r*mfi the given runctioti Uvt ihe re«»livity and ¡ntegratmg gires 



1 A J ' sr 



s 1? 
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Np* get ra* comuni* a mé h; p(0)~ a -2.2$ * 10 ií nund 
^(£>-<j * «/ «ve* í.50x 10 * íl - 10' n ro* MLSOmV 

wlúch gívtt J» - 2.7K * 10 1 íl m. Now use thc jbove rciuíl lofind AV 

i;.;s-io 1 n ml<L5o m>*(2 7»xia 1 n m|U-5o mi*/j 
ff^l i- — 1 , L ' — -i.7i* io 4 n-niun 

jr(OOI10n) 3 

Ib) iDEVtiFY: Use thccfcfimlHmof rc*ítf tvity f o find ihcclcctríc ftcld at thc nridpoini of ihc cylindcr. whert ( - 

t/2. 

Skt Up: /T ~ jxf l\ valimc Ihc rcxitfivirY. usng (he given formula, foc * — J.2. 

. [<j+^£/2 J J 1/ 
EXKC'tTE: Al thc nudpoinL x - L2, giving £ - -í-~ - i- , =— . 



[2-25-10 ' fim*|2.7íx 10 "fl.rn 1(0,750 m)* 1(1. 75 Al 
£-1 ' rí ¿ -1.76x10* Vm 

<c> IDEMIFV: for ihc fir*t xcgmcni, Ihc remlt i» thc ume as ín part (a) excepl thal ibc uppcr lirnit ofibc integral 
i* 1.2 ¡ralead of¿. 

SKT ITp: Intceraiing unqg thc uppcr lirnit of ¿"2 gira ff, ■ — -r— 

Execitte: SubMituting thc number* raye* 

(125x10* £1 ral(07S0nil + <2.7Hxl0' Q/wÚOtü 50mi\*Rl 

Rt - i ' - 1 - 5.47x10'* O 

«(0.01 10 m)' 

Thc rc%ÍMancc A; of (he ¿ccond hall* i* equal lo Ihc total rcsixUnce miau* Ibc rcsiálancc of thc lint half 

tf- JI, * 1,71 x 10^ n- 5.47x10* íl- 1.16 x 10* O 
EVAI.CATE: Thc *econd tuJf ha* a greater rciitUncc Ihan thc firit half because Ihc rciiitancc «icrauc* with 
di*iancc aliwifí thc yylindcr 

25.77. lot:\ii>"V: Thc rxmer ¿upplicd tu ihc hou*c í* P ■ 17. Tbc rale at *thich clecrncal cncrgy ík dUxipotcd in thc 
wm i* /' wbere A' ^j- 

BBtfct Forcopper pmUÍXÍW 4 tí ♦ ra 

(it) Tbc linc vohavc L current lo be drawn. and v* ire diamctcr are whal mu« be consiócred in 



P 4200 W 

(b) /*- 17 grves / - — - 1 20 V ~ *" ^ K-gjugc wirc u nccawy. sincc ¡t can catry up lo 40 A 

, t) f -^-í!g£-^ A >'< l - 72<lo<Q -°>J < ^ l °>-.o6w. 

A (t/4) (0.00326 rar 

1JUf4 . n l % pl OS A) 1 (1.72 x 10'" n*n) (42 n) _ . 

id) ll Mpqn wire " inca. " - = -6h w . Thc acercase ra 



A£-A/V-(40W><J65 da>v>r)<l2 hdayi- 1 75 kWh Vr andlhciavmg» ix 
(1 75 kWlvyr) (50* 1 1/kWh ■ s J 925 per ■ ■. ■ : 

EVAJ.CATE: Thc ceul of thc 4200 Wuscdby thc apptianccx ix S2020. Tbc lavtngi ixaboul 
25.7». iDEvnrV: « f -J^fl+^-'iD- — ■ 

SET I.-p: Wbcn thc tcimcraiurc ¡ncrcaxci thc rexixtancc incrcaicx and Ihc cutre ot 



execitte: (ijil-llo+íiir-rj). /«A/ r (Uflir-7;i>. 

'r 'u 

T-T^hzZh-^ 1.35 A -1.23 A — 2 L7C\ 7" - 20*C <■ 2 1 7*C - 237^0 

' al, (L23 AK4.Sxl0"* (C*J*'J 
h ,i p-f7«03tVKIJ5 A)-1C2 W (ii) r.(I20 V)(l 23 A) = I4H W 

EVALUAR) P«F a /JI shoi^tlhal thcpcw^rdUiiruteddccreasci when ihc rcictUncc íncrcascv 
25.79. (a) lltt.MIKY: Sd thc *um ofihc potcntial rixci and dror» around ihc circuli cqual to xcroand *»kv Ibr Ihc 

rcsultinu cquation for thc cumrnt L Apply lia. \ 2SA7) it» cach Circuit ckmctil to Hnd Ihc poner jMo^iaicd with it 



25 2ú (Tiaptrr 25 



mi UP: The circuil is «kctchcd in Figure 25.79. 



í\-&ov 




r t +r¡ + R 

12.0 V- 8.0 V 

i ofl*ij>n*sj>n 



i 



Filiare 25.79 

<c> Chemical cner py b eonvvtted to clectrical cncrgy in a hallen i*foen the curren) goc* Ihrouuli ihc baitcry from 
ihc negatíve lo (he poiitivc IcrnunaL m ihc eléctrica! cncrgy oí the charge* ¡ncrca*ci a* Ihc curren! p**c% ihrouch 
Thú happcn* ¡n Ibc 12 .0 V Kitiery ♦ and Ihc tale of product kw otf ckctrical cncrgy n 

-(12A vko.40 aj-4.8 w. 

(d) LIcctrical cncrgy b convened lo chcrrúcal cncrgy ¡o a battery when ihc cutrent gocs through dic battery ffKti 
tlic positive lo ibe negative IcrnúnaU *o ihc clectrical cncrgy of the cbarge* dccreaic* a* thc curren! pa«*ci through 
Tlu* happcn* in ibc K O V bjitcry, and ihc race of corwumption of clectrical cncrgy b 
Pm£¡tm (Sfl V)(0\40 V)- 3 2 W. 

<r ) EVALUATE: Total rite of produelion of ctectrical cncrgy - 4 t 8 W. Total mte of conuimption of elecirical 
cncrgy- 1.6 W * 3.2 W - 48 W. whicbcqual* ihc rale of product ion. a» it musí. 

25.80. iDEVliFV: Apply R - i^Lfor cach material* The total rcs¡*tancc w thcxumof thc revistante* of thc rod and thc 
wire- Ihc rale at which cncrgy b dtnipaied i* / .'- 

m i U': Foriteel. >- 2.0*10 1 fl m . Forcoppcr, ^ I ^2 - 10 ' fl >m. 

EXECUIK: <■) /¡..^.' 10 - l ° ,n m " 2 ?' P > = l .57.IO'n n nd 
.1 <ff/4H<KHSrnr 

r ^yií-/(^*/tV,) = (l5000AMLS7KlO l n*0.0J2n) = 2DÍV. 

EvaIXATE: /'A b laritc but 1 i* very *mall* «i thc cncrgy dcpotiicd i* *maH> Thc wire and rod cach have a 



of about I kg* 10 Ihcir tcmpcralurc n%cduc to the depouted cneruy w ul be *mall. 
IdevtifV and SKTlTr: Thc terminal vohage b I \ - £- ir - /Jí . u-here /í b the rcsbiamc connecicd lo Ibc 

baitcry. During ihc charging thc terminal voltagc b l^-£+Jr. /*-í7 andencrgyU E~Pi. /V bibcraic 
u «hieb cncrg% h « diuS^aled in Ihc inlemal re«í«tancc of Ihc batlcry. 

<a> r rf * tf*//>aÍ2JDV + U0.0A)<<L24n>-M.4V. 

£-y*r-m-(l0AKl4.4VK5KJ6W*)-2J9»í 10* J. 

(O ^ /VJ = rtf = flO A) : 1024 ti) í$) 13600») ^ 4 J2 k 10* J. 



fd) Discharue^ ai 10 A: / 



€ £ -ir l2J>V-<IOAH(J24ni 



r»ff i I0A 

<■■ A 3 m-(IOAM96V)<5)<3600x) = L73*(irr J. 

(f) Since thc enrreni ihrough the intcrnal resbiance t% ibc tamc a* before* ihere i* ibe tamc cnergy diMipaied a» in 
[c* £^ = 4J2xl0*J + 

lg> Parí of thc cnergy origínally «ipplxd «"as Mored in ihc hatlcty and pan ua* losl in ibc inlemal romance So 
thc %lored cnergy ua« lew ihan nhat wat tupphcd duríng cbarging. Then when di&charujng, oen more cnergy \% 
leal in ihe interna) retitiance* and onlv whai i* leñ i* dminjicd by the 
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25.82. iDEVnFV üh!S»:r Vn Thc leonina! vohage t* Y^-E-tr-SR> whcrcA b the reriiuncc connected to thc 

haitcry< Duríng ihc charging thc terminal voluge i% l \ + Sr. I* - VI and cncrgy i* E -Pi . I t » thc «te al 
wlueh cocrgy ¡* du*irxitcd in (he interna) regularice of thc baltcry. 
EXECtTK: <») r rf af + /r-l2.0V*(30A)(0 + 24n)-IW V. 

mf-A-m-(»A)aMV)p*7>p«0t)-U3icl^Í 

<c> - P^j m l'tb -(30 A> ? 1 1 : i l : 1 1 1 7 m iwh>m - L32 * LO* J. 

r + Jí / JO A 

M £ A - i'Jff - * .Vi A >" iO I6fl)(l 7}(3600 m - Mil k 10* J* 

<f> Sincc curren! ibrough thc interna) re^raance i* ibc «ame a* befare* itere i* ihc tamc cncrgy dúrapaicd a* ¡n 

<f ) Again* |mji afine ene r cy cciuinally *upplicd wa* tlored in (he baltcry and pan wa¿ k»4 in thc interna! 
reiraancc- So thc stored cncrgy waw les* ihan w nal wat. mpplicd dunng chargme, Then when difichargmg* cveo 
more cncrgv i* k>M in thc interna! mixiarxc, and what i* left ii di¡ulfiaicd o\tr thc externa) rcnixior. Thii time* at a 
hicher cúrrenla mueh nxnc cneryy n losi m ihc interna I tcM*taixv Slott charemv and ditchatvirw i* more cnetuv 



25.83. Iduvtifv and SKT Ijp; Follow thc Mcp* specifted in thc problcm 



tbíirihecIceiTKrficWHConMant, r fc -EL and — 

<c}Thc Ircc charge* are "left berund"*o ibc left end oí thc rod i* ncgativclychargcd* *hik ihcright end i* 
posítivcly chai ved. Thvs thc right end* poini c, t% al thc higher potcniial 

id)^^." JXI0 ' tv ! (l * xl0 "' c> -is K itf^. 

mL |9.l i ■ . ■ 4 . 'i SQm) 
K\ AlX'ATE: (el Pcrfornung ihc cxpcrimcni in a nrt al toral way crublc* <hk io keep ibc experimental apparaiui In 
a loeali^cd área whcrcai an accelcmiíon likc that obiaincd tn {di. if linear, would t|u¡ckly have thc afipaniitii 
moving al high ^peedt and large dotance» AI«o» thc rotailng ipool of ibm wlie can ba\c rnuny lums of wirc and 
the total potcniial t* ihe iunt thc pnteniiaK in cach turn + ihe poienilal in cach lum time* the number of tutra. 
25M IDEVHFY: £ - tR - V * 0 



(a) í"- IR t y give* 2.00 V = /<L0n> + r. Dropping urai» and uiing thc expresión $\vcn in thc 
problcm for /. ih« beeome^ 100 ■ i Jc*pu r/AT 1 -IJ+K 

<b)For /. - L .5u- 10 A and T-293K. 1333- cxn[39.6r|- 1 +667I-*. Tríal and error ih<m* thal ihe righl hand 

%ide(rh«)abo\c Ibr loceifte rvaluc*. equak 1333 Vwhcn T- 0.179 V Thc currcnl Ibcn ii 

ji»l /-/Jexp( 39.61')- 1|-(Í.S*í 10 1 A){cxp(|39.6|[D.1791)-l)|-l.*0A 

EVAI.ITATE: The ^tage aero» ibc reiñlor R \% I SO V. Thcdiodedoc* not obey Ohm** Uw. 

25.85. iPKvnn 1 : Apply R to find ibe rcsixlancc of a thín %bce of thc rod and intégrale to tirtd thc tolal R. 

y~IR. Alfio fim: ¡hit. lbcrcñttanccor«lcnglri r toflberod. 

Svrtti Eix)*p(x)j 

*-^íexp|-x/I¡írx-^|-¿cxpI-j/¿]£-^Í(l-tf ') and J = Ii = , . Whb an uppcr limii of i 



rather than £ in ihc imcgntion, Rm-íjLi: , 



«•12 (Tiuptrt « 



íd) Giaptu of rciiilivily, elecfríc Ikld and potctttui fíom v - 0 lo¿ are givcn in Figure 25.85. Earh quaniity h 
givcn in tcnra of Ibc indicatcd una 

EVAIXATE: The currcnl i* (he «ame al al) potiu* in ihc rod. Wbcre ibe rciblivily i* brger ibe eleclrk ficW mus» 
be laigcr, in oidcr lo produce ibe «ame currcnl de rtsi t v . 

1.00 
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25.K6. loEVnrY: ThepowroutputoriheioutceU VI*(£-Ir)S 
(fe] 1ÍK" ihoti circiut currcnl i* / . _ »f /r. 



EXEC'lTTB: {») /* - £/ — J*r *so — - ¿* - 2/r = 0 for máximum power outpuiand fp H — Z^^. 

i// 2 r 2 

<b> For ihc máximum noweroutput of part (a), i - - . r + # - 2r and R — r. 

rtí 2 r 

EVALUAR! Whcn /¡ ú *matlcr than r # / is Urge and Ihc /> tatúes ir* Ihc bauety arelarle. Whcn k larger man 
/*, / 1* *mall and ihe power output SI of ihc bitiery cmfis *mall 

25.K7. (DfcvnrV: Lse tr ■ *h T in a - J-¿Ü lo get a separable dilTcrcniial cquaiion ihai can be tntcgralcd 

péT 

SnVH For carbón, pm%$nW* ft-m and a ~ -5*10"* |K1 

EXECUTB Wír-l/Í£V--=>— -— =Hn(T-)-lii(p)a/F- " 
p\dT ¡ T T p n 

p-j-^a*pr*ty5* 10 ''n-aiHlUKJ"" =40*10 *n m K" rt . 
(c> r--l96*C-77K: jj 4 HÍ.- 4.3*10*0- dl 



r — 300°C = 573K: p- SJ> * 10 a 3,2x10 'fl-m. 
^ (573 K)*" 

FaajxaTE: a ¡i ncuative and dccrta*c% as rdecrcaics* 10 p chango more rapidlv wiih icmpcraturc at lowcr 




DlRfrXT-CCRRKNT ClRí.t'ITS 



2A.1. iPtvnTV: The ncwly-fbrmcd wirc is acombtnalion of «críe* and para) Id resistor*. 

SktUP: Fachof thc threc linear segrnents has resístante AV3. The cirele is two rt'ti resistor* mparaJlcl 
K\*xtTE: Thc rcsistancc of the círek ¡* ft'12 lince it consists of iwn ff 6 rcstslors in paralkl Thc ccpmaicni 
retistance is lwo A' 3 resistor» in serie* withan tffc resistor, givíng/f^ *• JM * AV3 * AVI 2 - 3M 
EYAl.t'ATE: The equivaler* resistance of thc original vire ha* been reduced because thc circk's resistance is los* 
than it was ai a linear wírc. 

24*2. iDtvriKY: Ji may apocar ihat the meter n>casurc*A'dircci1y But noic thai A'is in paralkl with threc 
misión, so thc meter mcasurc* ihc equi\alent parallcl re&utanec hetucen ai>> 
SKTtTP: Wo use the formula for resistor* ¡n paralkl 

EXEtlTK: 1*24011)- VX* 1(15.00)' 1,(5.00)- lílOOÜ). 7 5 a 
EVAl.CATE: XizgrratfrtUan thccauivaktH paralkl rcsixlarxc of 2<f*)íl 
2n.i (a) IwvriFY: Supcwsc wc hivc two resistor* in paralkl with Jt < A\. 



Skf l JP: The cquivaJcnt resistance is — ■-!-+ J- 

% *i 

EXKCLTE: It i* aiway*iruc iba —♦ — > — « Tbcrcforc _L>-Lar*d R < R. . 

R, F, K, ^ *, - ' 

EvaI.CATE: The equivalen* rc*i*tancc rs atways less iban Ihalof thc *irulk*t resistor 
01) ipevriFV: Sunposc nc ha ve N resistor* to paralkL wth R,<R¡< — <R M . 

Set ITP: Thc cquivalcnt resistance is _!_ — _í- + 

^ « H IT, R t A\ 

EXECUYE: It i* alway* iruc that —+—+—+—>—. Thmlpra -L>J-andtf ■ R . 

EVALUATE: The equiv alent resinante is atways kss iban thal of thc sirallcsl resistor. 
24.4. iDEVTirV: For rcsi*tors in parallel Ihc voltaje* are ibc same and canal to thc vollagc across the cuuivalcnt 



VPz V-IR. 

* A?, 

/i i Y 1 

^ U2Í1 20íl/ 

V 240 V 
(b) /«—«—— -19-5 A. 
^ 12 JO 

W / M -il-^-7.5A;J M -£:-^-12iL 
M> * 32Í1 *" « 20fl 

]' \ \i\ vtk: More current flow* ibrough thc rcsíslor ibat bai the snuller R 
26.5* lofcvnTV: TTie equhalent rcsiitanec will vary for thc dillcrent eonnectioni bceauNC ihc senes- paral leí 
combtnabons var>\ and henee the eurrcnl will vary. 

SfTí ITp: First cakuUtc Ihc cquívalcnt resutanee using thc serie** paralkl formulas* then use Ohrn's law (I* ~ Rf\ 
to lind thc eurrem. 

EXKCtTTE: U> \ <R- li<15.0O)^ 1.(30-0 íligiwsff- lO.oa/- F/í - {35.0 VyflO.Ofij - 3.5G A 

ih) Vñ~ h\WJ>n)* l>X35.0 O) gives R - 7.78 Q. / - (35.0 V>'(7,78 fl| - 4.50 A 

<c> VR- I/Í20.0Í1I * li 4 <25.0Q)givcsA- 1 1 1 1 a so/- (35.0 VIO 1 ,1 1 íll - 3.15 A, 



2t¿ O-pkrH 



2<..b. 



(d) From partfhK (he rcsislance ofthc mangle alone b 7.7811 Addingthc XOO-H interna! resbiance ofthc turnen 
givci an cquivilcm rcsitancc for ihc circuí! of Id. 78 U Thercforc thc cunen! »/- (35.0 V)''( 10.78 íl) - 3.25 A 
EVAJ.tATE: It rrakc* a hg diffcrcncc ho*' tbc trianglc ñ conncctcd to (he baltery. 
iDEVfiFV: Thc palcnhal árop ¡s tbc *amc aero** (he resistor* in paralld* arel the curro ni in*o (he paral kl 
¿omomabon b Ihc mne ai thc curre nt thnxigb tbc 45.012 resistor 

íajSCTtlF: Apply Ohm'sbw in thc parallcl branth to fwü ihccurrcnt lhrough(hc45.(SQrc^ulor + Thcn jppty 
DhnT* law lo ihc 45.0-12 resistor lo lino Ihc poicntial orop ai'nw iL 

ExmiTE: Thc potenlial drop aero» thc 25.0-Í2 reduce ir. r 3 * - (25.011KU5 A) - 3125 V, Thc potenlial drup 
acras* cachofihc parallcl branebe* w 31 25 V. Fot ibc 15.0-12 rcsolor: / M - <JI 25 \ h 1 5 0 ID - 2 OS* A Tbc 
rcsisianccof thc 10.041 * 1 5.0 12 combination t* 25.0 11* so thc curren i duough íl mwi he thc same as thc curren! 
through thc uppcr 25.011 resistor: / l0 , t * - 1.25 A. Tbc sum of cúrrente in thc parallcl brawh willbe ihe curren* 
Lhxourfi thc 45.0 íl resistor. 



15 A * 2.Q83 A 



15A-4.SSA 



Applv Ohm* law lo thc 45.0 £1 resistor: K« - (4.58 AH45.0 12) - 206 V 

(bí SktUp: Firsi find tbc equivale nt rcibUncc of thccircuit and then apply OhnTs law to it 

l'Ah i "ji : Thccen^nccortherxinillclbrrincbb lflt> l>X25.0Q) 1/(15.012)-» 1*254) Í2). » - 6,82 íl 

Trw equivalen! rctisiancc of thc cwcuit b 6 82 11 * 45.0 íl . 35,00 íl - 86,82 íl OhnV* lawgive* Y m ~ 

[86.62 Í1M4 5R Aj-398V, 

EVAl.l'ATE: Thc cmfoíihe hattery ¡* tbc sum ofthc pobjnital drope aereas cach of (he (hice segmenu (paral leí 
branch and tau series rcsUtors}. 

Idevtifv: Firsi doax rnuch series -parallcl rcdtxiion as posible. 

S»:t Up: Tbc 45.0-12 and 1 5.0 íl resistor* are in parallcl so firsi reduce thcm lo a single equivalen! rmiitMirn 
Then find (he equivalen! series rcsblancc of (he eireuil. 

EXECITE: I ¿ p - 1(45 012» l'US.Ollland it;- 11.25 Q. Thc loial equivalen! rcwtanceb 
18012* n.25Q0.26í2-32.5aOhfn , *lawgives/-í25.0VV(32.5Q)-0769A 

fcv Al! atk; Thc cireui( apficari eompltcaicd until we realuc (hat thc 45.fr 12 and l5.0*í2rcMitt>fs are in pamMel 
lOF-vn^v: tEq.^26.2) une* (he equivalen! resisiance ofthc threc renitont in parallel. For resistors in paraJicl, thc 
voliages are thc same and (he cúrrente add. 
(a) SET t:p: Thc eircuK ú sketehed in Figure 26.8o. 

I! \ k 1 1 ' i para) leí 
R, M, * 




riKoreW^u 



L60n 2.40Q 4.8012 
DM0 O 



(b> For re 



in par^illcl (he v»liase ¡s ihc same acn>u cach and equal (ti (he ¿ppücd votuce: 



y -ir 



^=£"-28.0 V 



" r¡ 2«n 



- L L? A 



17,5 A 



n.o v 

4 ¡ 12 



- 5.S A 



íe) Thccurrertis thnvuch Ine reiiitors add togive Ihc curreni thnwitjh ihe batlccy: 

^ = 175 A + 11.7 A*5.S A=35JD A 
EVAJ.t'ATE: Altcrnaiivcly. wc can ute (he equnaleni resisianee ft^ a» shcM h n in Figure 26 

m g 28.0V 



whKhchcek.1 



15.0 A. 



Id) A* 

» 
ci\e thc 



I íKurc 26 Mí 

m part (bK Ine volügc aero» 
md SlTí Vn We can use an 
tcsuhv, ifwc 



b 2S.0V. 

for P: P-Vt-t l R-V : !R. Thcy vnllall 
intermedíate cateulj ddblk 



Duvvt-tfenenitiKujt* 26-3 



EXECUfB: Usíng PmV*fJt r P*r*/R a^ 3 *' 0 V| a |90W./>sK'/£s^ MV ^ s 327 W. and 



' 1 1 4.S0Í1 



EyaJXATE: Thc toul powcr dbsipalcd b /^-^«-/J-í/í- 9SO \V. Thb b Ibc umc ja ibc power 
P„ » - (2 HO V )(35.0 A 1 - 9H0 W dclircrcd by thc battery 

íf > /> - V V R> Thc ctMim in parallcl cach havc thc ame votage, 10 Ibc powcr P b largesl for thc one with 



26.9* Idevtify: For aicrics nciwork. thc curren! i* Ibc *amc in cach rcsblor and Ibc mm of voltagcs for cach rr*i*tor 
cquab thc \ .r . • wltagc Thc equivaicni csbiance i* - A » it\ » A\ . T * / : ií . 

SetTJP: Lct R -1.60Í1, ^ = 2^00, ff ( -4K0£l. 
EXECMTK: (a) ff^ - 1.60 ft + 2,40 O i- 4.80 ft - 8 SO O 

^ «son 

(4 J -XII A .thc ume ** for cach rc«*or 

<d> í; « ilis akimu)- v i; ;a' >■ \ . : ;i i;. _ r : \ 

= : \m i l:i i ' i V t Mirtcih*! F¡+r 1 +F,«2»V. 

<e> /t-/ J Jt*<3JH A) J íl 601*1-16^ W J> » /*Jt = -(3JB Aj'í2.40ÍJ)* 24 J W . 
P t *f%+i3M Ar'(4*0n)-4K 5W^ 

<f } Sincc J* - / "Jf and thc currcnl is thc same for cach rcsblor* thc rc»i*i0r with thc greateit R dbMputcs thc 
grcatctf powcr. 

EVAJ.l'AVE: Whcn res» ton arcconncclcd in paraJIcL thc rcsrtior wilh Ib? srrallctf J? diraipatct Ib: g(ca*cs( powcr 
16.10. \*\ littixnrv: Thccurrcnu and henee ibc powcr. dependí on ihc potencial djftcrcncc ackih Ihc rcHitor. 

seiufs p-v^r 



ExmiTE: (a) V - JPR ~ J(5 0 WHI5.000 m - 274 V 
4b) r»K J >Jr»(l20 V)V<fcOOÜÍJ)- 1.6 W 

SKTTJP: (c) I: " thc Ij::vi resistor generales 2.0Q V*\ thc snullcronc wiJI general? lera and henee willbc safe. 
Thcreforc thc máximum powcr in Ihc larger resistor munl be 2.00 \V. U*e P - S i R te* fínd Ihc máximum currcnl 
through thc serie* combmaiion and use Ohm'slaw to tind ibc potcntial ihlrcrcncc acrora thc combinalion. 
EXKOJTK: P-f l R gives I~PíR - (2¿H) WH ISO D>- 0.0133 A. Thc same currcnl flows through both 
TíKsim. and their cquivaknl rcsblancc b 250 fl Ohm\ law givci V-ÍR- (0 0133 AH250 ü) - 3.33 V* 

Thcrcfocc/*i*>-2TOWand P± ~ l'R - (0.0133 A> J |I00Ü> - 0X»177 W. 

E^ Al.i'ATE: If thc rc%Í&iors in a serie» comhtnalion all bave Ihc unte pok'cr raiKig* it b me újivní rctblancc Ibat 
limite tbc amounl ofcurrcnL 

1)1 RR 

26.1 1. Iokviuy: Fot resistor* in parallcl. thc \»ltagc% are thc ¿ame and thc currcnl» add. B) R ■ 



For rc***tors in icrics. thc currenu are thc ame and thc voliagc* add. R^ - R, * R¡ . 

Skt l 'P: Ibc rules for ctmibinmg reiblors in seríes and pamllel lead to Ihc scqucncc*of cquivalcnl ciicuit* 
ihown in Figure 26. 1 1 . 

Kxk itk: R ■ 5M íl . In Figure 26.1 le. j - ^ ° v -12.0 A . Thb b thc currcnl through cach of thc 
rcsbtorsin Figure 26.11b. r i: /ff. HMJA^iXiU) -luV. í H . r . r : H -<I2.0 AM300O)=36.0 V.Noic 
Üut r* B «r M *WV, r : »the^oltageacrou R and aerara í^io^ — '~~T s " ' V 11111 

y.-lü-- * 40V - 4.00 A . J'^ b Ihc voluge acros* fl.and aerara ff.,so /. - ¥± = 36 0 V - 3.00 A and 
' ^6.000 * ^ 1 «i 12.0 íl 

4 oo a 



24-t (Tiapte r 2é 



EVAIXATE: Nt«e ihit /, * J¡ = * 

I¿ ' 



I » * I LaaaaJ 





26 J 2. ip*:vn*\: Rcpbcc (be seré* comhmaúon* oí rcii-tiors by their cquivaknti- In thc rcmlting paralkl nctwork thc 
haitcry vofcagc i% &k vollagc ac tma cach rc?<¡*1or. 
IT: Tbe círcuil i* ikctchcd ui Figure 26. 1 2a. 

¿ - U Q v 

¿Jé 



A and /c mi *cric% haveart cuiuvaknt 

«oí /í S, * Jí ,-4.1X1(1 

R. and A\ ín serie* ha\-c an cqurvaicni rc%¡&iancc of 



ntdtt uj2é 

The circuü u equivalen! totlwcircuil%kctchcd in Figure 26,1 2h. 

R¡ and R u in paralkl are cqimaknl lo 



.1 - 




■ 40>U 

m v v v 









a — KA 



*u - 12*11 



41 M0Q+I2.QQ 



KlEim- 26.12b 

The VDlIagc aero» cach branch of thc paralld ctmbuuiton u í', w í* - /,,#,, 
£ 48.0 V 



100 i2 



1 2.0 A 



IV 



- U A 



M 12 on 

Thccurrcnl i* 1 2.0 A Ihrough ihc 1 .00 O atxl 3 00 O rciblcev and ti u 4.0 A through thc 700 íl and 5.00 Q raiitorx 
¥*\ au atk; Thc currcni through thc batlcry b / «/ u + A. ■ 12.0 A + 4.0 A - 16.0 A. and lh¡* i* cajual to 
S/R^-éM V73.00 : í 16.0 A. 

iDEVnrV: In both circiafct* with and *tiibout J7 4 . rcplacc ¿cric* and paral kl combinaitor» of rcittloraby 
chímale ni*. Calcúlate (be curren** and vollagcs in thc equivalen! circuit and infer frorn thrt thc curren!* 
lollugcs in thc original circuit. Use P ■ i'R lo calcúlale thc poner dLtxipatcd in cach bulb. 
(■) StTlíp: Thc circuit R ¿kclchcd in Figure 26.11a 



f _ 




EXKCXTE: R t , and tf, are in 
paralkl. so their cuuivaknt reuttanev 



Figure 2É.lJi 



— - — andff -1,50 íl 
4.50 íl * 



Duxvt-íurn:m Cuvims 16-$ 



Thc ctumalcni circuí) U drawn ¡n Figure 26. 13b. 




MÍM) V 



-I 50 A ni/, ~l 50A 



Then r=/ ^-(L50 A)(450n|-6.75 V 

/^ = 1.50A,^ W^,-(L50A)(l-50n(-12S V 

For rciiitor* ¡n paralkl thc vohage* are cqual uiddK ihc same ai ihc voliagc ¿cntn Ihc equivalen! reuiior*so 

/. ■ .Ü ■ 2 25 V -0.500 A. = — - 0,500 A, y, i— -0,500 A 
' R 3 4,50 íl R, * R t 

Ev amate: Sote ihu J, +/j + / 4 - 1.50 A* u bien i* r For resistor* in piralld ibc cuirrnu - . . .1 ¿nd their ium 

ís thc cor i cnt Ihrtiu^h thc t\ atcnl resj.sitir. 

Ib) SETUP: " = 

EXKttTE: P t -(ISQ A)*(450fl)s|0J W 

/' - /' - /' - 1 0.5G0 A | | 4.. Mi íl| - 1,125 \V, whtch round* id I 12 W. R gbwi bnghtctt 
EVAIXATE: S ote mu H+H+P M mX57W, Thuequab P m « /¿H, »(1.50 A)"fl.5Qfl>-3 37 W, thcpowcr 
tliMipjicd 0t thc cquivalcnt rcMitor. 

thecircuit in Fqiuc 2613c 
EXEtrtiTE: and ft t are ¡n narallcl and 
ihcú equivalen t rciiitincc ff^ bgívenby 

and R^ = 2,25 íl 



lOSETlTP: Wuh fl< removed thc 



I vWv 

"i 



Thc ojuivalcni cinruil i* *hown in Figure 26.13d 



■ 




R R, R, 4.50 O 



9.00 \ 



VI|nR26J3i 

y,-L3! A r ; - / Jí - |l A)|4MlUI-MX* V 

l n * I J3 A* K„ » = |l.J33 A)(2.25 £1) - 3.00 V and K a m V t - 3 00 V 

' R 3 450 fl ff k 
ídISETUr: J"-J** 

EXEtUTE: ■ 0J33 A) J <4J0n) = 8TO \V 
§i - - (0.667 A> J (4.50 OI - 2.00 W 

l*> EvaJXATE: Whcn A* t is removed. P, dccreaic* and P¡ and P 2 
(t; and Jíi glow more brightly. Whcn i* removed ibc equivalen t 
ihrough ft[ dccrcatci. But in ihc parullcl combination thu cuneni divides inlo lwoequal cúrrente ralher than threv. 
*o (he currentf througb Rj and R*, ¡novase. Can alw %ee thi« by noting (hat wiib R* removed and le» cune ni 
LhiDUgh R[ ihc votase drop aero** R¡ b le» so ihe vohasce dronacroM fí; and acrovt F: irvuu become laruer. 



Bulb gkms k» brightly and bulbi 
dI ihe circuil increaws and ihc cimeot 



26*6 < h.j]>[ n 2* 



2M4. IpestifV: Apply OhnVs law toeacb rcsúlor. 

Si v l'r: For rcsistors in parallcl ihc voltagcs are the same and ibc eurrent* add Por re*í*tcc* in series the curren!* 
¿re ihc same and ihc voltagcs add 

EXKcriiYK: From OhaV* bw. Ihe voltagc drop aero** Ihc 6.00 O resistor i* T- /A - <4.Ü0 Ahí». 00 O) - 24.0 V, 
The voliage drop actos* thc £.00 11 re*ütor » thc *atw, unce thc*e lwo tCM*t<>rs are uired in pan lid + The currerii 
through thc £.00 £1 reusinr b then / - l'R - 24.0 V.«.Ü0 O - 3.Ü0 A. Thc curren! ihrough (he 25 0 fl rcnitor » thc 
surnorthese rwocurrcnu: 7.00 A, Thc voliage drop aero*» ib: 25 0 O resistor i* /ff-{7.00 AX25.0O) - 175 V, 
and toul vollage drop acros* (he (cf bninchof Ibccirvuil i* 175 V * 24.0 V- 199 V, which isalso thc voltagc 
drop across thc 20.0 íl reiblor. Thc curren! through thc 20.0 £2 resjsior b Ihcn i - VR - 1 99 V 20 O - 9,95 A, 
Ev AIXATE: The total currcni through thc hallen* i* 7.00 A + 9.95 A ■ 16.95 A . Nole ihat we did nol need to 
calcúlate thc cm f of the battery. 

26.15. iDtvnFV: Apply Ohnfr law toeacb reitilor. 

Set l'r: For resistors in parallcl ihc voltagc* are the same and Ibc currents add For rc*i*tm lo *ct*cs the cúrrente 
are the same and rhe voltages add 

EXF.CliTE: Thc currenl through 2.00 -O resistor ¡*6.00 A. Currenl through l.OO-O resistor airo u 6.00 A and the 
voliage i* 6 00 V, Votoage aero« ibe 600-íl resistor u 110 V * 6.0 V - 18.0 V, Currenl ihrough the 6.0X1-0 
resistor k(IS.OVV(6.0Oa>-3.0OA. The baitery emfb 18.0 V. 

EVAl.lATE: The currenl through thc battery b 6.00 A * 3.00 A - 9.00 A. The equivalen! resistor of thc resistor 
nciwork ¡s 2.00 n. and thil equab (110 VVíVoo A> 

26.16. Ide.vtifV: Tnc Jllamcnis musí he connected such ibat thc currenl can flow through cach sepárale ly, and alio 
through boih m parallcl* yicldinc threc possiblc currenl llows, The paralkl situaiion arways has leu rcsistancc than 
any of thc individual members* so it will give ibe htghesi nowcr ouipul of 180 \V. whilc the oiber cao musigivc 
powcr ouipuls of60 W and 120 w 

SKTlTp: P- l^fR, ráercff isfhecquivatail resisianec 

(a) 60W«— give* R ^ <I2QV> -240O. L20W«— giw R _(120V> ¿|20fl p ormcsc 
ií, ^ 60 W J 120 W 

inparalIcU R J ''^- s i ■ * ■ and =Í^!^L-180 W .whkh b thedciired valué 

1 * % + 80Í1 

\h\UR burnsouuthe 120 \V iciting Mays the same, ihc 60 W sciting doe* nolworkand the IK0 \V seitine *m lo 
120 W: brigbi>K«e& of zero + mceaum and medium. 

íc> lílt: biunscxn, the 60 W sctiir^ itayMhc^me. the 120 W sciting doc* nol u-ork, and ihc ISO Wsetiing Unow 
60 W: hrightncsac* of kiw reta and kw. 

Kv aj.CATE: Sincc in cach case 1 20 V is sunpl icd to eaeh íl lameni neiwtírk, ihc lowest rc*¡*tance diuipalA the 
grcaietí nower. 

17. IDEVTIFV: For resistors in serie»* Ihe voltages add and the current is the urac. For rcñstor* in paralicé ihc 
voliages are thc «ame and the currenis add. P- Í'R. 
<■) Srrllr: The eireuit ú slcuhcd in Figure 26.17a. 

- 4C411Í 




For re*niois in senes ihc cunem 



«, - mu 

Kitture 26J7a 

V 1^0 V 

]■ \ » i i m : R m ~ R¡ + ff, 3 1200 Q / = — -^-^-0.100 A. Thifcifc thevurrcmdrjwn Iromihelmc 

rt») />3';fl;3<o.iooAv(40oni34.ow 

Pj = f¡Rj =(0.100 A) J (B00n)=8.0 W 

[c> P m -If 12.0 W. ibc loial pouc' dmipaicd in boih hulbt. Solé ihat 

P„-VJ -<I20 VK0.100A)-12.0W. the powvr debveied b> mcpoientuliwurcc.equabr^ 

(d^Si.Tl'r: Tbecircuil \% ikeiched in Figure 26.17b. 



^-I20V 



lint 26j7h 



Duvet-C urrcnt Cweims 



2b A*. 



«, 4IXU1 R, BOOO 

EvaIxaTE: Note lint cach current is largor ihan thc currcni xvhcn ihc remisión ai 
<*> EXECtTE: /{ ■ ■ (0,300 A>'|400 Oí ■ 36.0 W 

-<0.l50Ay<H0QO)-1H.0 W 
tí> ^«Rt/l-S^V 

EVAJ.CATE: Note tbat thc tolal curreni drawn from Ihc Une ii /■/,+/] ■ 0,450 A. The powcr input from ihc 
hne t* ^- l^f = <120 VH04S0 A) -54 0 W.whk* cajuals ihc lolal powcr dissrpaled by Lhe Nb* 
<I) The bulb ihai i* dissipaling Ihc rnosi po»cí gtows rnosl brightly. Fot thc seríes cooncclwn rae currents orí thc 
%amcattdby P-t'R Ihc bulb wiih ibe largor R has thc larger/ 1 ; thc 8Ü0Í2 bulb glows more brighity, For Ihc 
paral k I cconbinaúon the vollagesarc thc same and by P-V'fR Ihc bulb wiih ihc sniallcr fe has lhe largor/*: ihc 
400 O bulb übws more brightly 

<h> Thc lolal powcr output cquals P* - í^/, so P^ i* largor íor ihc parallcl conncciion where Ihc curreni 
drawn from thc lino is largor fbecause ihc equivalcnt repúlante is uiultct i 
26,18, iDEvnfY: Use P-V^R wíih K- 120 V and thc waitagc for cach bulb lo calcúlale ihc rcsLsianceofcacbbulb. 
Whcn connccled ín series thc votiagc acros* cae h bulb wíll oot be 120 V and thc powcr for cach bulb wíll be 
difiera*. 

l : r: For resistor* in serie* the currcnls are thc sime and nV - ^ * A , 



* /> 60W ^* P 200W 



72 íl 



Thereforc./ 



60 W 

f 240 V 

R (240 72 ni 



0.769 A. 



(b> I*,» ■ l s R -(0,769 A) ! (240Oj- 142 W; - / 3 /f - (0,769 A( i (72 íl) ■ 42,6 W. 

lc> The 60 W bulb burns oui quickly because thc powcr ¡t dclivers 1 142 W) is 2.4 time» ¡te rated vatuc. 
Eyammtk: In «crict thc largest rcnitancc dinipaies ibc groa les l powcr. 

lotivnFV and Skf 1*p; Rcpbcc series and parallcl combtnalions of rcsiitors by racir equivalente until thc cireuil 

is reduced lo a single loop. V%e the loop equation t« fmd ihc current Ihrough ihc 20.0 fí resistor. Sel /* ■ /'A for 

ihc 20.0 íl resistor cqual tu the rale O ¡ at whích hcal gocs inio Ihc water and set O ■ mc£T. 

Kcplaee ihc network by the cojuivalcnt resistor ai shoun ¡n Figure 26,19, 
loan LO,oii :d.ou 



IOhOII 

AW 



W — i 
mn ii 



*o ñ 
— VW 



\W — 1 



r^W 1 

JU.Oll 



I0.HQ 
v\A/^ — 1 



. — wv— 



IíjturcióJI 

J0,0 V-/(20,0at5.0£l<-S í Oíi)=O; /» 1.00 A 

For ihc 2011 (1 resistor therrnal energy is gencraied at thc rale P - l*R - 20.0 W h ■ ■ mt AT givcs 

/* " 20 0 W 

EVAIX ATE: Thc bailen- is supplying beat at ibc rale P-£S - 30.Q W, In thc serie* circu*. more energy » 
distipaied in thc larger resútifr 120,00) Iban in thc smallerones {5,00 ft). 

Iükmu\: P- /'^determines R li , R ¿lítdihr 10.0 O resistor are atl in parallel so ba\c thc same vohage. 
AppK* ibe junclion rule lo flnd the current ihrough R¡ . 

SETUP: P - /'A fura resistor and P - £Y for an cmf The emíinfiutselccirkul energy into the circuit and 
clccirval energy is removed Ín ihe rcsislors, 

toaW U> l¡-ifi^. 20W = (2A>^and £,-500£l, ^andlOO are m parallel. so 

(10 íl)/„- (5 OK2 A) and A, So / a *J,S0 A-/, » OJO A , 4 and A\ are ín parallel so 

(050 AjAV - (2 AH5Q> and ffj - 20,00 . 

Ib) € * r t * (2.00 AK5,00 OI = 10,0 V 

(r> From pon (a), / ■ 0,500 A, f - 1 ,00 A 
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(d) /?-200W {grverú. A-/;ff i -<0S0A| I |20n)-5O0VV. ^<IOAriJOn)-lDOW Tbcioial 

rile al «htch thc «tolMiidRlrinl «^R)" i* 1*- -20 W *5 W* 10 W-35.Q W.Tnciottl raicil wtiícl 
ectrical cncrgv b r tei ^ = -<J.50 AM100 Vi- 35,0 W . /* w - IJ^ , whkh agrcc*i*iib 
uf eoergy. 

EVAJX'ATE: The threc resistor* are in poralIcL so Ibc volugc for cach k thc baiicry voltaje IDO V. Tbc current* 
in ihc ihrce rc^iMor* add to givv ib: current in ibc bitlcry. 
26.21. IdeviifV: Apply KircbholTs point rule al point a tofind thccurrcni throughff. Apply KirehhoffN loop rule to 
loop* i II md (2) ihown in Figure 26.21a lo calcúlale A and ¿V Travcl ¿round caen loop ¡n ibc dircction xhown. 




Finare HUI» 

EwrtTE: Apply KircbnolT* point rale lo poinl a: ^/ -0 %ai + 4.00 A - 6<00 A O 
r - 100 A (in thc dirccltoo *bown m thc diagraml. 

|b>Ar^l> KirchholV*looprukiolo4ípih -| o ,00 A)(3.00 fli-(2 .00 A \R t 28 .0 V - 0 

-18.0 V-(2»n)JV + 2N.O V-0 

,.2»V-IMV. tPBn 
2.00 A 

(c) Apply KirchboiTi loop rak lo loop (2): -(6.00 AJ(3.00 í1)-(4aT0 A){kO0íl)+£=0 
f - 1 B.O V + 24.0 V - 410 V 

EVAl.t'ATE: Canchcck ihai thc loop rule U *ati*ficd for toop |.^), ;ih j checkofour work: 
2R.0 V-f *(4.00A)(6.00Q(-|2.00 AJií-0 

28.0 V-42.0V* 24.0 V-(2.O0A)(5.00 íi)»0 
52.0 V- 42.0 Vi 10.0 V 

52.0 V ■ 52.0 loop rule ¡* i . . for ihu loop. 

Idt Ideviikv: If thc circuit U broker* ai point r ihcrc can be no curren* in ihc 6.00 O roivior. Tbc re t% now onH 
curre ot path and wc can Apply thc loop rule lo thi* paih. 
ÜP: Tbecírcuil i* ikctchcd in Figure 26.21b. 

50011 1 




ruare 26.21b 



Exeojtk: t28.OV-(J.O0n)/-(S.0On|/-0 



n 



EVALUAIS! Breaking Ibc circuil al x remove* thc 42.0 V cmf frorn thc circait and ihc 
3.00 O raixior to reduecd. 
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Idevtifv: Apply (he loop rule and juDclkin rule. 

SKT Ir: Tbe círcuil diagram ¡* given ¡n Figure 26.22. The junciHtn rule has been used lo fmd (he magniludc and 
dirección of ihe current in ihc middk Ixanch of ibccircu.it Tbere ve no rcmaining unknown cúrrente 
EXKrtTE: The loop míe applicd to loop(l) givev 

+20.0 V-(IM AK100 fll-i.t.ül AlU.OOflit-iMXI Ah) OOOi-^ -U 00 AXo.OO lil - 0 

y -20.0 v-l .00 V* 4(W V*] MV-ó.OO V-IS.O V The loop rule applicd lo loop <2) gira: 

+20.0 V -(LOO At< LOO fl(-(2.00 Awl (li - y, - |2 00 Ax2.00fl)-<LOO AKÓ00ÍÍ) «ti 

f ? -20 0 V -1.00 V - 2.00 V- 4.00 V-6,00 Vi 7.0 V . Going frocn¿ (o a along ibe lowcrbranch. 

K # +(200 A)(2ílon) + 7.0 V + (2.00 AML00O)-*;. K t -^»-13.0 V;poiniAis ac lltVIoMT potcntial 

iban poim ú+ 

EVAJ.l'ATE: Wc can abo calcúlale t \ - I". hy going from b lo a along (he uppcr btanch of ibe círcuil* 

V t -<LO0 AK6.00 fl)+ 204 V - (1.00 AHI 00 11» ■ V m and l\ «-13.Ü V. ThU agree» wíth P¡ calculatcd 

ittxif? ;i dilTcren( ru(h hchvccn and 4. 



BUIV 



IIMIA 




26.23. IdevfifV: Apply (he Junciion rule at poinlx a, fo. * and dio calcúlate the unknown currenu. Thcn apply (he loop 
rule (o (hrec loop* lo calcúlale í , £\ and A + 
(a) SETUf: The circuil ti ¿ketched ¡n Figure 26.23. 






EX>Xt TE: Apply ihe juncuon rule lo poim ie 3.00 A + 5.00 A 0 
t l -8 00 A 

Apply Ibcjunclionrulelopoinl h: 2.00 A + I t -3.00 A = 0 
A -1.00 A 

Apply ihe junciion rule lo poini t: 0 
i, ./,-/, «8.00 A- LOO A* 700 A 

EVAJ.CATE: As a ebeck* appty (Iw Junciion rule lopoint rf: - 2.O0 A - 5 .00 A - 0 
L m 7.00 A 
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IbíEXKíXTE: Appl> thcl«ipnilctülixip(h: - 1 3.00 AJ(4.(XI íi) - / t-* íi) - o 
5 ■ 12.0 V A)(3.00 íl)-3ó.O V 

Apply rbc loop rufc lo loop (2* f ; -)S.0O A)(6.d0n)-Mi00a)>0 

f ? - 30.0 v + (a.oo a H 3 oo r» - 54 O V 

(c) Apply Ihc loop ruk lo loop (3): 1 .2.00 \)R + -0 
54.0 V- 36.0 V 



- 9.00 ii 



2.00 A 2.00 A 

Eyammtk: Apply (he loop rule to loop (4) a* a check of our caknlation*: 
-(2.00 A)Jí -(3.00 AH4.00n)* (5.00 A )( 6.00 0,-0 

-( 2.00 A )(9.0O £1) - 1 10 V *■ 30.0 V - 0 

-18.0 V*I8.0V=0 

IdkvtifY: L"*e Ktrchhoff s Ruk» lo find the cúrrente. 

SKrUP: Siixv thc LO V haitcry ha* ihc larger voltage* a**umc /, uto thc lefi through thc 10 V baticry. i¡ b 
thcrigbi thruuuhihc 5 V haitcrv. and A ¡* lo Ibe right ihrough thc 10O resistor. Go ¿round cach loop ¡n ihc 



Lppcrloop: 10.0 V-(2.00n + 3.fl0fl)/ t -(1.Q0C1+ 4.000)1, -5.00 V-0.Th&gÍvc* 
SXlV-(5.00ni/ í -(5.0On);j-0,aod^/ l +/ J -L00A. 

Lowcrloop: 5.00 V*(1.00ft +4.000)1, -|IO.OO)/ k -0 . Thb gives 5 ,00 V - (5.00 (!)/■ -1100 - 0 jnii 
A-2/jS-I.OOA 

Along wtlh /, = /it we can lolvc ror thc threc cúrrente and find: 

S t ■ 0.800 A. / ; ■ 0.200 A. fj ■ 0.600 A. 

ib) *; t --(o.200AH^oon)-(a800A)(3.oonj=-3^ov. 

Eyaj.i;aYE: Travcling frorn b lo a rbrough thc 4.00 Q and 3.00 O resistor* you pan ihrouyh ihc rciUion in thc 

direction of ihc current and Ibc poicntial acercase*: point b ¡sal higher poicniial than point ú. 

iDEvnrV: Apply thc junciHHi rule lo reduce thc number of unknown currcnl*. Apply ihe loop rule to two loop* 

lo obtain rwo cqualioni Ibr Ihc unknown curreni* / ¿ and /, 

Ut SCT Vr: Thc circuit i* ¿ketched in Figure 26.25. 




nforc 26 2$ 

Lcl /, be thc currcnl in thc 3.00 O resistor and /* be thc curren! in thc 4.00 O rc*i*lor and aisume ibai these 
currenix are in thc dirccliom xhown. Ibcn thc currcnl in ihc 10.0 £1 rcsixior *S x —t^ s in Ihc dircciion *ho*n H 

tvhcrc wc havv used KirchhofFi poml rule lo reíale A toA and /;. If we get a nctfjlivc anvncr íor any of Ihcic 
cúrrenla know thc current ¡* aciually m thc opposiic dircciion lo whai we nave aisumcil Threc loops and 
direction* to iravel around ibe loops are shnwn ¡n Ihc círciul diagram Apply KirchhotT* loop rule tocach loop. 
EXECUTK: toop(l> 

4io.o v-/ t (3.oon)-/ ; (4.oon)^5.oov-y J )i.oo n)-/,(2.oon)=o 
i5.oo v-(5.oon)/j -(5.oo n); 3 ^o 

J.00 A =0 
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*SM v-/ i (i.oon)-»(A-/j)io,on-/ J (4.oon)-o 
sm v*<io.on)/, -(15.001^*0 

LOO A» 2-00;, -3.001» a O 
Tlic llrM cuujtion %a>* /¡-J.OOA-J,. 

U*c ih" in thc tccond equahon: LOO A* 2.00/, - 9.00 A + 3 00/, ■ 0 
5XH>/ ( -8.0OA./ ( -1.6OA 
Then / Í -3MA-/ I -3.00A-L60A-I.*# A. 
A »/, - Jj - 1,60 A-1.40 A -0,20 A 
EVAJ.lATE: Loop (3} can be u*cd a* a chcck. 

■rLO.0 V-(L60 AH3Q0n)-(020AKl0O0n)-(l 60AX2W fi>-0 
10.0 Vi4.8\S2.0 V + 3J V 
HLOV-1O0Y 

We find that wilh our calculaicd eumrnu Ibc loop rule i* *ali*lkd for loop (3>. Abo. ¿11 ihe currentt carne out lo be 
poMtivc, *o Ihe currenl dirccliom in the circuii diagram are corree!. 

<b> iDECTIFYandSETUr: To find r fc - V -i\ Man al pomi h and travcl lopomt a. Many dilTcrcril routc*can 
be lakcn ftoin h t&ü and atl mu*l yicld (he *amc rciull for 1'^. 

EXECliTE: Travcl through the 4.00 íl resistor and ihen ihrough ibe 3.0OÍ1 millón 
+ r 1*1*1 íl) + fi> - 

r a -F^B<LiOA)(400fl>*ll 60AH3 00n>-5.60 Vt4.K V-10.4 V (poini i* al higher potcniial lian poiol h) 
EVAl.tATE: Atlcrnativcly. iruvd ihnxigh ihe 5 t 0O Vcmtthe I.OOfl re*¡itor. ihe 2.00 íl rciülor, and thc 10-OVcrnf 

*;+5*oov-/ 3 (Loon)-j J (2.oon)íio.ov*>K. 

y r -V % = 15.0 V -(1.40 A)(LO0 fl)-(l.60 A)|2.00 fl)- 15.0 V - 140 V- 3.20 V = 10.4 V. Ihe same a* before. 
IdeviwY: L'xc K irchbolT* rule» to find the currenta 
SkiUP: Sincc ihe 20.0 V baflery 'ha* thc largexi voltage* anurnc /, ¡* lo Ihe right Ihrough the 10.0 V baticry. /. 
i» lo Ihe lefl Ihrough the 20.0 V baltery* and /, ii tothe right througb thc 10 O re^Ulor. Go amind cach ktop in 
the counicrclock'ntie dircction. 

EXEOJTE: Lpperloop: 10-0 V' (2.00 Í2» 3.00 íílA <■ (LOO íl*4.00íl)/j -20TOV ¿O. 
-10.0V*(5.00Í1K *(5.00fl,J. -0,*o Jj=*2.00A. 

Loft^erioop: 20.oo v -(i.oon» 4,oon)/, -(io.on)/. =o. 

20MV-(5.00í2)/j-(iaOÍ2|/ l =0^o * 2/. - 4.00 A. 

Alongwrth ^pi^^WiaiNrM far (he threc currento and find /, ■ #0.4 A. J ? -1-1*6 Kl % -+L2A. 
4b) ^W J (4O)+f | 0a)«0¿AX4a)+flM Ax3íl) = 7.6V 

EVAIXATE: Tm cling frorn b lo a Ihrough the 4.00 íl and 3.00*1 re*¡*lor* yon pa» througb cacti rr*í**>r 
oppotúlc lo ihedirectíon of thc current and the rwlcntial increaic*; pointd i* ai bigher polcntial than point h 
26.27. W IroKMiFY: With the swhch open. the circuit can he solved uhinc *cr»cv paral leí reduction. 

SkT I r: Find the currcnl through the unknown baltery using QhnV* h\\ . Tben uic the equivaleni rcN¡*iancc of 
thecircuii lo llnd Ibc cmf of the baltery. 

EXECliYE: Thc 30.0 i¡ aod 50O-H rcxí&lorft are in serien and henee liavc the «ame current. Uung Ohm*K law 
t* t - < 15.0 VH50 0 íi\ - (Oíhi A - /, 3 Thc poleniial drop aeróte tbe 75.0 íl re^or i% ihe lame a* the potentíal 
drop acrom thc &0.0-Í1 xeriex cornbination. We can ute thu láct to find thc currenl ihrough thc 75.0-íl rc*¡Mor 
■ ■ i; . Obm 9 * hw: r., - r„ - <0J00 AM«0 0 íl) - 24.0 V and A, - <24.0 \'H75.0Í1| - 0.320 A. 
Thc current through the unknown baltery ii the .mmof thc rn^oeurrenLt wvjwt Ibund: 

- 0 JOO A * 0.320 A - 0.620 A 

Thc equivalen! regularice of rhc rcti^ori in parallcl t* \ R r - 1. (75.0 íll * ) <80.0Í1>. Thi* givc* R, - 3K.7 íl. Tnc 

equrvalem reiiftiance "%ccn" by the baltery n - 20.0 íl * 3S.7 íl - 58.7 íl 

Applying Ohm"* Uw to the b*iter>' gi^e* C - A w / tt4- - <58.7 QX0.620 A) - 36.4 V 

<h) iDCVnn': Wilh thc %nach cio«ed f the 25.0-V balter> h ú connected acrm* ihe 50 (i íl re^btor. 

Ski l T r: Taking a loop ¿round ihe right part of the circuit. 

EXKCXTE: Ohtn^ law gira i - (25.0 V> (50.0 íll - 0.500 A 

EVAl.t'ATE: Thc currenl through thc 5O.0-ÍI rcM&tor. and Ihe ren of theeircuii. dependa on whetherornol the 
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iDEVnFY: Wc nccd to use KirchhorVs rule» 

Su 11*: Tukc a loop around ihc outi*dc of thc circuíu use Ihc current at ibc uppcr junetiotu and ihen ule a loop 
around thc right «¡de of thc cticuit. 

EXETtTfi: I he ...ii iiac loop gives '5 \\ V (12 II £lWl 5(1 A* (4S.0ÜA Lili A. Al* 

iuncixm wc have 1.50 A ■* LIKR A , 44>d / x ™ 0*3 1 í A. A loop ¿round thc righi parí of tbc circuí! gtves 
£"-(4HfiML1H8 Al 1 13 Al £ - 52.3 V, xvilh thc polaríty shown ¿u (he figure m thc probkm 

E\ aw ATE: Thc unknown baitcry ha* a smallcrcmf trun ihc knotvn onc so thc current ihrough ii cues a^ains! 
iis polanry, 

U) IIMiNTim Wiih thc swhcb open. wc have a series circuit wilh t«o barteríe*. 

Ski I r: Takc * loop io tlnd thc cunenL ibcn use OhrtTs la» to find thc polcniial diJTcrcncc betweend and A, 
K xr.fi ■ tk: Taking thc loop: / - (40.0 V n 1 75 Q) - 0229 A. Tbc poicntial difFcrcncc bctwccn a and h is 
^ - ^ - +15.0 V - (75.0 £110X229 A) - - 2,14 V. 
EYAJX'ATE: Thc muí us sign means ibat «' is ai a highor potcntial (han 6. 

ih\ iDEvnrV: Wlth Ihc switch ckiscd. thc ammcicr pan of ihc circuit div*Jcs thc original circuit ínlo rwo 
circuito. Wc can apply KirchhorVs rules (o boib parís, 

Si:t ITP: Takc loops amind Ihc left and right pamof ibccitxutL and ihcn at ihe current at ibe junction, 
EXKCUTE: Thc kft-hand loop givest / lHÍ> - (25,0 V>( 100,0 Q) - 0,250 A, Thc right-hand loop gives 
y^*(lS.O VVI75.0Í1) -0,200 A, Al thc junction justabove Ihc switch wc haxcí M - 0,250 A (in) and 
/:s - 0,200 A (out> . so h - 0.250 A - 0.200 A - 0.050 A. downward Thc volirncicr read* /ero because thc 
potcntial dlllcrcncc acros* it c* xero witlt thc *wilcb elosed. 

EvaIX'ATE: Thc ideal ammeter aels likc a shorl circuit. making a and 6 at Ihc ume poicnbal I Icncc thc 
volimcier readt /ero, 

lonvnKY: Thc circuit is sfcelchcd in figure 2630a, Sinee all (he cxicmal resistors are cquaU Ihc curren! musí be 
symrncirkal tliroufih thein, Thal is, ihcrc can be no current througb thc resistor R for thal would imply an 
imbalance in curren ts through thc olhcr rcsiiiors. Wiih no current goíng througb R. ihc circuit is likc thal ihown in 
Figure 26,30b, 

r*tr rcsitfors in *cno. ihe equivalen! rciUiancc is R - H - H For rcsíslor* m paralld* thc cquivalcnt 



, 1 I 



Thc equival 



— - — + — ! — ] ■ l n and ■ ^ ^ 
2Ü 2Q ^' in 
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narallcl branches hivc thc same resnianec. so ^- n -- r - ■ — / w - 6.5 A, Thc current ihrough 

ind no current passes ihrough /?, 
(b) As workcd out above. J?„ - 1 fl , 

fc> í r t ■ 0. since no currcni fkiw* throutíh R 



u 6,5 A 



EVAI,VATE: <di play^ tto tv¿c smee no current flows througb ii a nd ihc voltaje 



icnus it n /cu: 1 




f - A,5A 




i;ii^>mL T tcr coiL To ci>n^:iuct a 
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26.31. loEvnn 1 : To construct an ammcler. add a shunt resistor in parallel wilh thi _ 
votlrnctcT* add a resistor in seríes with ihe calvanometcr coiL 

Si:r l.Tp: Tbe rull-scak deiketion current is 500 ;/A and Ihc coil resislanee is 25,0 tí . 

EXKC l TK: (4i) Por a 20<rnA ammeter, Ihc rn*o resístances are in parallel and ihe voliaget across cach are thc 

same, V~V\ givo / Jí - /A , (500* I0 fl AH25.0n)»(20xl0 l A-500;- 10 * A|íand /í - 0,64 1 11 . 
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ih) Pora 500 »mV volimcter* Ihc rcswtanccs are ¡n serie* and Ihc currenl is the same through cach: r" rf -/(/¡ + fl t ) 

J ndi t . a ik- g: . 5,X, - lt, ; V -25.0n = 97Sn. 
; 500*10 A 

l'A ui i'íi; Thc cquivakoi rexítfancc of Ibe voltmctcr is R^ - R t + Jf ( - JO00 □ ♦ Thc ccjuivalcnt rcMitancc of 

theammeter i* givcn by — — » — and * 0.625 £1. Thc voltmctcr wt a high-resttance device and thc 

amrncicr i* a lo* ictutance devicc. 
Z6.32. iDEVnrY: Thc ualvanomcicr i* rcprcscntcd m thc circuil a* a resistance R t * Use the junciion míe ti> reíale thc 
currcnl ihrough thc galvanomctcr and me current through ihe shunt resistor. Thc votiagc drop across cach panillcl 
paih a ihc unte, uw ih¡* lo wnlc an cquation Ibr thc resistance 
Skf UP: Tbe circuí! i* sketched in Figure 26.31 

Jt X -9161) 



i — /w i^r^-| 

I : sAAA i 



V^üAA* '* ohmio - 

roture 26 J2 

YVcwanithat /.-XiA m me extemal circuil to produce /,,=0.O224 A tlrough thc galvanonictercoit. 
EXICU TE: Applving tbe junction rule lo poinl ¿ give* /.-/^-/^-O 

20.0 A - 0.0224 A - 19.98 A 
Thc ptfcniial di II trence bctwecn punt* a and ^ mutf be thc same íor ht«h path* betncen ihcie twopoints: 

Jt ^-^J lt '- WtA >' 002!i0 ">-1>J6 n ^J0 n -9.36 nHl »n 
y t 0.0224 A 

EVAI.CATE: H é «JÍ+^; mostof thc currcnl ¡roes throuch ihc shunt. Adding R ¿cercase* tbe fraclion of thc 
currenl that gocs ihrough R t . 

26.33. |pfcvnK\: The mcicr introducen rcsisiancc into tbe circuir, whicn afTcci* tbe current throuch Ibe 5.00 kíl rc*¡*lor 
and henee thc potcniial drop aero» il. 

Ski 1. t p: Use Ühm's brw to fmd ihe current ihrough thc 5*00- kíí resistor jdJ then Ibe poicntial drop acrosx ¡t. 

i ji : (a) Tbe paral leí re*¡siancc with tbe voltmcier i* 3.33 kfi. so ihc loial c\¡tnvjlrni rctisiancc aero» thc 
baitery is 9.33 ka giving / - <50d V)'f933 kíl) - S.36 niA. OhnT* lawgives thc potcniial drop aero» thc 
5.00-kQ renitor r tuJ -(3.33 U1K5 36 mA) - 17.9 V 

ib) Tbe currenl ¡n ibe circuil ¡s ncnv/-<50.0 V^IIO**»-^ mA. VwiSM kD«4.5S rnA)-22.7 V. 
i€\% error- (22-7 V- 17.9 VM22.7 V) -0.214 - 21.4% iWe carried extra decin»l place* Ior aecuracy «rice wc 
had to subiraci our answ er v > 

EVA1X F ATG: Thc prctcncc of ihc meter made a >ery brge percent error in thc rcading of ibe "irue" potcntia) 
jercu* ibe resistor. 

26.34. iDEVrm': Thc rcsUtancc of ibe calvanometcr can aller the re^Í&iance in a circuil. 

SetUp: Tbeibunt U in paralkl wiih thcgalvjoorncler.iowc fmd Ihe paralkl rcnMancc of thc arnmelcr. Thcn 
use Ohrn *s law lo llnd the currenl in ibe circuil. 

EX):rtiTE: (a) The reiuUnee of thc ammclerii givcnby IR, - Ij^I.OOQ) * L(25.0fH so fl, - 0.962 íl. Tbe 
currenl ibrough thc imttieicr* and heoce me current if rneaiurci. ti/ - TA - <25.0 V>( 15.96 O) - 157 A. 
<b) Nowihcrc i?nto meter in the circuit. so tbe total rcwlancc iionly I5.0Q. /-(25.0 V> ( 15.0 Í2(- 1.67 A 
<cKl.67 A - 1.S7 AMI.67 A) - 0.060 - 6.0% 

EvAl.f ATE: A ihuni can introduce noticcable error in the mca?turcmcnt of an ammeicr. 

26.35. iDEvnFY: W hen thc galvanomcter reading Ís «ni ¿\ - ÍR t and £\ - iR^ . 

SKT l.Tp: R , i* proportional lo x and ts proponicml to /. 

ib) Tbe valué of the galvanomcter' s resistance is unimportanl smee no currenl Ikm-s througb it. 

»A-«i-(».v)Sg=-».v 

EVALUATK The potcnliccnetcr meanircs the cmf £ : of thc source directl>% unartected by thc interna) resislance 
of the sourec lince thc mcaturcmcni n made wiih no current ihrougb ** . 
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iDEVnrV: A hall-scalc reading occurs wilh A-600O*soihccurrcrtf through thc cnhanomtfcr i* hilf thc futí 
scalc curren!. 

I p: Tbc iniimiv R , R and JT are ín wnri. so ihc (ocal rcsuiancc of thc circuit b fl. - Jf t- /í ■* 



EXECUTK: 3 ' 6 ° Mt ° A (!5J>O»600O*ií ) and ÍÍ-2IBO 



EVAIX'ATE: Wc ha\c ¿ssumed ihai tbc de* ice ti linear. ín tbc «eme thal ibc dcfkction w proporiional tu thc 
curren! through thc meter. 

26.37. IdevtifV: Apply € ■ /A u lo reble tbc resistance ta thc currcni ¡n thc circuí. 

Up: R. and loe meter are m wnev so lt w - * R _ -* Jr^ . «bcrc ff M - 650 O is ibe rcsuiancc of thc 
, / :J ■ 2.50 di A » thc currcnl rcquircd for fiitl-scalc dcOcciion 

(a) Whcn thc wires are shorled tbc fu II rale dcflcciion currem U obiaincd: € ■ ÍR^ - 
1.52 V =(2.50* 10 "* A|(65AlfltA) and /U5430. 

<b)iriberc*i*iancc /¡ -200O: 1 52 V - IXKmA. 

650O»543O*« 

4cW = 1,52 V and R -LÜÍX-608O> For caehvaiucor/ wchave; 

* R M 65.00*5430** * 

I ^ V 

For /. - — - 6,25 x JO * A , * — -6080-18240. 

4 1 6.25 ^ 10 A 

For/ -— J u - 1.25*10° A . R t ^ l -6080-6080 

' 2 M ' 1.25* 10 A 

For IJ75k1ÍT* A , = Lí£^ -6080 = 2030. 

4 * 1.875*10 A 

EVAIX'ATE: Thc dcllcctxmof thc meter ¡nercoses whcn ibc rcsUUncc /¿ 4 dccrcascv 

26.38. IdevtifV: An uncharged capacitor is placed mto a circuit. Apply ibc loop rule at cach itmc. 
Si:r l'p; Thc u>ltagc acrou a capacitor is t\ -q\C . 

1' \ ti i iTE: (a) At Ibe instani ihe circuit ts complciciL ibcre is no volioge «ver thc capacitor, since it has no cbarge 
■tarad. 

ib) Since F¡- = 0* Ibe full baitcry \x»ltace appcars aero** ibc resistor I* - f - 125 V. 
(c) There ís no cbarge on thc capacitor. 

id) Thccurrcni ihrouch thc rcs-íslor is / - ^ = 125 V q qi&7 A. 

7500 tí 

<c) Aflcr a long time has pos sed thc full haitery vohage is acron ibe capacitor and * - 0 . Thc voliagc aero» ibe 
capacitor balance» ihcemf: V\ -125 V. Thc voltage acros* thc resislcr is/eio. Thc capacitor' s cbarge is 

q-CV t -<4 60*10*F)(I25 V) = 5,75*10*C. Tbc ctirrent ín Ibe circuit ¡s. *cro. 

EvaJXATE: Thc currcnl Ín thecircuil slart* at 00167 A and decay* torero. Tnc charge on ibe capacitor siarts at 
rero and rises lo ?-5.75xl0 4 C. 

iDEVnrV: Thc capacitor discharges cxponcntially through thc volimcicr. Since thc potential dilVercnce acros» 
thc ca|iacÍlor is dircctly proporlional lo thc charge on thc platee, thc voliagc acros» Ibe piale* decrcasc* 
jxponcntiaJly i*iib ihc same tímc constant as thc charge. 

Skf Up: Ibe readingof thc vttltmeler obeys thc equaiion y • ** 1 1 whm RCi* tbe time conslant. 
Exjici tr; (a) Sorviag Ibr Cand c^aluatíng thc rcsult when / ■ 4.00 *£Ívcs 

C- '- -= * M * ¡ - H.« ■ 10 ' F 



LU V 



J.ODV 

|b> r- RC - < 3.40 x 10* OM8 49 x 10 ' F) - 1H9 * 
EVAIX'ATE: ln mosi laboralory círcuils. time constant* are much shorter than tlús onc 

iDEVnrV: For a charging capacitor qU) = C£{l-e tt )*ná Hft-j****. 



UP: Tbchmccomünl isíC - (0Jt95x lf/ OXI2.4 * 10"* F)* l 
EX>XtTE: (a) At / - 0 í: q = C£ (I - - 0, 
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At f ~\0%:q = C£[l- c ' * ) = (12.4*10* V)^**^** 14 " 1 )" 4**10"* C 

At r*20vf*C£Q-* H * ) = (12.4x10* IT(6Ü.O V)(l-*' í ** ,Hm * , )=ó.2lxlO í C 
At r«IO»Kf *C£()-r~"* > = <I2.4*IÜ* VK*-í M * , ° , " UI >*7,44«10* C 

íb) The curren! 41 time t U uivvn by; í 



Ai r-Os:j 



Al f - 5 



60£V tf ^M. 6>7QK|0 -. A 



8.95*10 n 

60 O V «| U 



L95xltf 11* 



4.27*10 4 A 



Al í-IOvj- 



] \ 



Al í-IO0s:í- 



60.0 V 



i' II I 



Ll*J .1 L 



kW 4 A. 



^H20*I0*A. 



S.95*I0 íl 

frrThcgraphiof f(f)*ri rti)an: given in Figure 264CU and 26 4<* 
K\ u i ui : The charge un the capacitor ¡ncrca-tcs in time a* Ihc c 
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Figure 26.40 



26.41. lDE.vnrV: TT»c capacitar*, whtfh are in parallcl* will chacharee cxponcntially through ihc resirtc*** 
SKI UP: Sincc Y il pruputiunal ta Q> V murt obey ib: lame expooential cquatiun a» Q, 

V - To * m \ The curre* i* i ' ( V* IR} * 

EXKcriiTfi: (a) Salve fce lime whc n ibc polentiaJ acnxu cach capacitur i* 10,0 V; 

l- -^1n(Kro>- -(gO + OnHJ5.0/rF)Ui(IO'45|-42lO^*-4Jlii» 
<b) / - f IV r Lmiw the atare valúes, with í - 45.0 V. gira / - 0.125 A. 

EvaIXATE: Sincc thc curren! and the potcnlial both «bey Ibe unte cxponcntial caualion. ihcy are boih reduced 
by ihc same factor (0.222) in 4 21 rm + 

26.42. iDtvnrV: In r- HC uac ihc cauivalcnt capacitance tif ihe rw» 



SKI UP: Fot capacitor* in icriev -í- = -L » -L . For capacitar* in narallci C m mC^+C}* Originally. 



I'Aih ii: (a) Tbc ccralaned capaciunce oí ibe r»\» idéntica) capacitor* in senes ¡«given by — ♦ — — 



to C n . The nc* time con*tam ti thu* tf(C 2) - LLiLl 

lb> With the t»o capaciten in paxaJIcl ibe new loial capacitance rs \»mpty 2C. Thu* the lime coraunt \% 
JÍ(2O^2(0.g70*)^L74*. 

EVAIX'ATE: The time consiant U proportional lo . For capaciten in *cnc4 
tof capacitor^ in parallc! ihc capacitance is increasccl + 



26.43. iDEvnrv jud Skf Un Apply the loop rule. The vohagc aero» Ibc reiütor dependí an (he curran ihrough ii and 
(he voliagc acto» the capacitor dependa on Ibc charge on ¡ti píate*. 

ExtctlE: -0 

f - 120 V, V, = SR- (0.900 AH80J) fl| - 72 V, *o P 4 - 4K V 
£-CT -(4.00x10* F|(4S V|-I92/iC 

Ev AH" ate: The mitial charge is *cro and (he final charge is í *£ ■ 480 /jC. Since current i* fiovnng al (he 
intiuM considerad ¡n tbc prohkm (he capac itor i* shll bemg chari;cd and it* charge has nol reacbed ii* final valué. 

26.44. IdevufY: Tbc charge i* incrcating xvhdc (he curren! i* dccrcaimg. Both obey cxpoucntial cquaiionv bul ihcy 
are not ihe ume cquation. 



Ski* Un Tbc charge obey* trie cquation £-£}„(! - c* }. but ihccuuatxin for (he currcni is/ - . 
EXEtriiTE: Whcn (he charge ha* reached 4 of ii* máximum valué, wc luvc pw4 - g.j ! - * ) . vtfoich 
aay* thai (he cxponcntial lerrn ha* the valué <* * ¿, The curren! al this time Ifl / - /n*r ■ /h(3^4) ■ 
(M)|(I0J> V>| 1 2.0 í»|- 0.625 A 

Eyaj.iate: Noticc thal (he current vtill he 4* nc * t» **f ti» máximum valué whcn ihc charge is y of ¡t* 

máximum. Ahhough curten* and cbarge both ohey cxponcniial cquai»om. (he cquations have dillcrcnt form* for a 
cbargmg capacitor. 

26.45. iDEVnFY: Ibc stored cncrgy ii proportoonal tu the tquarc of mcchdf^comecar«crti>T,ioU vnUobcy an 
cxponcntiaJ cquaiknu bul n»t ibc same cqualion as (he cbarge. 

Sur Un Ibc cnergv siorcd in tbc capacite* ¡* V ■ (T'2C and Ihe charge on (he píate* is e cK . Tbc currcni is 

When ibc capacitor has Ion 80% ofib stored cncrgy. the eocrgy is 20% of ibc inilial energy, whicb ¡*£V5. CVS * 
£/« gñet r * <Jt02) lo 5 - (25.0 01(4.62 pFMln 5K2 - 919 p*. 
Al tros tune, ihe current u / - U r*" - <f¿V*0* rtr , " 

/-<3.SrOI<25.0fi><4.62pF)J* *U iy 6A . 

EvaJXATe: When ihe cncrgy reduced by S0%, neilber Ibe current ñor me charge are redueed b> ihai pcrccnL 

26.46. Iokvtií'v: Iloih (he charge and cncrgy decay cxponcutially, bul not wiib Ibc same time constant since the cncrgy 
is proportíonal to ihe .ujuiir«*of dw charge. 

Ski UP: Tbc chatgc obcyi (hee^uation Q - £> c e ,H but Ibc cnergy obeys the equaiion 

KXKCU1K: (») Tbc charge is redueed by halfi Q¿1 - Qc*' *. Thw gívei 

i-JrCln2-'(l75a>(l2.0uFKln 2*- 1.456rns - I 46im. 
4b) The cncrgy n reduced by balf: UJl - U t r >w . Tbü gtw* 

/ - {RC b 2V2 - <] .456 rtw)2 - 0.728 n». 

EVAl.t'ATE: The cncrgy dccrcaics rislcr (han ibc charge hecause it u proporikinaJ lo tbc square of ibc charge. 

26.47. lotvnt\: In both ca*cs* « implity (he cotnplicaicd circuil by clinunating the apprupriale circuí elenxnu. The 
pr^cntial acroui an uncharged capacitor u iniiially /enx io it behavci likc a shoct circuí t + A lully charged capacitor 
atlov^% no current to ftw inrough ir 

(a) SET ITp: Jusi jfter cloiing ihe iv»~ilcb + tbc uncharged capacitor* all tchave likc sbon circuir», so any resistors 
ín paral kl wíth them are chminaicd from the circuir. 

EX)XUTE: The equivalem circuil comü» of 50 ti and 25 ílínparalteL tvith (hii combinai»on in sene* wilb 
75 ÍI I5aand(he 100 V baiten. The equivaleni reiistance ¡*90íl • 167 Q - 1067 Q, whicb gim 
/ - (100 V>X106.7 Q) - 0W7 A 

4bt Skt t. f Pi Long atier closing Ibc switch. the capaciion are c*scniLitiy charged up and behave likc onen circuits 
Kincc no charge can Oow ihrough them. They clTcct^cly elimínale any rciiiton in «erie^ wiih ibcm since no 
currcnl can ilow ihrough (hese rc«*tor v 

EXKCTtiTE: The equivalent circuil coniitct of rciñlancci of 75 & 15 íl, and Ibrce 25*íl re^istorx, all tn series with 
(he iCOA batiery. foraioial reittünce of 165 íl Tbcrefore / - <100 V><165 íl)- 0.606 A 

EVAl.t'ATE: The inilial and final behavior of the circuit can be calculaied quite eaiily using simple senei' paral leí 
circuil analyxiv Jnicrmcdiatc times \v<ould require much more difficult calculaiiom! 

iDEVnrV: Whcn tltc capaeitor « fully clurgcd the voltaje Tacrou ihe capacitor cquaU ihe bjitcry emí and 
Q-CV , Foracraargingcapaeilor. í^(l-f*" ir ). 
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EXECUYE: (s) Q~CV~ <5.90x 10* F)(2S.O V) -1-fiS* 10 * C 
Ib) •-flfl-*- |rte ) l »í r '* r -l-i and . Aftcr 



tf.WxIO'FXlníi-ilQ.loSir 



l-teUT***. '** WÍ * -463 fl 




miribc chargei*torie99%of final valué; i»0 give* 
¡■-JÍClD(l-f 0--í463QM5^O* I: I. i l> 

E Y Alt' ATE: The time conttant \% r - RC ■ 2,73 rm . The time in pan <b) b a bit more than one lime constiant ar*J 
the time in pan <c> i* aboui 4.6 lime corolani*. 

[nt\iu\: Tur cach circuit apply ib: loop rule lo reíale the voliagcs acruru the circuit elementa. 
<■) Srr ITp: With the switch in pcuition 2 the circuit b the charging circuit *bown in Figure 26.49a. 



Mt - 0 t 0 - 0> 



F¡«urr IfcW 

EXECUTE: The cbarge c/oti Ihe capacitor u given j* a funchonof time by Eqj,26 12}; 

Q t *C£-{l.5Ú*W* F}(1M V)=2.70*I0^C. 
Jr£*M9M> 0^1.50x10 * F|-0.0l47s 

Thu*,* 1^0.0100^^^(2.70x10^ cUl-**™*" » MIÍT ^-I3J rrC 

a 133 uC 
|b> >^1 ¿ ^. = 8.S7 V 

C 1.50x10 F 

The loop rule »ayi £—ir 4 - v t = 0 

v r - f - v r - 1" V -S.S7 V = 9.1 3 V 

fe) SKT ITp: Thro» ing ihe switch back to po&ition I produce* rnc ducharging circuit shown in Figure 26.49K 

The inilial charge 0. i* Ibe 
charge calen hied in parí (bu 




-133 tíC 



*V * — - ■ &.R7 V, ihe «ame a* ¡u*i be f ore the ¿wilcb b Ihrnwn. Bul no»* 

C 1.50x10 1 F 

y¿ — ■ 0. so i h j ■ v, ■ 8.87 V. 

(d)SKTUP: Jn the dbchatfzing circuit ibe chatre *m ihe capacitor a* a funciion of time i* given by Eq (26 16}; 

hm ii: JÍC-O.0I47*. the lamcasm pan (al. Thurat t -0.0100*, f -(133/iCk =67.4 
EyajX'ATK: r ■ 10.0 n\s b le» ihan one time contfant, *oat Ibe imlanl dcicnhcd in pan ta} ibe capacitor ii not 
lulty charged; rta voliage iK S? V) b le» Iban the ernt*. Thcre b a charging curreni and a vollagc drop aero** ibe 
rcsbior. In the dbchargmg circuit ibe voltage acrou the capacitor Marte al 8.S7 V and dccrcasc*. Aftcr t ■ 10.0 rn* 

il ha* decreaied lo v, - q C m 4.49 V. 
16.50. iDESTin': Pmyjm t ¡ & 

Sn UP: Problem 25.77 »y* thai for 12-gauge wirc Ibe máximum *afc currenl i* 2.5 A, 

EXECUTO (a) / - _ - - |?.| A. SowcncedaikaM U gauge wire (good up lo ISAi 12gaugcbabo 

ok <gwd up to 25 A). 



24. IS Cnaptcríé 



A 4100 W 

MAt I ir per kWIKforlhour thc cosí ¡* < 1 le UVhHl h *4 1 fcU ') - 45c. 

EVAl.t'ATE: The cotí io opérate thc «fcvice i* pron**rtional to po» et con*urnption. 

26.51. iDEVtiFV andSKTUr: Tbc heater and hair dryer are m parallcl*o thc vdiagc acras* cach u 120 V and thc 
curren! ihrough thc lusc i* thc sumof ihc cúrrente through cach jppliancc. As thc pov»cr con*umcd hy Ihc dryer 
increases Ihc currcnl through rt mercase*. Thc máximum powcr *ctimg is thc higheit onc forwh*ch thc curren! 
through thc fute » les* ihan 20 A, 

EXECUTK: Find ihccurrcnt ihroueh ihc hcaicr. /*- 17 *o / - PÍV -1500 W 1 120 V -12.5 A. Thc máximum 
total curren) alloucd is 20 A, %o thc currcnl throueh ibc dryer muM be lera than 2D A - 12*5 A ■ 7.5 A* Thc powcr 
disijpaicd bv the dryer if ihecurrem ha* mi* valué ú P= 17 -(120 V\{73 A, -900 W. fot Pat ihi* va roe or 
larger thc circuit breaker Inp*. 

EyaI.I'AVE: P*V*\R and fbr thc dryer V t% a consuni 120 V. Tbc hjübcr powcr sctiing* correspond loa 
smalfcr rcsisiancc R and larger currcnl throuizh thc cfcvicc. 

26.52. lusvurc: Tbc currcnl gcissplit ewnly bctvkccn al) thc puní) leí bulbv 

P 90 W 

S£T l.Tp: A single bulb wíll dravr /■— ■ — 1 - a75 A . 

EXt a TE: Number of bulb* £ 20 A ■ 26.7. So vou can atiach 26 bulb* «IcJy. 

0,75 A 7 7 

EVAl.t'ATE: 1n rxirallcl ihc voliagc acrora cach bulb i* ihc circuil voliagc. 

26.53. iDEVnFV andSfcf Vn Qhm** law and Eq.j25.lS) can be used lo calcúlate /and P given l'andR. Uso Eq.(25.l2) 
lo calcúlale thc rc*i*tancc at Ihc higbcr lemperaturc. 

(a) Kxk'I'it:: Whcti thc hcater elcmcnt i* firsi lumed on il i* al roorn tempe tature and ha* rc*i*iancc #7 - 20 íl. 

V 120 V 
/■_«___■ ÓJD A 

R 20O 

/í 20 n 

<b> Findihcrai*tanccff{Jiof Ihc elcmcnt at ihc operating tcmrwraiurc of 2H0*C. 
Take Jl ■ 23.0*0 and A - 20 fl Eq.(25.121 gira 



t(r)*Jt;(l+«(r-?;))« 20í^u(2.s-io i (c») , J(2ítfrc-23.frc|) 



y* a a 



jr 34.4 a 
r* íi20 v) J 

EvaJ.IATe: When ihc lemperaturc mercase*, R increases and / and P dccrcasc, Thc changes are subsianliaL 
26.54. <ai ImimikV: Tv*o ofibe re*i*ion in serie* would cach disípate one*half thc total, or 1.2 W, «iticb i* ok. Dui 
ihc serie* combination woatd have an equi\ alent re*i*tancc of K00 fi. nol thc 400 O ihat n required. Rcñttor* ¡n 
paralfel ba\e an equi^aleni resislance Ibai » les* ihan that ofthe individual rc*i*tors, *oasolutíon » two in «cries 
in paralkl with amrihcr lwo in terie*. 

SeT ITp: The nctwork can be *imptiikd a* sbovm in Figure 26.54a. 

Figure H54a 

ExKtltE: R t Í*incresbianceei|uiva1entioln t ooflhc 400 fl rc*i*tor* in senev A -AtA-fCOOfl. R t i* 

ihc re*i*iance equivaknl to thc twa R t -S00Í1 re*istor* in parallel; — - — +— - - ^ fl - 400 fl. 

^ "\ 1 * 

Ev Al.t ATE: Thc* combinalion doe* have thc required 400 O cquivalcnt rcsiitancc. 1t will be shown in parí fb) 
that a toial of 2.4 W can bedisuputed u iihoui exceedine thc pou-cr raimg of cach individual rctislor. 
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iDEVfirv: Another «oiulion a two roblón in paral bl m serte*, with two 
Skt Up: The network can be Mmoliftcd a* *hown in Figure 26.54b. 

ff-40QÍI * 



more m paralicé 





EUX'l TU 



Figuri- 26.51b 

1 JL - 200 O ; tt m - R t * R t - 400 £2 



ff, R R 400 n 

EyauaTr: Tho combinaiion ha* (he required 400 O equivalen! rccülancc ll nill be duren in parí i» Inal a 
total of 24 W can be diiMoatcd withoui execeding ibc power raling of eacb individual retinar. 
|b) IdeviifY andSKT Un Find thc appticd vollage V¿> *ueh thai a (ola) tif 2>J W w di&*ipaicd and Ihcn for lh¡* 
* . lind ibe power diuipaied hy each resistor 

EXEtTTE: Pora cornbination with equivalen) rc*i*tancc R^ ■ 400 O lo divínale 2 A W Ihc voltaje f' # , anplied 
ro the nelwork imitt be given b> /»- l¿ //<, «o ^ » J?^" * ^24W)(40OÜ) » 3 LO V and ibe curren* Ihrough 
ihe cquivaicni rciiiiance bi* r* - 11.0 V 400 0*0.0775 A. For Ihe finí combinaiton ihi* mean* 3 LO V 
aero» each narallel branch and 4(3 LO Vi — 15.5 V acra» eacb 4C0 fl rcimor. The power di.** ipalcd bv each 

individual rc*¡Mor h ihcn P-V iR-{\$.$ V )" >' 400 ti- 0.60 W. which a le** thm ihc máximum albwcd valué 

l*í 1 For ihc*econd cornbination thi» mean» a voltage of/A^ -(0.0775 \ i 201 Ll : : ' ; V aero» eacb 

parallel combinaiion and henee accxn* each *cfiaraic tc%isM^t - The power dimipatcd by each remtor u again 

P^y J :R V) ¡ , 4OTfl^0.60W. wh*chi*lc« man thc máximum allowed valué of L20W. 

EVAJXATE: The ^rametn of eacb network *ay* that each resistor in ihc network dusipatc* ihe same power. So, 
for a total of 2.4 W dutipaicd by thc nevAork. each mÜot diuinaie* {2.4 U t i n.wi \\ \ whicb agree* with thc 

*bovc analyáft 

iDEVtirV: Thc Cu and Ni cable* are in naralleL For eacb, R - — 

SKTUft Tbc compo*iie cable » sketched in Figure 26.55, Thc croa* «eclional área of Ihc nkkcl tcgmeni u xn l 
ind ihc área ofme coppcr ponion \xxih ! -a ! )> For nickel 10 * (i m ;ind Ibrconner p- L72x 10* íl-m, 

III / ¿ 



Tll' 



■¿-^-r!-' ^^/^¿/^-^^aiid^^^LH^A.— ^.Therefore. 



A* 



[0.050 m) 1 (OTOOm,' -(0.050 m) J 



7.8x10* Ora 



72*10 ' il m 



and /í,^ - 1 3.6* 10 * íl - 1 3.6 iitt 



Thifiivci/)- ^— --2.14*10* ft m 



L 20 m 

e cflcciivc reMstivjtv of ihc cable ü ahout 25% lar ce r man ihc resüilvity of coppcr. If nickel had 



EVAl.tATE: 

mli m le rc*iliYiiy and only me coppcr porltoa cooducted, the ce^islance of the cable would be 14.6 /di , which in 

ni/ r.iiKh [arar tí'u:i tht [tmujtuC Cflk ohlod .n riiirt I j| 




I iíiirt26^5 



24 iO íhiiptr r X> 



26.56. Ipiivnn and Si:t l>: Leí ff-LOOft, ibe reiitlancc ofonc wire> Each halfof Ihc wirc ha* 

4 -tf'2-0.5Q0fl The cocnbincd wirei are thc *ameaia rciitior network. tac thc rule* for equivalcnt 
i vene* and mratlcl lo fmd thc rcMsianccof thc rwtworL * *hown in Figure 26.56 



/■A 



Figure 2Ui 

Thc equivalcui re*i*lanee b V*+*L b5 4 2 - ¿|050Ü fl) * 1.25 fl 

EVALUATE: If thc im mrc* «W connccicd cnd*io-cr*l. iltc total rc*¡Manec would be 2.00 fl If they werc 
joined ñde-bv-ade. (he total rcai&lancc would be 0 500 £1. Our answcr k bclivccn Ibcic two limiling valué* 
26.57. IdeviifV: Thc Icrminal vollagc of ihc baitcry dcpcr*l* on (be current Ihrough ¡i and ihcrclbrc m ihc equivalen! 
resfalancc connccicd lo n Thc [x»*cr delivered to cacti bulb i% P ■ / 7 A , where / 1% thc currem through it. 
Ski X)Pz Thc terminal vohagcof thc .tourec \% £-fr. 

Exectitye: (a) Thc equivalen! rciUlancc of thc t\*o bulb* i* 1.0 íl Thw cauivaicni resistiancc i* in *crx* wiih thc 

infernal rt^iHianccof thc *ource. *o Ihc current throuch ibe hrtlcrv t% / — - .¿4.4 A and (he 

LOfl + aROfl 

curren! ihrough each bulb i* 12 A. Thc voluge applicd tocach bulb Uf-fr-(.0V- (4.4 AHO.HOfli - 4 4 V + 
Therefoce. P^ = i*R = (2.2 A) ; <2.0 flj =9.7 W . 

V H.O V 



Ib) II otte bulb burm out t then / - 



- 2.9 A. . The eurrcni tnrmígh 



2.9 A. and P= J J Jt *(2.9 A> ? |2-0fi)- 16-3 W . Thc remainme bulb k brighler than befare, because It b 



EVALUAIS! In lixamplc 26.2 thc rnterual rc*¡*lanccof rherourec » nccjigiblcandlhcbrighinetiofthc 
rernaining bulb doc%n*i change when onc bumi out. 

26.58. lofcvnm llalf thc curren! I leras ihrough each paralld rcsÍMor and ihe rull current flowi through thc ihird 
tha! i* tn sene* with thc paralH combinaron. Therelore. onry Ihc %crici renitor wül be al ¡tx máximum (rom. 
$BU*i P-t*R 

Kxkci tf.: Thc máximum atlowed po^er i* i*ben thc total curreni t* the máximum allowcd >aluc of 

i - JP'R -^36 W72.4ÍJ -3.9 A-Tben balf thc currem flo»** through ihc narallel reiuinn aod thc máximum 

po««ri* P M =íif2) 3 R4iIf2yR + t*R = $I*R = M3$ A) i i2.4n>=54 W 

EVAl.t'ATE: If all threc >cmmí>js were inxcríc» orall ihrcc « ere m paral tel. Ihen thc máximum poner would be 
3(36 W) = IOS W . Focthe nelwH«i in ttú ptoHetn. ihe máximum pcwcr b balf rhb «luc. 

26.59. IhKMih: Thc ohmmeter rcad» ihc cqui\alcnt rcüitance beiwccn point* .j and h. Rcpiace «criei and parallcl 
combmalioni by their cquí\alcnt. 

SiTí 1 r: Fot rciinocx m pmlleL — - — * — . For rcüttor* in icriei. - R t * R¡ 

R^ R¡ Rj 

Fm:h tr; Circuit (a); The 75.0 O and 40.0 £1 rctblon are in paralkl and nave cquiv alent rcnitance 26.09 £3 
Thc 25.0 íí and 50.0 O resiMors are inparallcl and have an cquivalcni rc&iMancc of 16.67 fl. Thc couuulcnt 



ncCAork h inven in Figure 26.59a. — ■ 



R IMOn 2J.05ÍÍ 




.*o R =l&7fr 





V10II 

p^W^ 1 

Figure 26,59a 



zimn 



Dirccl-Currcni Circuí u 26-21 



CúvuiMb): Thc 30.0 0 and 45DÍ1 reiMors ore in para He 1 and ha ve 



lü.tiíl.The 



equivalen! ncrwork t% giveo ¡n Figure 26.59b. — - 




10.0 n 30JÍ1 



7nm 



l'.ii-Ü 



I3MIII 



liJRÍt 




i 

molí 



23 jn 



10.» u 



n mi 



EVAl.l'ATE: In circuí! (a) ibc rcsislancc along onc paih bctvttfcnd and A b 100.0 O , bul ihat A ntH (he equivale nt 
rcií&iancc bcrwccn these pomiv A similar comment can he made aboui circuil (b). 
IDEVTIFV: Hcal. which ta gencraled in ibc resistor, meh* ib: ice. 

Si:t l'r: Find the rate al whkh beot is generaled in Ihc 20.0*0 resistorusing H Thcn use thc hcal of 

ruuonflf ice lo find (he rate al which the ice mcltv The hcal dif to mch a mau of ice Jin i* dM ■ L t dm t whcie L t 
is ihe lalcni hcal of fusión. The rate al which beal entere ine ice, dWdu ta the powcr P in the resistor, so P — Ir 
£fm.'<fr. Thercfore the ratcof cneltingof ibe ice ndm Jt - PT¿|. 

Exkci tf.: Thc cquivalcnt resistance of the porallei branch is 5.00 O t so Ibe tota] rcxistanco in (he circuil ñ 35.0 O. 
Thcreforethc (ocal currcnl inlhe circuil is/ : . ü , - 145.0 V| 1 (35.0O>* I.286 A. Tbc potcntial ifcftcrcnce aero** 
the 20.0 11 resistor in the ice is ibe same as (he potcntial difTcrcocc acron ihc paraJIcl branch: V¿ t ■ i tt4t fi f ~ 
(l.286AM5.00fl) - 6.429 V. Thc rate ofbeatingof the ice tar\ t - r**//*- (6X429 V^MOQ) - 2.066 W.Thta 
poivci gocs inio to beal to mch thc ice, so 

Al ¿dt-PL t - (2.066 WU334* 10* J'kg)-6J9* I0*ku/s-6.l9* 10 *gft 

EVAl.t'ATE: The rncl( rale ¡s ahoui 6 mg/s, which is nol much. lt **vould (ake 1000% lo mcltjust 6gof ice. 
iMKTin: Anply thc lunciton rule iocxprc?H (he curíenla thiouuh ihc 5 H lXl íi vid $.00 íi reictlors in lerms of 



f y Apply ine loop rule (i> ihree loop* h 
Ihc circuil i* sketchedin Figure 26.61 



^1 



:n thc threc unknown curren!* 




The currcnl ineach branch has been wríticn in icmisof and I. such (ha( Ihcjunciion rule u 
junciton point. 

EXECHTE: Apply ine loop rule (o loop{l). 

-i2.o v^/ i (i.ooojt(/ J -/ l H5.oon)=o 
A(6.oon)-; k (5.oon)-i2.o v «q.(i) 



26-22 (Tmpt* r 2* 



2*.ó2. 



Apply Ibc loop nik lo loop (2), 
^,(1.0001 + 9X10 V-(J, W>)(8.00£1)*0 

/, (9.00 a) + ; k (8.00 n) ■ 9.00 v «t<2) 

Apply Ibc loop rule lo loop uH 

-/J10.0 Í1)-9M V*/ 1 (L00n)-/ ¡ (L00n)tl2,0 V«0 

.CHP H|f / |t ttHIW/ 1 10 0 ílj - 3.00 V C4(3) 
EiHUgivet /j «2.00 A + 1/,: eqi2) pvc%i¡ - LOO A 

U»ng lhc*c rcwilb mcq.(3>givci -|L00 A-Jl, (0*00 í»*(2.00 A - T .'. Mi i*) / | LO (i i \) l 00 V 
( u ^*; M )J t = 2.00 A; i % - 100 A) «0,171 A 

TIko /, :«»A^/ - 2O0.\-l|0 171 A)-2.l4A«id /, -LOO A -£ ¡ t -LOO A -£(0,171 A)-0.H4B A. 
E\ au atk; Wc could chcck tlut Ihc loop rule b *at¡*ficd lor a loop that goc* througb ihc 5.00 £1 8.00 Q «id 

1O.0 £2 rcmion C>o»ng around In loop clockwiac: -| /. - /. \\ 5 CKJ f]| 1 1 / * / ||K 00 U | W j lu O ílj- 

-9.H5 V*S.I5 V t ] 71 V, whkhdoc* anuí /cío. apaii ftom rounding. 
loüvníT: Apply (he junciion rule «id (he loop rule to ib: circuil. 

Su IV: Bccauwof thc poUnly oícach cmC Ihc cimcnt tu ihc 7 00 Q rc*»tor nuut be in thc dirección *hown m 
Figure 26.62a. Leí / be Ibc curren* in (he 24.0 V haitcry. 

man The toop rule uppbcd «o loop < l ) give*: 1-24.0 V -(1.80 AH7.00n>-/(3 00 O)-0, /=3.B0A Tbe 
junciion rule iheti %x\% (rut ihc cuncm in ihc muidle branch u 2.00 A. a% *ho»n in Figure 26 62b. Thc loop rule 
«ip1¡cdtoloop<2}gíra: *í--(LBOAHrOOn)^<2.00AH2.00ni-0«id £=8.6 V. 
EvaJXATE: Wcc«iebcckourreni1ttby«^ptying ibc loop rule lo loop {}) in Figure 26.62b: 
*24.0 V-f-(2.00 AH2.00Í1|-(3.SO AM3 00OI-0 «id £ - 240 V-4.0 V- 1 L4 V = 8.6 V . i*h¡cb ugrec* 
with our repulí lh>m loop 121. 




t' . 








r £ ~ 





U0A 



looo 





Ideytify «id Se? Vn Ibc círcuit ¡* «keichcd in Figure 26\63, 




TWo uaknown cúrrente J. (ihrough ibc 2.00 n 
rc»taor( jih! i. (rbroughthc 5.00 O resistor) 
iré labclcd on thc circuit düurrum. The currcni 
througb Ihc 4.00 O rtriitor ha* been wríltcn « 
A-A using thc junciion rule. 



ftart 2n.63 



Apply ihc loop rule lo loopn ( I )«id{2| togel two cqu4tion:t lor the unknown currcnls, /, xid í y Loop (31 
liten be u*cd lo chcek Ihe rctulh. 



Dirccl-Currcni Circuit* 26-23 



KXEcriiTE: loopfl): *20.0 V-/,(2.00O)-l4.0V +(/ 4 -A)( 4000) 

&.00/, -400/] ■ 6.00 A 

3 00/, - 2 00/> -3.00 A eq4 1) 

kn>p (2^ *36.0V-/ J (5.00O)-(Jj-A)(4.00O|»0 

-4,00/, + 9.0M* - 36.0 A «qfl) 

Solving cq. ( I > for /, gives/, - LOO A t i/. 

U»ng lb¡% in cq gí>» i«Wlii"A*-/ ) + 9J)0J m 36.0 A 

(-•+9.00)/, -400 A and = 6.32 A. 



Then A -1.00 A 
In 



Ü0A+^6.32 A, = 5.2I A. 



Curren! ihrough (he 2.00 O rc*i*lor: / ■ 5.2 1 A. 
Currcnl ihrough (he 5.000 resuior: / ; '632 A. 
Currcm ihrough (he 4.(3011 rcsUio*: / ? »6J2 A -5.21 A - MI A, 

EVALIATK: U*k>op(3>iocheck- »20.0 V-/|2.Ü0 O)- 14.0 Vi- 36.0 V- ^(5.000) -0 

(5.21 A)(2>00O)*(6J2 A)(5.00O) = 42.0 V 

10.4 V+3UV" 42.0 V, u> ine loop rule b nfefitri fot uta loop. 
Iu&viifV: Apply (he loop and junclion rulo». 

Use ihc cúrrente ai dcllncd m (he circuil diacram in Figure 26-64 and abtain ihree cquation* losolvc for 



Wz 
thc cúrrente. 

EXKrtTE: Left loop: 14-/,-2</, -/,)=0 vid 37,-2/^-14. 
Toploop: -2</ -/,)+/, + /, *0 and -2/*3/,* J,*0. 
Bo*«iioloop:-(/-/ 1 t/ J )t2</ t -/,)-/, =0 and -/ + 3/, - 4/, «0. 

Solviog diese equat ion* for thc cúrrente i*e find: S -f^ -10.0 A;/, ■/» =6.0 A;/, W. -2.0 A. 



So (he o*hcr cúrrente are; / ~ I - /, = 4.0 A; S A = /, - 



4* A; /,=/-/,+/, 



LO A. 



40 O 



EVAJ.l'AYE: It Un*t po*&íblc (o simptify (be remitir netttork 
ttui thc cqujvülcrtl resisiancc i* él I oefuted bv r - Itt . 



ig ihe rule* for resistor* in series and purallc 



141) V 



1 


































'■V* 1 



|al DlBNffVTl llrcjk Ihc CITCUIt 

3Ü0O reroior and ihe I0.0V 
potcntial drop* acras* ihe re*Ulnr* 
hil ¿hiinícs ilonc thc path 



Figure 26A4 

powts a and h mean* no currcni ¡n ihe middle branch 
Trie cüxuit Iherelbre ha» a súiclc currcni paih. 1'ind ihe 



be cakub(cd. Calcúlale V. h> iravdimt frorrw to K kcepinc 



¿onrains thc 

ftothai 
Lrackof Ihc 



S»:r l.Tp: Tte circuii i* *kctchcd in Ücun: 26.65a 




ioon ÜOV 



imn *ov 




EXECUTE: AppJy ihe loop ni le to loop (1 1. 

*L2.o v-;(i.oon*2.oon<-2.oon<-Loon)-ao v-/(2xion*LGon|-o 
/M i2.ov- M v a<K4444jL 

9.00 O 

Ti> find I . *um at poml ¿and travcl loa. adding up thc poicntial risc* and drorn* Travcl on path (2)ihoi*n on 
thcdiagram. The LOO O and 3.00 SI rcMiton ¡n ihc mi&fk Inane h have no cunent through thcm and henee no 

raliagc aoora thcm Thcrefore. - 10.0 V * 12,0 V- /(LOO ft + LOO ft* 100 íl)« í^; tbu* 
Y m -r, ■ 2.0 V -(0.4444 A)(4 00 0| - tU3 V ípoint a i» al hígher poieniuli 

K\ Al l atk; Ai a ebeck on ihu calculaiion tve al*o compute J'^ r by travcling fi«m ^ (o ti on palh l 3 ) 

*;-loj> Vtsj>v*/(ioon*i.oon+2j» n)=v m 

^■-WOVt (0.4444 A)(5 + O0fl)-*O.22 Wwhichcbacl» 

Ib) lD£.vnt\ indS*;r Up: Wiih poínt* ti and b connccicU by j wire there are threc current brioche** a* *hown 
Ligurc 26 + 65b. 

IJWU OM 




\ 7 r - j — l 1.00 n 




Fj NUIL "»' V JXDit 



ilgMrt 26.65b 

The junciHHt ni 1c ha* hecn u*cd lo «rile the third currcni<m (be 8.0 V haitcryi m tcrais ofihc othet eurrentv Apply 
ihc loop rule co loop* ( I j and (2) lo oblain two cquotion* fot the two unkoowni / and / s . 
l'AM i ji : Apply ihe loop ni le to loop(l). 

i2.o v-z^loo n)-/ ( (2üon|-y ; )Loon)-io.ov-/ J (3 i oo n)- ;,(idon)»o 
2.ov-/ t (4.oon|-/ ; (4.oon)-o 

(2.00íi)/, +(2.0012)/, = LO V eqXl) 
Apply ihc loop rufc lo loop {2}* 

-/,H2.oo íi)-U-/ ; )(Lüonl-8xi v-(/,-/ s )( zoo nt+/ 3 (3.oonl* 10.0 Vt /,0.0o íi)=o 

2.0 V -(5.00 £ J i / 4 (900 O)/, -O eq.(2) 



Di rccl -Curren! Circuit* 26-25 



Solvc cotí) fot /> and use talo rcplacc / ittcqf2i 



/¿«OJO A-/, 

2.0 V -(5.00 £li/ + (9.00 O»0.S0 A-J,)»0 
)N0U|/ -6.50 V «i / t - (6.50 V)*(l4.0O)-0>464 A 

f, ■ 0 51X1 A - 0. 464 A ■ 0.036 A. 

Thccurrcni mine 12.0 Vbatlcn i* /, -0.464 A. 

Eyammtk: Wc can appíy thc loop rule to loop O) ai a check. 

íi2 i ov-/ t (i í oon*2.oon<-i.oon)-<; t -y í K2.ooníLoont2 i oon)-8 í o v= 4.0 v-lk6 v-2.14 v-o. 

.1 * if ¿hould. 

lofcvriFY; Sitnphry thc resistor nciworkx ai much ús posible uung thc rule íor >cric& and paral le I corobinatiotu 



of resillo** Tíwn appty KirebboíT* lans. 

SKT ITí Fim do Uic wf ic*. rsiralld reduction. Thti give* thc circuii in Figurc 2666. Tbc rale at which thc 
10 0 O resistor genérate* themial encrgy bP« . 

KMMI I H ApplyK<rchhon\bftsand*ühefor £ . Al'^ «0: -(20O>(2 A)-5 V -(200)/, -0. 
Th*4gU« J 3 --2.25A Then J,W 3 -2A givw/,-2 A-(-2.25 A>-4.25A. 

A F 7 ^ m(k »5 0X4.25 A>+í-(20OX-2.25 A)*0.ThKgives £ - -109 V . Since £ ú calcubtcd to be 
ncoaijvc, it* pobrity *hould be revened. 

Ib) Thc paralkl nctwork that contain* thc 10.00 resistor in onc branch ha* an &|imalcnt rcsislanco of 10 A. The 
voltagc aero» cach brancb oí thc par&llcl nctwork i* V tm - Rí - llOfiX-Ai - 20 V . Thccurrcnt in tbc upper 

branch is / - L _ £ii^L_l A > tt-£,aa /' Rí - £ . wberc £-60.0 J . A| a <l0OV -60 J p and t - 1X5*. 



EVAI.CATE: For tbc 10.0 0 rcu*lor. P - t 'R - 4 44 W . Tbc total ratc al which eléctrica I encrgy i* inputcd lo 
thecircuil in thccmf ¡* (5-0 VW2.0 A>*<I09 V)(4.25 A)-47J J . Onlya imall fraciion ofthe cncrev ¡s 
in thc 10 0 O resistor. 

20tt 




Figure 2 6,66 

26.67. lot:viu\: In Figure 26.67. pomis i/anáV are al thc %amc poiential and pointsif md h are al thc «ame polcntial. 

sowe can calcúlate by cakulating V tJ . Wc know thccumrnt ihrouuh tbc rciisior ihat i* betwccn poinls c and 

j Wc ihuscan calcubtc Inc Icmiinal voliagcof thc 24.0 V hattery withoul cakulating thccurrcnt ihroueh ú 
Un 





I2.0V 
S IO00 


t 

— 24J)V 
T *' 


1 


i-ron 26M1 



K */(l0.0O|fl2.0V = F 



v -r *ii7 V; y -K m K -r =12.7 v 



EVAl.L'AYE: Thc vohage «tms each parallcl branch muti be thc &amc. Ibc cunent Ihrouuh thc 24.0 V battery 
be (24.0 V- 12.7 V) | Lll.díi.i- l 1> A in Inc direction htaa. 



26.6S. ¡DEVnFY: The currcni through Ibe 40 0 fl rciiitor cquaU ihc curra* through Ibe cmf t and thc curren! through 
cacb of thcolhcr rciiitor* ¡* lera than or cqual co thi* current. So, *et - 1.00 W and u*c rh¡* lo miIvc fbr thc 
cxirrcnl / ihrough Ib: cmf. If r\ = 1.00 W. thcnPlbr cachof Ibe rther reactor* b k*Mhari 1.00 W. 
Si:r l T r; l \r thc equivalen t rciituncc fec serie* and puralkl comhinalioni 10 sjrnphry thc circuii. 
EXKriiTE: S'R^P gira ' i*40fl) - I W ( and j - 0158 A . >hm uKieric* 1 paral kl rcductiun lo Mmplify Ibe 
circuil. The uppcf rural kl branch is 6.38 ti and thc lowcr une is 25 fl, The *eric*ium i* note 126 £1 . OhnY* law 
give* £ ■ 1126 ANO. 15S Al ■ 19,9 V . 

Evaj.caTE: The dowct ¡nput frum the cmfu St - 3.14 W . so ncarly <HK*thtrd of Ibe lolal powcr ú diuipaicd in 
ihc 40.0 fl resistor. 

26.69. IitKM JtA andSKT Uf: Sirnpliry die circuit by reptacing ibe paralkl nctworki of rcMitor* by iheir equivalente ln 
ihn ximplificd cinruil appty the loop and junction rule» 10 tlnd the curren! in caen branch. 
ExKCt'TE: The 20.0-A and 30.0-fl rcsUlori are in paral kl and have euuiv&knt rtiittancc I2.0fl> Thc two 
resfalo» R are ¡n para) leí and have cquivalcni rcüi&iancc A2. The circuit U cuuivaknt to the circuit ikcichcd in 
Figure 26.69. 




< 

Fijturr 26A9 

{■) Calcúlate by iraveting al«ic the branch that coniain* Ibe 20.0 V batlcry, xtncc we know Ibe current in that 
brancb. 

^-|5.00 AK 12.0 £1) -(5.00 A)(lK.Ofl|-20.0 VsF 

v m - *; - 2ao v + 90.0 v * tu v - 1 70 o v 
*;-r 4 =*^=io\ov 

.V r i:i)(iVm.V-l^iV ( irilh Ibe upper terminal +■ 
<b) /, ^(I6l0 V)(K0Íl) = 2rxiA 

Thc juncium rule appticd 10 poini a gives i¡ + í t - 5.00 A, w /, - 3.00 A. Thccurrenl through tbc 200,0 V batlcry 
i» in Ibe dircetion rrom ibe * lo Ibe * lerrninaL a* .shown in the diaviam. 

M 200,0 V - Y, ( Rf 2| = 1 70.0 V 

(3.00 AHnV2) = 30.0 Vio 20.0 £1 

EVAJ.CATE: Wc can check the loop rule by going ctackwixc around thc ouicr circuit loop. Thi* give* 
*20.0 V * ( 5.00 A )( 1 8.0 fl * 1 2.0 fl ) * ( 3.00 A )( 1 0,0 fl) - 200.0 V ■ 20.0 Vt 150X1 V + 30.0 V - 200.0 V, 

whkh doe* cqual renx 
26.70. lOESTin': P„ - — . 

Stí UP: Let Abe Ibe re«tf*nce of c*cb rewtícc 

V 1 

ExKrtTE: When thc rcsiMori are in .serien R^-Ml ^nd When tbc reiblonarc in paralkU fl^-fl'3 

r* ^* 

r¡- -3 — -9P -9127 WI-243 W. 

E\ aj.I'ATE: ln puralk). thc voltaje acruju cacb rciülor is the full app-licd \oltage V, ln serien Ibe voltage acrosi 
cacb mutor tt V '3 and each njlÉV diiMpatc* k» powcr. 
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71. Ideviifv and Mr i>: í ot paiMniuw that ibe rull emf b aero» caen rc*¡*tor. tnoart (bK calcúlale thc powcr 
dbsipaled by thc cqun alerfi rc*i*tancc. and ¡n iltih expresión expteu íí and JT. ¡n icrnii of /, , F And í\ 

EXETLTK: /> - £ : . A %o R. - f 1 7; 



la) Whcn thc resitfor* are coonected ki paralkl lo thc cmf* thc voltagc acrtu% cach rc&itfor i» 5 
dbsjpaicd by cach rcibtoi b ihc ame a* ifonly (he onc rcsbior wcrc connected* P u = 1* * 
Ib) Whcn ihc resistor* coimccicd in serie* thc equivalen* renstance is R^-R t + R t 



E\ AM ATE: Thercmltinpart<b)canbewntlena* Our remita are thal forparallcl Ibe powcr* add 

'■tí 

and that for serie* Ihe rcciprocaU of (he potver add. Thb b oppositc thc rcmlt forcombiniiig rc*biance. Sioce 
tcll* u* IW b proponional lo .'. i. ii . jLci *cn*c, 
2Í.72. EDDfnn and SKI Ur: Juit afkr thc swilch i* elcaed thc charge on thc capacitor b xcn>. Ibe voltee acrou thc 
capacitor b yeto and Ibe capacitor can be replaccd by a wire ¡n analy/ing the circuí t + Aflcr a tong time thc currcni 
lo ihe capacitor b «rxx so Ihc currcni through R, b xcn>. Aftcr a long lime ihc capacitor can be replaccd by a break 
in ihe circuí I- 

RXíicUTE: (ti) lenorinv the capacitor fur the momcni, Ine equivalen t resístante of thc iwo parallcl resillan b 
— — + = :JL. ■ 2.00 fl, In ihc ab*cncc of ihc capacitor, ihe total current in Ihe cíicuít (me 

6oon xoon &oon ** ^ 

£ 42 O V 

onrn ni through the K00Q rcsbtor) would be t= — ■ 4.20A . ofwhkh 2/3, or 2K0 A- would 

r s.Don*2.Don 

gD through the 300 Q rabiar and l/J.or 1.40 A* vtould e« throuph thc 6.00 lí resbtur. Since the current 

through thc capacitor h givenby / - — .al the intfant .* - 0 ihe círcuil behavet a% ihrough the capacitor » ere 

R 

not préñenla vo thc cúnente ihrough the varioui rctbiori are a» calculaied ahove. 

ib) Once the capacitor b fully charged. nocxirrenl IIcavi ihrough that part of the circuit. The S.00O and the 
6.00O reculón are oo«^ in *nc*. and the cwrcni ihrough thern u i & £fR =(42.0 V>*(8.00n* 6.00 íl) s J + 00 A. 
The vdiage drop acrou both the 6.00 ti re»bior and ihe capacitor u thui r-jff-(3 + 00 AKÍ» 00O)*110 V. 
(Thcrc u nocurreni ibrough the 3.00 O reibior and w no roltagc dropacrow itj Tbc charle on ihc capacitor i* 
Q*CV *téM*W* FK18.0V) = 7.2kI0^ C. 

EVA1XATE: The equivalen! resiitance of R : and R t in paralkl ú \&% iban R t , «o initially ine current ihrough 
ñ b larger iban ii* valué añer a long lime han clapscd. 
26.73. U» Iwkmu'V and Ser ITp: The circuit b iketchcd in Figure 26.7*3 




With the *v*ilch i»pen *crc b r 
hUircni ibrou^h ii añil then? are 
Litüy the tv^o currentii /, and /. 

ii'Juji'j'.J . :i ' Iil vVlí^ h. 



=¿^V-0 

The poteniial drop acrou cach paralkl branch 1% 36*0 V. Use thb fact lo calcúlale / and i y Thcn travel from 
point a lo point b and keep track of ihc poieniál re*c* and dmps morder lo calcúlate l\ + 



2£*tt (Tiaptrr 2é 



- / (6.0O O + 300 O) « 36.0 V - 0 
36.0 V 



1 ÓJJOÍ1 + 3.0O n 
-/\{3.0O íl * 6.00 £1} * 36.0 V - 



36.0 V 



-4.00 A 



3.otm*6üon 

To calcúlate = ^ ~ ' k ***>n at poini /■ and travel topoint a* adding up all ihc poicniial rbc* and dn^ alone thc 
way. Wc can do ibi* by uoing frotti up through ibc 3.00 £1 rcñiton 

F.-*;*<4.00 AM3 00ni- 14 00 AK6.00Í1)- 12.0 V -24.0 V* -12.0 V 

c-12.0 V (point U 12.0 V tarar in potencial iban point h) 
Evam: \tí : AltcTnalivcly. wc can go Irom point . l| down through the 6 00 (1 rcsUior. 

- J' B *-<4.00 Atfó.00 0)r(4JXl AH3.00 O) - -24.0 V + 12.0 V* -12.0 V k i*taich chccka. 

(lM iDEvnrV: N'ow thcrc are múltiple currcni palta, as ¿howti in Figure 26.73b. Un: junclion rule lo write Ihc 
currcnl in cach branch in icnmof threc unLnown currcnl* A, and Apply thc loop rule lo threc loop* (o gct 
ihree cquaiion* Ibr Ihc threc unLmwnv The larget variable is />* the current through ibe vnitch. fí^ u calculaicd 
. wbcre / i* ihc loial current thai pawi through thc nctwork. 




Ttic ihrcc unkno^n current* and /, 
ire bbcled oo Figure 26.73b. 



Kbjurr 26.73b 

EXECUTE: Apply ihc loop míe lo loops i U i2i and (3). 
loop<h: -y ( <6.00 íl) * /,<3.00 íl) *■ ^0.00 íl) * 0 

4-2JÍ-JÍ «ld> 

loop<2): -jI* + fMM £!)<■(/, -/J<6.00 Ci)-A(J«n)s0 
6/ a -12^-3/, ^0»2/,-4A-/ t »0 
U*e eql I ) to rcplacc J ? : 

3/^6/, and/, -21, c*<2) 

jopj; <; |¡ ilhi* loop ¡* complctcd ihrouch ihe haltcry (not *hown|* 

- /, ■ 6.üi i n> - </, + ; . M3.oo n> * 36 o v = o 

W, + 3/» - 36.0 A and 3J, t/,a 12.0 A eq.<3, 

Uar cq.<2> in eq.(3) lo rcplacc 

3(2/ l )*/ l -J10A 

A -12.0 A/7-1.71 A 

/,^2/ í *3 í 42A 

I 3 '21,-1, ■ 2(3.42 AI-I.7I A -5,13 A 
The curren! inroiuth the rcwiich i* /. - 1.71 A. 



the directlon from the - lo thc t- terminal ) 
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(c) Fmmihe mult* in pan <a> thc curren! thiough the batlcry is / = /, + Jj = 3.42 A* 5.13 A -8.55 A, Tbe 

cquiv alcni circuil b a tingle rcwtor thal produce» Ihc tamc currcnl through Ibc 3íU> V* balterv a* iboutt in 
Figure 26.73c, 




/ S.55 A 
Figure 26.73c 

EVAIXATE: With the*witchopcn(part a)*po¡nt A wat lugbcr rwtcmialihanrjotnld. *owhcn ibc vnitch u clo*cd 
thc curren! tlow* ¡n ihc direction from tina. With the ¿witch clo&cd the circuit cannot be *imphlkd uiing «erice 
and parallcl combinalion* bul (hete i* ¿lili an equivalen! rcii&iancc that represen!* thc nctvrork. 

26.74. IpevfifV: Wiih .Vopcn and afler cquil Arium ha* been rcachcüV no currcnl ílow*and (he voltage aero» eacb 
capacitor b 18.0 V. Wbín^UcIcatiLcunciu/ftnu^ihruugbibc 6*0Oft and 3.00 fl rcaitorx 

Sur t 'r: With tbe iwiich closcd* a and A are at Ibc ame potcnlial and (he vollagc aero** ihc 6.0(1 fl rc*i*tor 
cquab the vottage acnu* Ibc ft ,i)ü fif capacilor and ibe voltage U the same aero** tbe 3.00 ¿jF capacitor and 
3 .00 O resistor 

EXKc tiTE: ía) Whh an open iwitcb; K i i£>IUIV. 

(b) Poini j is at a hjuhcr potcnlial unce il n dircctly connected lo ibepoiitive icrnuna) oí the baitery. 

<c> Whco Ihc *w ¡ten w closed I8.0V - /|6.00fi»3,O0fi) . í ■ 2.00 A and V k *<2.00AK3JWn> = 6J)0 V. 

tdHmtially ihc capacitor* charge*were ( i * 3 DO - 1» l ni H 0 VI- 5.40*10 1 C and 

IV (i (6.00x10 FKIRO V) 1.08 <10 ' C Uta thc nrffcli ]% dOMd 

ftsCrsf 3.00x10'* FK1H.0 V-l2.0Vl=L80xlO* C and 

= CT = <6.00*10* FKI80V-6.0V)*7.20*10 4 G Both capacitor» lote 3 60x10 4 C. 

EVAI.l'AVE: The voltage aero» each capacilor dccreaic* v* hen the .svñich ¡* clo*cü\ because ihcre a ihcn currcnl 
through each rcsblor and ihcrclbre a poicniial drop aero** each rc*blor. 

26.75. Id£\iify: Thc currcnl through tbe galvunomclcr Ibr full'*calc dcOection »» 0.0200 A. For eacb connccikta* there 
are tv*o parallcl brancbci and the vollagc aero» each U the xan>e. 

Sm l'r: Ihc lumof the tv*o cunentv in ihc natalkl hranche^ for each connection equaU Ibccutrcnt inio the 
meter for that cormccikxv 

ExtXUTE: From thc circuil wc can deriw Ibrcc equationx: 

<iMtf, + /í - ÜT.KCI .100 A -(M)2l»Al-í4S.O««0.lj2flOAiJnil fi t H. * R t - \2ÜH 

(ii)lJT, -ff.Xl.OU A-0.02lfOA* -í-ÍK.OÍl • R. tKKO» A* and 0 (HíU*V ■ 09SOn 

(uí)/í J (IO.OA-0.0200A)-<48.0ntff ; ^JV l X0.0200A) and Jf, - CUtó/í - 0 ü»Ctf. - ** 
Fromíií andlu). íí ■ l'-Sli From Ui) and (tü). X, - 1 Oft £2 Tbcrcfbrc. ff É -O.I2n. 

EVALUÁIS! For ibeO ICO A selting the circuil conwtiof 4S.0 fl and 8. t í - Jf- - I2.0Í2 in parallcl and Ihc 
equivalen! rcnütlancc of thc meter i* 96 fí ■ For each of thcothcr 1**0 ¿citing* thccquivahmi rc^i.tiancc of thc 
meter ¡& letu than 9.6 H , 

26.76. Ii^Min : In each ca*c thc *utnof thc wltagc drorn acrou thc raUion in thc circuit mu*i cqual ibc full'Wiic 
vuJiagc rcading. Thc rc^Ulors are in ftcr¡c*io the loial resbiancc \* Ihc mm of thc rcsÍKiancc% in thc circuit. 

UP: For each range «ctting thc circuil bai thc form «bov«Ti in Figure 26.76* 

t iK - \a>mA 

i^T 7VW 7VW 



Upare 26.76 

3.00 V 

Fot V - 3.00 V # - % at>l thc toul mcicr .v.ancc í u U í - P lt » 
K 3 00 V 

y~i h R M <oJL = — : =3.00x10' n. 

1.00x10 " A 

jLaJL+A » ft*JL - a =3.ooxio' n-40.on = 2960 n 



24-30 <Ti*ptrr> 



15.0 V 

Far I'* 13.0 V. J? = /t, + /tj and Ibc Mal meter rc*i*tance t* JE^ mM^ * f{ + Jt ? . 

K-JJt *oií = — - — — =1.50* 10*11. 
" / t 1.00*10*' A 

*i ■■L-Jh-Jl =i ,50*io 4 n-4aon-2%on=i.20*io*n 
150 v 

For r ^ 1 50 V.R - + * ; + X A uid ibc loial nxter rcnitance « - . « » Jí> * *Y 

rt t -tf.-rt tt -Jf,-* a -i.so*io* n-40.on-2%oii- 1.20*10*12= 1.35*10* ir 

EvAI.t'ATE: The greater ihc loral rcsisuncc in *crics uuide Ibc mcicr thc greater ihc potcmial diffcrcncc bctwccn 
thc two conneelions lo thc meter wben thc *amc 1 .00 mA current ílow* ihrough it 
77* iDEvnrV: Connecting ihc vultmcicr bctttccn noint b and c round give* a rc*ixtor ncintirk and wc can *c4vc Ibr 
thccurrcnl roiough cacb resillar. Thc v^imckr rcading ct^ak Ihc poicrtbl dropacnui ibc 200 kil resudor. 

SET i' y* Fot re*i*tor* in parallcl* — !— - — i*-!- Fw resistor* in vene», A = * A\. 

EOCimt (»> A -lOOkíifj ! + ! l *l40ktt Thc total curreni i* / = D4 °° kV = 2.86* 10 1 A . 

t 2Q0kfl Hiktl) I40kíl 

Thc vofiage acra** ibc 200 kO resistor ti Í2J6* ID 1 Al] — ! 4 — ! — I -1144 V. 

, 200 kíl 50 kíl J 

<h) If *¿ = 5.00x10* íl t roen wc carryout ibc same calculation* asabove lofind ff^=292kll. 



í »!.37* 10 * A and K M - 263 V 



HlirjX.ittVlM fl^ - 300 kil. / = L33*10 A and 1^-206 Y. 

EVAIX'ATE: Whcn a vollmctcr of finjic rc*i*tancc is conncctcd to a circuí», current flow* Ihrough thc vollmctcr 
and thc presente of thc vohmcicr aJtcr* ibc curre nu and voliagc* in Ibc original circuir TbcctVcct oflbc vollmctcr 
on thecinruil dccrcascs as thc resastance oflbc vollmctcr mercases. 

26.78, IdevtifY: Thc circuit consisis of hvo resistor* in scocs with 1 10 V appücd acras* ibc serró corobínaiion. 

Skf l.Tpi Ibc circuil rcsislance ¡s 30 kfi * R . Thc vottmeicr rcading of 68 V is thc notenlial acras* ibc voltroetcr 
terminal**, cqual to /<J0 Ul> . 

110 V 

EXErtTE: /(30Ul) = 6K V gim l6SVH30kn* *) = <I10 V>30kíl and «-IS 5IH. 

Evam:aTe: Thn » a roethod for measunng large re*i*ianccx. 

26.79, IüeviiD' and SET Vt: Zero current ihrauvlt ibc caKanoroctcr mean* roe current / t thraugh + Vis abo Ibc current 
thraugh 3/ and ibc current /* througb P \% ibc same a* ibc current ihrough X And it mean* ibat noini* b and c are al 
thc same poicntial. *o / ( *V = KP - 

EXEOm (ti) Thc voliagc bctwccn points o and d i* f , so /, = f and = — £— . taiag the»c 
e^rwioiMm / ( iV*/ 3 PgÍve» — £ — ,V ^(P* + .\CT * /»3/ and X-MP X* 

^ 15.00 n 

E\ AIXATE: The mea*ureroenl «í A r docs nol require Ibal wc kn*™ Ibc valúe oflbc cmf. 

26.80, Idevttfv; Add rc*i*lor* tn serie* and parallcl with thc %econd galvanomclcr, so Ibal thc cquivalcnl re*i*tancc i* 
65.0 D andsoibat for a current of L50nv\ ¡nto ibc device ibc currcni through ibc gabanumeicr i* 360 //A. 
Sur X^Yz ln arder for ibc sccond galvanomcter lo give thc same rúll**calc dcHection and to have thc tamc 
n»i*iancc as thc ftrsU wc need two addiiiunal re*i*tancc* as xhown in Figure 26.80. 

EXKCliYE: For 360 ^A ihraugh fe roe current througb R is IWraA . Aand ^ are in parallcl sohaveequal 
<3 6uAK3K0n>MM%mA)JÍ and R -9\A mil . And for thc total re*i*tancc tobe 65.0 Q: 



S5.0 li - * * and R. - 6U 11 

3H.0O Q.Q9HÍ1 
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E Y Alt ATE: Adding ff, inpanlfel 
equivalen! rc*islutKC lt> 65.0 íl . 



kittcrs Ihc cqujvjkttt 




11' 



I i*urc 26JÍG 

26,K], IhtM Jh\ j:uí Sil" Cp: Wjthout thc meter, thc cireuil consist* of thc twr> resistor* in series Whcn thc mclcr ¡s 
conneeted, ¡ti resistancc is ¿dded lo Ihc circuit ¡o paratlcl wilh thc rc«Moí ¡t is corinccicd acrosv 

90.0 V 9Q>0 V 



-0*1107 A 



224 11 + 58911 

*;-/ ( ^-|ail07AH224nJ-24.»V;K í -/ í Jt J »|0Jir>7AK5H9nj-65 + 2 V 
(bKSi Tl'r: Tbc rc*i*lor rtttvreirk i* xketched ¡n Figure 26.8 Ja. 




Thc votirnclcr read* thc potcnlial 
L 1 l i j c i ii r. ^ c across it* tcrnun*il*» 
Ahich » V. If vre can find 
ihc eurrcni /| throu^b thc 
vohmcicr ihcn vre con use Ohm's 
Lus lo titul iu rcsíslaocc 



Figure 26 Jílt 

The voltee dr**p across thc 589 Q resistor ¡* 90,0 V - 2X8 V - 66,2 V. so 



f »— = 66 2 V =0,1 124 A. lite toIuhc drop 
58SD 



V 23 ít V 

ihc 224 íl resistor i* 2UV. = 0,1062 A. 



Thcn t - i,*!* gira J. = J - = 0,1124 A -0,1062 A -0,0062 A, A » — = V -3&4QQ 



D062 A 



i SiiU 1 : Tbc cireuil wilh thc vullirictcrconnccIcdUskcIcbed in Tigurc 26JClb 



^ «10 v ^ 

ilgan 26,sib 

EXfct i TF.: Rcptacc Ihc lwo resistor* in para lid bv thc ir equivalente jl* shown ¡n figure 26,8 le 



W j 



— «10 V 

Figure 2*JUc 

^ 0.1225 A 



R M 3840 O 589 O 
(3840 fllf 589 m 
^ 3S4GÍ1 + 5S911 



224n+S10.7n 

The porenlial drep across the 224 O resistor tben i* ffl-(0.1225 A)(224 íl) = 27,4 V, so thc 
jcroislhc 589 l: resistor aod across tbc volrmetcr (wrut ihc roltmclcr reads) is 90 0 V - 27.4 V 



2^32 OiapterJ* 



fd) Ev AJA' ATE: No. ony real vtiltmctcr will dnw «inte current and ihcrcby reduce (he current ihrough (he 
millonee whcue voliagc i* being mca*urcd- lhu& ibc pre^cnce i>f (he vohmclcr connected in para) Id with (he 
rc*biancc lotvcrt (he voliagc drop aeru« (hat rciiiloncc. The rciutancc of ibc vohmctcr is only about a factor of 
(en larger than ibc rcibloncei in (he circuid so (he votlmctcrhasa noticcablc cflcclon ihc circmi 
26.K2. lofcvnFV: Jwt atter thc comedión b made. tf -0 and the voliagc acro&s ihc capacitor U *cro. A llera long lime < -0 

tO 1*1 Ibc rale at wfakh ibc rc*bior áiwpxe% eleemeal energy ta ¿> = V* l* r wfeerc 1' ta (he vohage *oo» 

the rcsblor. Thc energy £lorcd in thc capacitor b q <'2C. The powcr output oí* (he sourec t* /¡ -¿V . 

* * 4.26Í1 2C </j C 

(iii) /; -ili - ii2i) Vi U<n - s.iKP w 
4,26 íl 

b] Artera longnmc. i !■ 0 , ao/J - 0./* - 0. /' D 

¥-\ ajxaTe: mitially all the powcr ouipul of the aourec i* duaipated in the rciistor Aftcr a long lime energy b 
Ktored in (he capacitor bul the amount *(orcd i*n*t changing. 
26.K3. iDEVnrV: AppJy (he loop rule m (he circuit. The iiuiial current determine* /f. We can then use ibc lime comiam 
to calcúlate C. 

SKT UP: The circuit b ikctched in Figure 2&JE3. 

Initially, the charge of the 
capacitor « aero. *o by 
v*qtC ihe voliagc acroa 

the capacitor ti zxro< 



ti • 6,5 X 10 * A 



t «urr 26.K3 

Thc toop rule Ihcrcforc gives € -;/í - 0 and A* = — = — 110 V — = [ ,7x10* £1 

r 62 % 

The (imc connant U given by r- RC (Eq.26.l4K v« r - — 6 jit". 

EvaIA'ATE: The rc*i*tancc u large *o (he inilial current bsrtuIL and ihc lime corrtioni i* laige. 
26.K4. ID&V11FV: Thc energy siorcd in a capacitor b U = q 3 ¡2C. The cfcetrkul powcr diuipatcd m tbe resí**>c b l' -;8 

^ a 

SkT t T P: F*tr a dbcharfiuig capucitor, t - - — - , 

E X,X„k : Wüo -£-J!™g_«7.10J. 

2C 2í4.62"IO*F) 



?Cj (S50flK4,62>:I0 4 Fr 



«-«.^.^.e-J.™.*-,.^..^,.^...».. 



EVALUATE: All the energy originally %iored in thc capacitor b dU%ipa(ed current Jim ihrough (he roi&lor. 
26.K5. iDKvnrV: q - Q¿ ' rt . The time conMant b r - RC . 

BkVUn Tbe tharge ofonc cWetroo ha* irugmlxiA: e- 1.60x10 _ *C. 

EUXUTE: (a) Wc mil say Ihal a capacitor bdittharged ¡f üicborge t% lc**than thal of one electrón. Thc lime thb 
takciiilhengivenby í-CU *. *o i **ChíSV*t-tfi.lxU? 0X9.2x10 r F)ta(7.0* W* D J L6xlQ-*0*lM6< t 
or 3 1 .4 iinw con^lanii. 

EVAIXATE: <bl Ai thoun inpurt U). t-r\níQ t .fq) and *o ibc rumber oriimecoraiam* required lo dbehanje 
(he capacitor n independen! of Jt and (\ and dep^id.^ only un the initioJ charge. 

lutivnrV: Thc energy cbanges expooeniialry^ but it doe* not obey exaciry (he same cqutfion os the chorge unce 
ii i* proportional lo inc.?t/uc?iv oT(he cbarge. 

(a) Srr Ur: For charging. V - &¿2C * (0, é^f/X - w**. 
ExixtTE: To reduce thc energy lo 1 'rof it» iniüal valué: 

ty**t> 



lb>SF.Tl>: Fordiscliarging.U- f/'2C-[ÍJ<l tM }ft2C' u^o 

Torcnch IV of üie máximum eocrgy. U^Jt - C/ M < ] -é**fm*t~ -JfCln| 1 - 
E\ ALIATE: The time toreach IV of thc máximum cncrgy ¡s not thc same ai thc time todischarge id I V of Ihc 



2A.K7. IdevfifV jndSiT Cp: tor parí* ta) and ib) cvahuic ihc imcgral* jw spcciltcd in (he problcm. Thc curren! i* j 

lunctí : i isgivcnby Eq-f2rll3) . The cncrgy stored lü thc capacitor i* grven by $il£* 

EXKtliYE: (a) 

Thetottl cncrgy lupphcd b> thebattcry i* J ttír = j ' £*dí * * =(£*/£}[-£&'' * ]| ■ C£ 3 , 

i. />=í j * 

Thc u*al cncrgy disiipatcd in thc resistor i* 

IctTlKfindchargeoainccapicrtortt Q-C£. Thc cncrgy stored i* V = Q* {2C)~ ' : Thc final cncrgy stored 

in thc capacitor | T (T | - tolal cncrgy suppbed by ihc baitcry (Cf*)- cncrgy dásipaicd in thc resistor ]-í y i 

(d) EvaIXATE: ¿ of ibc cncrgy supplicd by thc battery u Morcd in thc capaciior. Thn fraction i* independent of Jt. 
Thc oihcr - of thc cncrgy supplicdby ihc baitcry isdisupalcd in thc resistor. Whcn R is trrall Ihc curren* mnUlly 
is large hut dic* away quKkly. Whcn R u Urge thc currcni inilialry u stnal] bul latís kmgcr 
lOEVriFY: í: - J " Ptit . Thc cncrgy stored in a capacitor i* U=<fí2C. 



**■ gira PmpRmQL-** 1 * «nd g«-^rf%"^A- * C «&1../A. 



RC 

Y.\ \i t atk: Incrcasing thc cncrgy stored in thc canacilor mcrcatc* current Ihrough ihc resistor as thc capacitor 
discharges. 

[DDfim and SfTt IJp; 

EXECUYE: (s) Using KirchhofTs Rules on thc circuit we luid: 
Lcfl loop 92-140/, -210/j* S5 = 0=> 147- 1407, -2l0J ? -w\ 

Righiloop: 57-35A-2Í0/;*55=0=>U2-2l0/ 3 -35/> = 0< 

Junción rule: /,-/j+/>=0. 

fkilv¡r^f«trKlr*«currcnti^ha«: /,=0300A, Jj^OMOA, /^OJOOA. 

Ih) Lcaving tmly ibc 92-V batlery in thc circuil: 

Lctl loop: 92-140/, -210/v-0 Righiloop: -3S/ ( - 2l0/ : = a 

Junciion rule: í t — /j + /¡ - 0. Solving for thc three currcnis: 

/, - 0 + 54 1 A, /j a 0.077 A, 1 A - -0,464 A + 

(c> Lcaving onry thc 57 -V haltery in thc cimiit 

Lertloop: 140/^210/^0. Rightloop: 57-35^-210/^0. 

lunclion rule: I t ~i i + i i ~ 0. SoKtng for thc three currcnis: 

/, * -0.287 A, /j » 0J 92 A* /, - 0.480 A. 

(d) Lcaving only Inc 5S-V batlcr> + in thc circuit: 

Lctl loop: 55-140/, -2l0/,-0. Rightloop: 55-35/^-210^*0. 

Juncinn rule; f¡ — I t +/j ■ 0. Solving for thc three currcnis: 

/i*OÚ46A. J,*0¿3IA+ / fc = 0J85A. 

It) If wc sum thc currcnis from thc previou* ihrcc parís wv find: 

/, =0.300 A, /, = 0.500 A, i. - 0.200 A. juit as in prt ... 
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<í) Changing (he 57- V hatlct) fot an SO V batlcr) juu affccl* thc calculaitoo ¡o part íc). Il changei k>: Ldi loop 
140/, + 210/, ■ 0 Right loop: R0-35A - 210A = 0. 

Junclion rule: f¡ — /j +ij ■ 0. Solving for ihe threc curren!*: 

/, - -0.403 A. |„« 0.269 \ t t m 0*672 A. 

The total curren* lor thc full circuil w thc sumof ibMd} and (f \ aboye: 

/, = 0 I S4 A. t t m 0.576 A. / 4 » 0J92 A. 

¥-\ aw ATE: Thn problcm prcrcnu an alicrnaiivc mean* of solving for currcnbt ui mu tü loop circuid. 
26.90. Idenufv jtjíÍ Sur l'p; Whcn Cchangcs aflet thc capacitor i* charged. thc voliagc acroo thc capacitor 
Curren! flow* through thc rc*¡tfor until Ihc votaste aermt thc capacitor agam cqual* thc 
Encun (a)Fullycharged: Q-CV -(IO.OvIO"' 1 F1Í1000 VJ-i.OO* 10"* C 



(b) The ¡nilial currcnijusiaftcr ihc capacitor i* charged is f. t ¿illI±->-£--ÍÍ_ t Thb gjve*r(r) 

R R RC 



pe 



(c) Wc need a rcMitancc *ueh that thc currcni will be greater iban 1 pA Ibr tonger than 200 fu* Thn require* Ihai 
il/-200« ? r = 1.0xlO"A*i/lOOOV- 10xl0 ^ C L»#^.>#'d ^ 

IJ>*10'' A» j<9M* H '"^* and IgJff- fflnJÍ- UExIO* =0. Solving for A numencalty m find 
7.15* 10* O S /í S 7.01* 10' £1 

EyaIX'ATE: )f thc roi&lancc t too sirath (Hcn thc capacitor dncharge* too quickly.. and ¡f thc rc*¡tfancc i* too 
lar ve, thc current U nol tur ve cnough 
26.91. iDEvnrV: Conndcr onc «egment of thc nciwork atUcbcd tothe resl of thc nctwwk. 
St i \ V: Wc can rc*draw theeirvuil a» *hown in Figure «6.91. 

EvaI.I'ATG: Evcn ih«¿ch there are an infinite number of rcMiton. thc cquivalcnt rcsisiancc ofthe nctxvotk » fmitc 

»• \w 




26.92. Il*K\ l iti : Asmiem a vo 



"aponed bctwccn pointi j and h and consider thc current* that fio» ahxic each 



SKT tTp: The currcrn* are show* io Figure 26.92. 

Fm.i i tk: Let current /cmer at a and cxü al b At a there are threc equivalen! branches. so current úe//3 in cacti- 
Al thc next junclion point ihereare lwo cquivakmi branebes wcach gcbcurrenl />'6. Iben al f> iherc are ihrcc 
cuuivalcnibranchc*wiibcurreni/ 3 in each. The votaste urvp ftam ütob thenis 



i/ft Thi*mirtbeihe*ttnca* r = /JV . wJV «¿Jl 



EVAJ.t'ATE: Thc cquivalcni rcxitfancc n lew than /í. c^vn thouvh there are 12 retiüor* in thc aciwHtfc. 




IÍiíxj re 26.92 
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93. iDEVtiFV: Tkc nctwoffc « thc xanx ai thc onc in Chaltagc Probfan 26.91 . and ihai problcm *hwvi that ihr 
equivalen! rabiare a( thc octvrork M A - ^ft. 1 * 2Rfi t . 

UP; Thc circuil can he rcdnmn ai ihown m Ficiuv 26.93, 



"--"-rír 

Ib) r ■ ^ -vy ^ *» ±- ^ -_Üj_=_í*_ 

\rR í = R J *thcnR 7 = R t +jR t t +2R t R t =R t (\ + j3) and ft- 2i2 *^= 2.73 . So. for ihc mh *cgrocnt lo hjvc W 

of ihc original roltagc. wc nccd: —i— - t ' m 5 0.0 1 . Tni* ap * * 4 . and Ihcn K - 0.0DSK . 

0+ffr (1*2.73) 

(c> R r = l4ylxr*2*& giv« A, = MOO n * V< 6 400 * 2(6400 OKS0 *10* £1} -3.2* I0*Í1 and 
2(64000X3.2*10-0^10x^0) ^ Tr> 
(32*10* 0X80*10* £1} 

(d) AUrng a Icnirth of 2*0 rnm t>f axon. thcrc are 2000 *cgrocnu cach LO ;* m long. Thc voluge thcrcfbrc 

l*)ir /í - ■ n O .ihcn A -2.1*10' O and 0-6-2*10*, 7hi*givc* 

!_ r _ i 0.88. 

K # (1+6.2x10^)*" 

EVAIX'ATE: Ai R ¡nercases. /* dccrcuc* and ihc polcntial diftercnce deciva*c bm onc *cct¡on to thc oexl i* 



Finir* 26.93 




Maíínktk: Fikld and Magnetic Forces 




27.1. iDtvnri and Si.r Ir: Appiy Jui2? 2» lo calcúlale i 7 , üw ihc erara product ortinii vector* from Section LIO 
tUUIIB r-(*4.19xl0* ni s)t * | ■ 10* m*|> 

M a-(i4QT)í 

/ " ,.i l I 24x10 * Chl.40T|£(4 t l9xlO* mh)¡xÍ -(USnUt rn*|/xí] 

ixImQrjxim-i 

F -(-1,24x10 ' C|(L40 1^-3.85-10* m*)(-*)-(-6.6lCxlO * N|* 
EVAUtaTE: The dirtciHtm of ra«dff are *ho*n m l'iguxc 27.1a. 

Tbe righihand rule givci that f x B ¡* directed 
out of ihe puper {*£'dircciion}- Tbc charge i* 
negative «o ^ i* oppoMlc lo y ' B: 

F b ui the -i- direction. Tbi* aeree* with (he dircelion calculaicd wiih unit rector* 
MEXECUTB Jf-|L40T)Í 

F = qv*M = (-1.24*10 ' C)|1.40 T|i(* 4 19x1o 1 m l *)i*Í -|3JtSxlO* m*^**] 

/ -(-7.27x10^ N)(-/)*(6,68x 10^ N)í -[(6.68x10* N)f + (7.27*10 4 N)/j 

EVALUATE: The dircciioru of v and B are *h«ttn m figure 27.1b. 
r 

Ibc direction of f t*oppo*tte lo v*B ftince 

f i» negative, Tbe direction of F computed 
from thc nght»hand rule agrec* qualilalivety 
whb thc direction calculatcd with unil veclors 
Fxi 

Hcure 27.1b 

27.2. : ~Híc itei fnrec ^mi K~ zcn>, so thc nwnctK: and eravirv forcé* musí be cuual in munitudc and 




i 

Si:f Up: Tbe graviry forcé i* downward *« the forcé rrom Ibe magnetic Hcld musí be ufiward. Ihc charge** 
tclocírv and thc forcea are ¿hown in Figure 27.2. Since the charle » ncgaii>e h ihe magnetic forcé b oppcaitc lo thc 
rigbl-hand rule direction. The mínimum magnetic licld b when the licld b perpendicular lo v . The forcé b abo 
perpendicular t« B , id B U cither caxhvard ur wciiwanl- 

E\i:t t TE: )f 0 i* canrward* the riehlhand rule direct ion a into the pace and ñ out of the page*aa required. 
Tlwref.^ *b canard 
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EVALt'ATE: The rnagnclic fickl could alto nave a componen* 
contribuí? 10 (he forcé, but ibcn thc ncld wouldn'l have 



jkin? ihc northwuih dircciion, ihai would not 



+ 




Figure 27,2 

27 J. IDEVTOY: The forcé F on (he partido i* in ihc direction of thc dcflcction of Ihe particlc. Appty the nenthand 
rule tu thc direction* oí V and B . See if your thumh u in the direction of F , or opposiic lo Ihal direction. U*e 
F-|f|i0»ia¿ with ¿«W lo calcúlale/; 

Sr.r l."p: Ibe direction» ul' r . B and F urc &bown in Figure 27 J. 

ExíIí 1 te: (a) Wtacn you appry the righi'hand rule to * and S , your thumb point* cjrI, f uinthii direction 
10 the charle » potitive. 

<b) r'-| 9 |*tf»¡n¿-<K5l>*IO* 0(4.75*10' m*»l 25 T)ún W ■ 0,0505 N 

EVALUATE: Ifihepankrlchadncsaiivecbargeand vand B¿rc uncbanged. the particlc w-oiikl be ücfkcicd 
toward the weaL 

N 



r ijture 27J 

27.4* lD¿\im: Apply Mewtoii** %ccond law t wiih Ihc forcé being thc 
SefUP: 



1-AHi u: F -nw¡ -JVX 



r - 



rvrti ú - 



LM*I0 J ktí 



--(0.330 m* J üÍ, 



E\aj + i ate: The acceleration u in the -2 dirvciuin and i* perpendicular lo boih r and B . 
l m m im : Apply F - |l,'¡ v & o and *olvc Ibr r. 

ScTlfe Ao electrón ha* q --LóOxlO * C. 

IaiiclTE: v - , -9.4°x|Cr mj* 

\q\Bnnj II o^K* . — : T)*Ín6CT ' 

E VALI' ATE: Onry the comr*mcni /J»nc* ofthe magnetic freíd perpendicular to the vclocíty 
forcé. 

IdemifY: Apply Newton '* vceond lawand * " - (/ji/iM^o . 

Stí Up: f u the anule relucen the direction of 1* and ihe dtrcciKin of B . 



Minmclk Firid *«d Magnetie Forcé* 27-J 



Exi:c« TE: <a) The «tullen nocible accclcration surero, wtoen the motion i% parattel lo the magnclic field. Toe 
grcatcvt accclcration u whcn ihc veloeity and magnclic ílckl ore ot right anglc* 

<b,lf *-i<3.25*Í0" m^)- yilMn ^ thtro ¡dn^-O^ond ¿alU*. 

E VALIATE: The forcé and accclcration dccrcisc a* the angle^ jppruocfo^ ¿rirro- 

W*T- iDCVtirv: Apply f -•yrxfi. 

SETlfr: v-vJ,wMi »-3.B0k10 i iii/í. F.- + 7.60X 10 l N.F, «0.»d ^ = -5.20* 10 * N . 

Exixiti: (m) K -q{%\B, -vfi t )-q\\B 4 . 

*F t ¡q\\ * (740*10 N)/([7.g0x 10* CM-3M*Í0V'*)1 C -0.256 T 

/". -^(i^fl -1,0*1 - 0 h whicti b convittent wiih f ai gíven in ihc problcm. Thcrc b no forcé component alott£ 
(he ditection oribe vektcíty. 

(b> /í i\ not ctcicrmincd. No lotee due lo ihis componcni of B along ** ; mcaturemcni of Ihc forcé lelb ui nothing 

oboül . 

(O í *f-J i F t »fi i F í tff í / : ;-(-O.I75TH-»7.6Oxl0 i N)*<-<l.256TK-5.20xl0 l N) 
o* ■ /* - 0 A and F are perpeod»cubr<jngk ¡* 90°). 

EVALUATE: The forcé b perpendicular lo both r and B . *o r f u abo ¿ero* 

ExiXtTE: (a) Sel the cxprc*x¡on for F cuual to ihe gíven valué of toobtaín: 

^ <7.40xlO*N) , 
r = — — = i 3 B-106aiA 

-qB í -(-5.60k10*CM-U5T) 

' <-5.ÓO*KrC)í-1.25T> 
(b) r docs ool contríbute lo ibc forcé. %o i* not efetermined by a mcaaircmcnl of F . 

F 

EVALUATE: The foicc b perriendieular to both vand Ü . «> ff f «áw /wo, 
27.9* lotAiiM ; Apply F - %/v * B ta the Ibrcc on ibc proion and to the forcé «a Ibe electrón. Sol ve for the 
componente of 0 . 

Skf t'Pi /* b perpendicular lo boih v and B . Stnce the forcé on the protón i* ín the m -directíon. B r ■ 0 and 
B-Bj * ff* . For the protón, *-{1-50 km *)¿ * 

Uami u) i i / soxio m mí mí í -tiii-qsi M\ <uy iRtiíi y*. f-(2 25^io *N>y t 

so £ ■ ■ = -0 ¡ HK T . The torce on the proion u ínctependent of . For the 

(l 60*í 10 ** CM 1.50x10' ni'i) 

#-(475 km«M-A). / .¡r * B * .-«4 "5 * Kt miK-A)x(J / 1 £Í)->e(4.75K I0 1 wh)*J< 
The rnagnitudc ol the torce n F'^TSxlO 1 m | Since F ¿8,50x10"** N. 

Mi 850x10 — -L12T. tí - ±1.12 T . The sígn of B 1% nol delerrnlncd by measurvig 
< 1 60 x 1 0 ' CM4 75 x 10 1 ra *> 1 ^ B 

the magnuudeofine forcé onAc electrón B-^B¡+B¡ * JÍ±M2T) +(-0.9J8T) ; -Ij46T. 

tnnj'i _ ^ _ ^ í' - 340" A ii ín the rr- plañe and betther at 40" fromthe *.r-directlon tm^rd the 

-r^lireciMtn or 4(J' from the -r*dir«tion towuci the -r-direvtion . 
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(b) B-Bj + BA. v-02 kBkXrfi. 

F •«(3.2tflO > m4i)HlM2T|Á-(0.mT|l)--l4MKlO ** N)í±(5.71*IO rt Nüi 

r-J77777-7.47xlO*N to ntf-^- ^ w ^^ **±5ftO*. Thc forcc « «i thc c-planc and i. 

dirccted jt 5(i.O J frorn thc \ axb toward ciihcr thc *x ot — z axi*. dcpcoding oo Ibcugn of tf É . 
EVALUATE: Ifthc düection of Ibc forcé mi thc fir*l electrón wcrc nraturcd, Ihcn thcxignof wouklbc 
dclcrmincd. 

27. 10. Idemiey: Magneto: tlcld ¡irte* are clo*cd loops* so Ihc ncl flirt through any ckried Kurfacc Uzero. 

Sur LÍP: Lct magnetic fícld dirccied out oflhc cncloscd volume corrcfpond lo po&¡livc flux and magnetic fteld 
dirccted inlo thc valumc concern! to necative flux. 

EXECUTE: (i)Tbclolal flux musí be /ero. io ibc flux through Ihc rcmaíning lurfacc* mu*t be -OJ20Wb. 
(b) Thc *hapc of thc su/face ti tmirapoctanl^jtitt ihal il iicloxcd 
(c>Onc poMibihty n «ketched lo Figure 27.10. 

EVALUATE: ta Figure 27.10 all thc ficld linc* ibat enter thc cube abo exit ihrough Ihc turfacc oflhc cube. 





vX 










i 

— s \ 








* 









Pifare 27.lt 

27.11. Jin^Jin -i, Mi l i : b \i( JA 

Círcubrarca in ihc Yr-plane. f vr - r|ú D650 m) = 0.01327 m : and U tn thc r-duection. Utc 
I :q< L 1 8 i to calcúlate ihc icahr product. 

EXEtHE: M B ■\0ZmT)k: BwtddA are paral leí <<*-0 : t io B M-BdA> 

B h contíant dw thc circular arca *o - J¿ ^ - J¿ ¿4 - ¿jiif - |ü\230 TX0.0I327 nVI-3 05*10 1 Wb 
(b) Thc direction* of B and ¿¿4 are *houn in Figure 27.1 la. 

BÚA -ffm*W4 




0 and ¿ are comianiover thc circular arco so d>¿ i ¿; .. i | j" . . ■ .'.i ti n &4 i d i - i" v ■ . -. p i 
* 4 -(0.230 T)co*53.r(O.OÍ327m J |*l.*3*lO i Wb 
|c| Thc directioci* of B ¿ndJA are *hown in Figure 27.1 Ib. 

dA '- 5 ■ ¿ < - 0 since XI and are perpethlKxibr (^W) 



Fiftitrc 27.111» 

Ev alíate: Magncuc flux w a mcaaurc of how mam/ magnciic tlcld linca pa.t* through thc surface. lt i* 
máximum when B i* perpendicular lo (N: piarte of ihc loop{pntl a) jnd i*, ato when B vt para lie I lo thc plañe of 
thc loop {parí cL 

27.12. lotvnFY: When B i* unilorm aero» ihc ™t&c t <[> v - B Á - BA<í**$. 

SEF A ¡* normal lo thc airface and b direcicd ourw^rd frorn thc cncIrMed volurne. For mrfacc abetf. 

Á--AÍ . For turracc W, ^ - For *urfacc ucAi mó ^ 3 Sand thc llux u pontivc. 
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EWICLIE: (!) 'I:.':".:!-iíM*0 ( 

<b) tf^/*^)^ /UhOJ2S TXO.JOO mHOJDO mi - -0.0115 Wb. 

(c> 0,(0*0/1 ■ ■ &Amj - |<0 .1 IX TtíO 500 m)(0300 m) - tO 01 1 5 Wb 

<d)Thc ncl flux Ihrough Ib? rcsl of thc *-urfacei ¡imio *¡ncc thcy are panitlcl lo Ib: v ¿.m* The loUl flux i* thc 
sum of all partt above whicb ¡* /ero. 

EVALt'ATE: Thc total Oux ihrough any ck**cd surfacc, Ihai cnclo*c% a volunte. ¡s /ero. 

27.13. IdevtifY: Hic lolal flux through thc boltk h bccauic H b¡ a elosed surfucc. 

Si.r L r: Tbc total flux througb Ihc boltk ú thc llux thrttugh ihc pUmk plus ihc flux through thc open cap, no thc 
*um of ihctc muft be /ero. O . * 0 =0. 

= -0^ = -iUíx»*0 = -JUr)coiO 

i:\i;c IT» : Subrtitutmg thc number* givc* O^, - - (L75 Tl¡i<0.0125 mX í co%25 Tl - -7.8 * IO*\Vb 

EVALUATE: It woukl be imponible ki calcúlate thc flux ihrough thc plástic dircctly hecausc of Ibe compile 
shapc i>f thc hrttk* bul witha litllc Ihuuchi wccan íind ihñ¡ I1u\ ihrouch a umplc calculai»n. 

27.14, lofVnFV: p-mv and L - Rp * since thc veiocity and linear momcutum are tangen! lo Ihc circular txith 



EXJXtTE: (i) p-mv-m — — -Jfaff -R6HxlO * mX6.4*IO CMI.6S Tl = 4,94x 10 11 tenvi 



<b) £-^-^5-14.68x10 1 m) J <6.4xlO * CHl.65T) = 2Jlx 10 y kg-mV*- 

EVALUATE: j» i* Ungen* to thc orbil and L i* perpendicular ti> the orbil plañe. 

27.15. (a) IdKMIKV: Apply Eq.(27.2) Id reíale the magnelic foree / lo Ihe directora of v and B. Thc electrón has 

nccauVc charge so F is oppo*itc tothe direciion of * * B i ¿>f molion úi an are ofa cirek ihc acccIcralHin is 

tcw&rd thc ecnter of Ibe are so f musí be in this dircelion. ü ■ v J /ft. 
SCT Lip: 





Ai the ckciron moves in the scmicttvk* 
ib veiocity is langent lo thc circular path 
Thc dircclion of v t * & ai a point ukmg 
M n thc palh k *btm n in hiturc 27.15. 



0.100 m 

Figure 27.15 

EXCCtTE: For circular motion the aeccleration of Ibe electrón ¡*dircctcd in louard thccenlcrof rbecirek. 
Thut thc Ibrce f\ exerted by thc magnelic ficld. %ince it i* Ihc only f«tvc on the electrón, musí be radially imvard. 
Sincc q b negaltvc^ F Á ix oppoetite lo the direction en en by the righl'band rule Ibr r M x B. Thui B n dircclcd 
in*o thc page, Apply NcwionS2nd la w lo calcúlale thc magnituúc uf B : - w«r gíve* ^F^-ma 

tf ». < 9JWx»--'| g KUlKlflr^_ |fttMlttHT 

\q\R (1.602x10" ('H«.050mi 
(b) Ioíviim and SEí Vrz Ibe «peed of Ibe electrón as it movei ahtng thc naib h comrant { F w changci the 
direction of r but nol magniludc.>Tbe lime ii given by ihe disunce div»Jcd by v 4 . 

EXECIiTE: Thc diiianec aiom» thc semicircular rath k ¿R. u> t - — - ' " ^ l.l 1x10 1 % 

EVaLí'ATE: Thc magnciK fiekl rcojuired incrcoscíwhcn v incremci or ft dccrcaic» and al so dependí on the rrav 
to chatc.e ratioof thc parliclc. 

27.16. iDESTm: Neulon'i sccond law gives |^|v¿ - m R The speed \ is conitant and cquak v t . Thc direction of 
the magnelic forcé muit be in ibe direction of ihe aeccleration and \% loward the cenlcrof thc «enueírcular puth. 
Stí Vfz A protón ha» q -*L60x10 '** C and « = 1.67x10 j: V% . Ibe cüreetion of thc ma(tnetic torce bgiven 
by the nwhl-hand rule. 
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Exm.lt: W fl^^ L67 - 10 ' k8HI4l - HI ' m;0 ^.WT 

(L60x III i'illMMtr.» 

The dircctiun of ihc magnetíe ficld \% dui of Ihc page uhc charpe i» potiiivc), in ceder for f to be dircclcd lo Ihe 
tvAw at poínl . ¡ . 

(b) The time m complete half a cítele U J "*Jt/v é -l.llx 10*' e. 

EvAi-t ate: The magneto ftekl rcquircd lo produce ihi* paih fot a prolon tus a diJTcrcnt maeniiude <bccatiic of 
thcdiITcrcnt man) and oppoiitc dircciKm tnccau*c ofopposile «ign oí thc charge) Ihan ihe freíd required tu 
produce the path fot an clcciron 
27.1?. iDKVtlFY jnd&Ef Up; Use oroervation of cncrgy txtTmd tb: ipecd olttx balluhcn il reacbei thc botiomofthc 
thaft. Thc right-hand tule give* me dircelion of F and EqX27 ► !) giw* itt mugnitudc* The mimber of cxccm 
elecirvn» dclctrninc* ib: chargeof me ball. 

ExECliYE: í-(4OTxl0 , H-l í 602xÍ0 ,1> C)--6.40Kxl0^ 1 C 

tpccdai botioroof shraft: 4m> J v * J2¡? s 49.5 im 

r ñ doOTiwan) And 8 i* wcsi, *o i* - B i* norih. Síncc q<0* F u *ouih 

F*|f|itf*m0^(o*>Kx|O C|<49 + 5 m*H0.250T)*¡o9ir- 7.93x10 * f N 

lv\ n i \ ri : Boih ib: chatre and *pccd oí the ball ate rclativety *mall 10 thc macnctic Ibrce ¡* *mall. much leí» 
than me gravitv íbice of 1.5 N. 

27.18. Iiit Sincc me pjxttck move* perpendicular lo me uniform magnetíe Jichi, Ibc radiu* of il» jxith h 

H ■ ■ ■ . The magnelic forcé w perpendicular to both r and H . 

w 

Stí l e; Tbe alpha partidc ha» charge q m *2e- 3 + 2üx C. 

<J.20xl0"CXl.l0T1 r 
circular are of diamcicr 2R ■ 1.35 mm . 

<b) For a vety short lime inicrval thc displaccmcnt of ib: parikle n in thedircction of ib: veloeity. The magnelic 
Ibrce i» alway* perpendicular lo ihis. direction mi il doc* no irork. The work*cncrL'y ihcorcm ihcreforc say* ihat ihc 
kineiic energy of ihe parlicle, and henee il» ¿peed, i* contiant* 

, . . K \Av*émé 1320x10 " CM35,6xlO* m>*)( M0 T)mq90* mmU 

íc Thc accckrauon w a - -i - HJ 1 - - , - \M x tf 1 m*' . We can 

■" m 664x10* kg 

' ■ j 1 ' — ■ — - .i i ■. 1 1 i»' ix 1 . 1 1 r ofpan<aMoeaJcuUie a -lll^llílíllL- IXRxltf' »'i J ( thc ¡ame rc*uh The 
R 6.73x10 m 

accclcration \% perpendicular lo v and B and w* ü horizontal. tow + ard the center of curva ture of ibc paniclc*» rxith. 

E VAL* ATE: (d) The unhalanccd forcé (F é )h perpendicular to v,vaH ctunges tbe diroction of v bul nol tt% 

magninade. which b the xpeed 

27.19. IdimifY: Jn pan laK apply c*wwcr\'aiion of energy lo ibc motion of the i^Hirvuclei. In pan (b)apply |tj |i*JV = mv'íR* 
SEr Lip: In pan <aK leí pennt I be u hen ihe i«o nuclei are lar arort and let point 2 be uhen \hc\ are at meir 



EXECtTE: (m> r i +6 f l -JC 1 +l/ a ,-l/ 1 -ÍC J -ft u> K t - V¡ and y^/r. 

vac^J— s(1.602xl0^C)J — — a -l.lxloW* 

IjiñT 1/(3.34x10 * ^1.0x10 ^ m> 

rt ^- - . „ lf „ mv (3.34x10- lt«Ml.2xl0W*( A . , 

¿" * * ' .jr <1.602xl0 lv CK2.50m) 

EVAUi'ATE: The «peed calculaied in part la) ¡* large. 4% of ihe «peed of hght. 
27.20. Ji>t s ni ^ : F - i'>'-.ru- . Thedircction of F i* given bv me Kght-hand rule. 
Skf l."P: An electrón ha» q - . 

EXEftIE: (.) F-^» f - l-i-pí— Q0O32OW ° <N = 5.0OT. Iflteangle, « 

Pl y I^m7 H(L60xlO"CM500 t ()ÜOrn.^<iW B r 

lestlhan 90^. a larger fteld i» needed lo produce iheiarne forcé Tbe directíon of ibc fickl musí be to^ard me muth 

lothat pxfi ¡i dowmarcL 
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(h| F-\q\\B*mó. v = rr^- * 1 *0*!? — - *I.J7x lO*m/* + lfe> w lc«man W.ihe 



*pccd »*>uld nave (o be hrger lo nave (he *amc forcé* The forcé 1 U upward* n) vi muit he downward *incc the 
eleeiron ti negalive* and ihc vclocity musí he toward the aouth. 

EVALUATE: The componen! of A along (he dircclion of r produces no forcé uid (he componen! of r along (he 
dircc(ion of 0 prodtxcs no forcé. 
27.21. U) liuiMiKY and Sil Lp: Apply Ncirton \ 2nd law, wiíh a-^tR jtince (he paih ofmc partklc ii circular. 
l-Aniii: -má *ay* - A) 

Um (i-602«io ^cMrsoTHó^xio 1 mi 

y-U -835x10 m'% 

«i i ■ i * ..: kg 

(b) Idcviifv md Si.r l>: The ipccd w contfant w» r - dutance/v. 

t|o.%x10 ' mi 

ExEtUIE: l - — = -i , 1 - 2.62 x 10 * * 

v H.15xl0* mi 

40 lofcvnrv and Sr.r l>: kinctic cnergy gained - clcclrK poicntial cnergy knx 

ExilfuiE: ^jm^-fílr 

mv* O " ' ■ i" kflMSJSxlO 1 m/if 

I'-™ -! -lií l^TJTxlO 1 V = W7 kV 

:| | 2(1.602x10 " C) 

E VALIATE: The dcuiron ha* a mueh larger mj» to cbarge tnim (han an dcciron *o a much larger i* rcquircd 
Ibrlhc ame rand R* The dculron ha* po*¡t¡vc charge sogaint kinciic cnergy when il goc% from high poicniial (o 
i™ 



27.22. Idi ^ hm : Fot molion ¡n an arcof a ctrele, a*— and (he nei Ibrce i* radially tnward* toward the center of the 

R 

circle. 

Sur Up: Thc direction of the forcé inhown in figure 27.22. The mas* of a protón w 1.67x10"* kg. 
ExhCTlE: (a) f i* oppo*itcto (he hchl'Kmd rule dircchtxv so the ehaiirenixiMti^i; /■'-magivc* 

W^n^mll.^90^^ 

Pl m 12(167x10- kg> 

(b) t\ -|v|rfl«n^-3|l 60x10 " C)(2 H4x ICT m*K0.25O T)wn90**3.41xlO 11 N\ 

h + s ntg j 12(1.67 . i'i kg)(9J0roiV> = l .96x10 "** N + Thc nugnetie forcé i* much Urger man the weight of the 
pankle. *o ji \% a very j^ood approx ímation (o neglcci gravity, 

EVALiATt: (c) The magnelic forcé » ahvay* perpendicular lo ihc path and ducs no i*ork. The pankle% 
with comiant «peed. 




Kiture27J2 

27.2X lotA HM: ExampJe 27.3 xhowi lint Si - m 'fJ . where t'i* ihc frepuenev, in Ha ofthe ckctromagnciic 

M 

(hat are produced* 

Skf Up: An electrón haschaigc q ■ -^and ma&t m - 9.1 1x10 " kg. A proion has charge q ■ ?eand 
«1*1.67x10 r kg + 

EXCCiiTE: (i) H - '"rf - ^ ^ t0 — kgL.Ti3 Q0*IQ S ¡Q7 j Thb babout 2.4 (inici the ercaicM 
TT (L60xlO"C> ^ 

magnrtude of magnetic 5eld yel obtained on earth. 

(b) Proioni h.^v a grcalcr im.« (han me clectronft* mi a gieatcr maenelic field uoukl be rcouired lo acceleraie thcm 
with (he tamc fredi^ncy and (here 'n tmld he no advantage in mtta ibcm. 
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EVAUTATE: Elcctromagnctic wavc*wilh frcqucncy / - XO Til* liavc a wavclcngih in airof 

¿ - -1 - VD* 10 ' m The *hortcr ib? wavctength ihc urcalcr thc rrcqucncy and tbe grcatcr ib: iragnetic fteldibat 

i* rcquircd. B oVpcndt onlv on/ and on thc mat* -to eharec rallo of thc paniclc ihai movc* ¡o Ibe circular path 

27.24, lo*viuv TTic maenclic toree on thc bom bcndi ii through a quartcr circlc. 

Stí Up: Ibcdutancc that parbclc* ¡nlbcbcam travcl i**- JrV%andlberadni*ofthco.uarlcYcircle i*R - mi qB 
EXIftTE: Solvingfociígiwff-^^ ^n^- I IB cm^2) - 0.751 ctiv Solving Ibr thc magiwttc field: 
B - m\ qR - <L67 v 10 r kg)(]200 rn'*}[(1.60 * 10 '*CK&00751 m)J- 1.67x 10 *T 

EyaUtaTE: Thñ fkld ¡*about lOlinxs tfrongcrthanibc Earlh'i magnctic fcld^tHUmuchnrakcr iban marty 
taboraiory fíe ld» + 

27.25. IdeMWY: Whcn a particlc of charge — * ¡& accclcraicd through a potcntial dilTcrcncc of rnagnirudc uain* 

kinolic cncrgy éK Whcn it movci in a circular path of radm* R. ti* accclcralioci n — . 

R 

Sirle: An electrón hascharec g--* = -L60*IO " C andina» 9,11x10 _>1 kg. 

i uivc* 



2*V )2)l^OxlO rt C>(2.0D»<ÍO i V) 




9.11 



EXECUTE: W^^and v = J— ' — ^ 2 «5x10 rn* . F 



-aw— ^ ün*«wl* w <9.1UI0^g)a65-l0 7 in*> 

and — ('«-^cxaisoni) — OHxl ° T ' 

EVALUATE: Thc «nullcr ihcradiuiof Ibc circular path. ihc largcr thc magniludc of ibe magnetic fkld ihat » 
required. 

27.26. lotvnn : Aftcr being accclcraicd Ihrough a potcntial dilTcrcncc V thc ico ha* kinctic cncrgy qV, Thc 
accckration in thc circular path is v' fR. 
Milr: Tbc ¡on hai cbarge ■ 



EXEC t TE: K - ffKatfK. i«v' -eV and 



/2*r 2(1.60x10" CM220V) _^ . _ i i „ 



ri A |. |/y iLÓOxIO " CM0.723 T) 

EyaUjATE: Thc larger thc accclcraiing voltaec. thc tarcer thc *pccd of thc particlc and ibc larger ibc radiu* oí ils 
paih in thc rnagnciic ficld. 
27.27. \a\ IdKMIKV and Si l l'p: Bq.<27.4) giw» ibc toial torce on thc protón. At / - 0. 

F -q**É = i\vi + vk}xBi-qvBj. F -(LóOxIO " 0^2.00;* 10' m*)(0500 TJ^(L60xlO 14 N)/ 

4b) Ve» Tb: elecirk fietdcxcrt* a forec m thc direcbonof thc cicctric fícld» %¡ncc thc charle of thc protón « 
positíve and ihcrc i& a cornponcni of accclcraiiua in Ihix dírcciion. 

(c) Exkclie: )n Ibc plañe perpendicular lo B (thc i.-planct thc rnntíon u circular. But there i* a vclocily 
componen! in thc direclioo of B , ™> ihc motion b a bclu. The etectríc fícld in thc tf direcikm exeru a forcé in 

thc -ti dircetion* Thb Ibrce produces an accekration in ihc -t* direction and thn cause* ihc pttchofthe bclu to 
vary. Thc torce doct mtt atTect thc circular moiktn in ibc i;- plañe ^ u> ibc eleclric ficW doc* nol aiTcct ib: radium of 
thc hekx. 

(d) lotvnn andSKr Ur: Eq.(27T2)and 7 -la- ai to eakulate ihe penod of thc mol*on Calcúlale a t 

produced by ihc eleclric forec and ute a con^iant accelemilon equainm lo calcúlale thc d&placcmcm in thc x* 
direction intime 7T2. 

ExCCVTE: Calcxibte ibc period /: - r?; 

r^ 1 * = 2zm ^ 3g(l.67arl0 kg) =| t| ^^ |n > fc 7Km ^rn^^ift* ^ v -LSOxlO/rns 
& ]¿p (LÓOxIO C)(0500TJ 

F 11.60x10 * W C|{2 00- 10* Vital l( , 

ü t iL_ ^.1.916x10" mf* a 

m 1.67x10* kg 

X-X t -(1.50x10* mVK6 56-«]i> ' - II' ^^^10' s) - 1 Mí *m 

EVAUTATE: The cketric and magnetic fiehk are in the orne direction bul produce forcé* ihat are in 
perpendicular dircciuxu tocach other. 



Mafjwik l uid and Magnciic Forcé* *?■'.* 



27.28. lof.\im: For nodcllcction the magncltc And decirle fowcs muM bccqual in mavnitudc and i^h 



Up: v-£ 0 for no dclIcciHm Wnh only ibe magnctic tur..- l^-j^/j' /.' 
EXEttiE: (a) r-£/íí=<L56íílO*V/in)/(4.62>ílO , Tl = 3^K!ílO t nVi. 
(MTte dircctiomofmemrittvcctors i*. £and Jtarcskctchcd ¡n Figure 27.28. 



le) fl 



<9.|]kI0 1 kg.H3 JKxliy m.si 
í¡5"" (1.60x10'" CK4A2*I0- J T) 

4 



-4.17 * 10 1 m. 



| 4 -|iV i* (UtKlPnOO 

EVAUtAfE: For (be ficW dirccitons shown in Figure 27.28, 
ihc mjgncuc forcé is loward thc botiomof thc pacc> 



íkciru: forcé is towjrd thc top of thc page and 



I * 



tui. 
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lotvn»; Tur thc alpha portier to emerge (rom ihc piales undcflected. (he magnctic torce on them 
cxaciH cancel Ihc electric forcé. Tbc buticry produces an electric field bctwccn thc pbtr*. uhich acts on thc alpha 
pártales. 

Skf Upz First u*c cuctgy comcrvalion to ilnd Ibcspccdof Ihc alpha narticlcsas they cnicr Ihc nlatcs: qt r - 1/2 un'. 
The electric ficld relacen thc niales duc lo ihc battery is/f ~V\/t- For Ib: alpha particlct rxH lo be dcflcclcd* the 
mainel ic forcé muit cancel ibe electric forcé* u>q\B ■ ■'. . giving B ■ Efw 

EXIXLYE: Solvc for thc speed of Ihc alpha pan teles jusl as thcy cnicr thc región belween ihc piales. Thcir charge 
a 2c. 



l2(2iir J4(I.60*ÍÜ~C|<I7S0V) 
'N~=~ 3 J 6.64*10-' kg "" l * M 



The clcciric ricld bctwccn ihc platea produced h> Ihc batlcry. i* 

£*IV r <f- (150 V>'(0XHW20 m)- 18,300 V 
Thc magnctic forcé mu« cancel thc decirte forcé; 

B-Eiv* -<ISL3O0V)í4,ll - \tí nvsl - 0.0445 T 
The magnclic fickl is perpendicular to thc decirte tleld. If the cbargesare moving lo thc right and Ihc electric ficld 
point* unuard* the magnclic ficW i* out of ihc page. 

EVALUATE: The sign of Ihcchargeof thc alpha pariklc docs not cnter ihc pmbkm, so negaúvc chargci of thc 
same macniiudc would also rxn he dcflcclcd* 
27.30. lot.vim: For n» de Accti™ thc rnagnciic and elecrric forces must becqual in magnitude and opposiic in 



Hp: ¡oí no 

bECBin To pa« undcflected in botn case*. E = r*M5M*10 í nV*HUST) = 7898N/C. 
[a> Jf ^ -0.640 * 10 ' C\ theekciríc Ik Id direction isgiven by -íJx(-A»-i\ since it musí point in the 
direction to thc magnclic forcé. 

IbHf -0.320* 10* C, the electric Md diMMu gira by j, 

point in thc oppo*itc dircciton ai the magnclic forec Sincc thc parlóle has ncgativc charle, thc cketric torce is 
nppiisUc (o thc direction of ihc electric 5cld and thc nugnetic forcé is opposite lo thc dircciHtn it has in purt (a). 
EVALi'ATE: The same conñguration of electric and magnciK rlckls uorksas a vclociry selector for both 
posituclyand ncgatucly charged particles. 

lo^vnn and Skf Vn Use ihc fíehls in ihc vcloeity selector to Itnd thc *pccd vof ihc particles mal país ihrough 
Apply Ncnions 2nd law wíth */ - i" R lo thc circular motion in thc second región of ihc «pectrometer. Solve for 
thc tnasi m of the ion. 

EXCCtTE: In thc vetocity selector \Atí -\q\\B. 



E 



1-12*10* V/m 
D\S40 I 



2.074«IO' m* 



2T-W (hjpirrr 



In the rrgk>o of ihc circular paih — m¿ give* - wi» 1 * ¿í j io iu - |f |¿?¿f v 

Singly chargcd ion. 10 |g| - *c - 1 602 * 10 *' C 
wj (Í.602xlO A CKQJIPm»0340T^ 1 ^ x|o Jt ^ 

M*ih number ■ nuu* ¡n aiiwnn: nuu& uniLt. %o i* ^ ■■ ^ ■ 78. 

1,66* ICT kg 

E\ ALI ATE: Appendix D givc* Ibc average aioeiwc mau of sclcraum lo be 78.96, One of ¡t* üotopc* ha* atonuc 

27.32. loEVnn jiNlSr.rl >: Foca vclocity selector, E-vfl. Fot paral kl platcs wilh oppo<ilc cbargc. r-£tf. 
EXECUTE: (m)£-vff-(KS2ylC^irys)(0.650T)-].lKy|r/V/in + 

(b) í -O-ll ]»^lO ¥ V/m»5 20*lO > oií-6 HkV 

E VALI' ATE: Any chargcd particlc with v - ] .82 ■ 10" m/s wilJ pa» thiuiwh undcfkctcd. rcgardlcxiof thc*ígn 
4jhI rnagnitude of hs cbargc. 

27.33. lotsnrv: The rnagnciic forcé ■ ■"■ //ff*¡n¿ Por the wire to be complcicty xupportcd hy ib: ficld require* ihit 
/" ■ mg and ihai f and W are in oppcuilc dircciiom- 

Scr L T P: Tbc magnetíe forec ¡* máximum whcti i - 90". The gravity forcé ¡x dowmvard. 

ExJXLIE: W IIB-mg. t-—- <Q»'^fcgH'9.fi0ioK > s ¡ja iX |ft' a , TtoH* a verv large curren! and obiroc 
hcaling dtx lo (he rciUlaacc of thc wire would be severe; xucb a curren! Un't fcaxiblc. 

fb>Tr* rrwgnclicrof«mu*t^ É and f arexhown in Figure 27.33, wfcercwcbavc 

thai it U ttiuth to north. To produce an upward magnetíe foro. Ibc current musí be lo Ihc can. Thc wire 
be hon^oiual and perpendicular lo (he cafth** magnetic ftcld. 

E Valí' ATE: The rnagnclic forcé ú perpendicular to both thc dirccüon of /and thc direction of B 




$ 
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27.34. lotvnrv; Apply F - HBsmp 

Si r UP: / - 0.0500 m i* ibc length of wirc in ihc irugnetic ftcld. Sincc ibc wirc h perpendkubr lo B. ^ - *Í0 : 

EX£CtTE: F - UB - ( A)(0.0500 m)(0.550 T) - 0J97 N. 

EVAUTATE: The forec perunit letigth of wire ta pmporiionaJ lo rxnh/f md/. 

27.35. EDDnnv: ^\pp1y F~ttB*m+. 

Si:f Up: Labcl thc threc «cgmentt tn thc 5eldai a. K and f. Letxbe Ihc Icngth of «gment^ Segmcni b toa 
lengih 0.300 m and ¿cgmcnU ha* length 0.600 em- v Figure 27.35a %haw( thc dircci»on of thc forcé oneach 
^CfTment. For cach «<cnicnt + ^í) L Tbc kiial ü\m on thc witv "thc vector tum of thc forcé* on cach xevmcnt. 
EJOCITO /. - fSti-tA 50 A»vi0 24OT> t - (4.50 AM0.6Ú0 m- iuO.240 Tv Sñice F m and F> areínthe 
same direction their vedar sum bjn rnagnitude F m ■ + F t ■ < 4 5u AnO 6CHI mKO.240 T> ■ 0.64R N and ii 
directed toward thc boltoniofibe poge ¡n Figure 27.35a. F¿ ■ (4.50 AX0.3Q0 m)(02J0 T) ^ 0J2J N andíx 
directed to thc right. The vector addilion diagram for F^ and F k b given ui Figure 27 35b. 

F~^F^ tF/ - J(0.64H Ni J + (0J24Nr -0724N iantf-¿--^^^ aod r7=6J.4 B . The ncl forcé ha» 
rnagnitude 0.724 N and iti dircclioo i» atecified bv f = 6.1 4' in Figure 27.35b. 



Magoctk: Plcftd *nd Magjictk Forcci 27*1 l 



Evai.i ATE: All ihrce 
rauaLion. The diteciion 



l% are perpendicular lo Ihc rnagnetic ficld. *a $ - 9ü~ for cach in thc forcé 
(bree oo a segmcni depenÜN *x\ ihc dtrection of thc currcni Ibr Uval scernent. 




(tí 
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17 Jé. lut.MJt\ and SKI Un F - JIBunf . Tbcdiitction of /' ú given by appJying (he richi-hand rule 10 thc 
dircction*of /and B . 

EXEtDE: (a) Tbe current and fieW dirceliom ore .thown in Figure 27. ¿óa. The nghi-hand rule gira that F n 
dircetedtothc*ouih 1 I .' : .". 1 V n . 1 • 1 - L ► 1 ro)(0,5KB T>- 7.06« 10 1 N . 

ti» Thc righi-hand rule gire* that F 1* chrccled (o the wcrt, as shown in Figure 27J6K c* - W and 
f« 7.06x10 1 N . thc «une as in pul (a). 

(c) Thc curreni and ficld dircelion» are shrnvn in Figure 27J6c. The right-hand rute give* Ibat F i* 60.0* nonh of 
wcit. ^-90"*o F -7.06*10 1 ihc lame a* in parí (aX 

Eyamíayk: In cach case ihc current dúvctKiti i* perpendicular lo thc nu^ttetic freíd The macniiudc of Ihc 
maznciic forcé i* thc wmc in cachca.se bul ils dttcciion depend* 00 thc directionof thc macnctic fivld. 



r ,- i 




17JI 



lo* \nn : F - /tB*mj . 

Sr.r I p: Since tbe ftcld ti perpendicular to thc rod ii ¡* perpendicular to thc curreni and o -^D 



Kuti it: / 



ftJJN 



9.7 A 



Jff <0.200mH»067T) 

EYalí'ATE: The forec and current are proportional. Wc have 
5eld 



HJfc 



that thc cnlire 0.21» m Icmnh of thc rod ta 



iDEvnrv: Apply F~íl *B. 

Si:f L t p: Tbe macnctic ficld of a har mainel potnis away from thc ntxth pok and loward thc south pole. 
EXECLYE: Del w ve ti thc pote* of ihc macnct. the m.i.-nctK íw'..l ¡vr.nt* m thc r.trfv. I V.n_- th- fmL'crtip* of your 
r JLjht hand* rotale the eurrcnl vccior by *?f/ inlo ihc direelion uf thc rnagnelic fictd vector. Your thumb point* 
downu'ard wluvh i* ihc directíon of Ihc macnctic lotee. 

Evaw atk If thc kwo mauncu had thc ir pole* inicrchangect Ihcn the Ibrcc would be upu ard. 

JinMin < 11 Mil i- Tbemaunetic force ta given by Eq.f27.l9). F,-mg when the bar ta iutf roadv lo titile 



F t >mg *ndF-mg t% ihc ncl toree ihai 
law to ñnd ihc accclcraiioa. 



ihc bar upwurd Use Newion*s 2nd 



ÍMÍ Cüpfcrll 



T ^ iB (0.500 m)|fU50T) 

£mIR = (32.67 A>( 250 n)-8l7 V 

.' ; .'■ ^ . > ^ \' M 2.»* tí ! l 408 A 

-*gj|/m*ÍI3n¥* J 

EvaiaatE: / increascs by ovcr an ordcrof magnitude ivhcti changa to F t »m¡? andd ti an ordcr of 
magnitude largcr ihan g. 

27.411. Idemih : The mauneiic torce mmi be upward And cqual to The direclic4i of F r t* dclcrmincd by ihr 
direction of / in ihe cireuit. 



SEFUp: F M *m*mf«múk «UW*. / — .where ri* Ihe batlcry vollage, 

n 

KxiittiE: (a) Tbcfnrecsarcshownin Figure 27. « The cunent / m me l\u muu be to the ríghl to produce 
F k upward* To produce curren! in thit direction. potnld rnutl be the no*iinc terminal of the huticry. 

E\ amaté; If the hattery had opposic polariiy. with pomi a a* ihe negative terminal* ihcn the curren! would 
? lockwise and ihe ntaunciic forcé wnukl be dowmvard. 



Figure 2?vlO 

27.41. Idiviih: Apply F ■ // x £ tocach scgracnl of the conductor: the slraight *ect¡on par alie 1 lo ther axk, Ihe 
semicircular %eci»on And ihe iiraighi sccikm ihat u perpendicular to the plañe of the figure in Fxamplc 27.fr 
Si:r L'P: B ~ HJ ♦ The forcé « /ero ttben the currcni i* along the direction of . 

ExutLTE: (a) The torce on the Miaight ¿ection along the v»ax¡* i* jvro* Forlhc half of the tcmícirclc al 
negative! the torce ii out of the page. Forlhc balf of roe icrnicirclc at potnlve t the forcé ¡«into the page. The net 
Ibrce oo ihe ¿crnicircular icction c* /ero. Ihe forcé on the ¿iraight section thal i* perpendicular lo ihe plañe of ihe 
figure i* in Ihe -i**dircclion and ha* mauniludc = US The lolal maunclic Ibrce on the conductor i* ILB, in the 
-^dircciioiL 

Ey.vm ati_: (b) If the semicircular *cci»n ¡* replaced by a «traight section along Ihe z nxn, ihcn the matjnciic 
forcé on thal ¿Iraight xection would be ato Ihe lame a* ii k for ihe icrnicircle. 

27.42. Ioíahm: r - f\Bwn¿ . The macnciic momcni of ihe loop » p - ÍA 

Si r l e: Sincc ibe plañe of ibe loop h pamllel lolhe ficld. the field ¡* perpendicular to Ib: normal lo ihe loop and 

EXECITO (m) r-UB-(62 AK0.050 mMO.080 rnH0J9 T) = 4.7^10 1 N m 
0») pmlA ■ (62 A)(D.0S0 mH0 + l»0 mi ■ 0.025 A-m 1 

Evau:aTE: The toruue i* a máximum uhen ihe field ma the plañe of the loop and £-90°. 

27.43. [Dt.MiiM The neriod i» T - 2jtr •' » . the curreni i* Qi and the magnciK mtmient n ft-IA 

Ski UP: The electrón hai charge -* . Tbe área enclcued hy me orbít \% xr 3 . 
KxiXtlE: (a) r>2or/vBl.SxlO~ ai i 

4b)< harve -r pa»cs a poinlon ihe orbilonce dunng each periodo *o / - Qtt - Wf mA . 



[c> IA - Z^ 1 - 9 J * 10 * A m : 

EVA14TATE: Sincc the efectron has negative charge + the direciion of the curren! n opposite lo ihe dircelion of 
moiHitt of the 



Maenclic Hcld *nd Magnctk Foreci XUtS 



27.44. lo*\im: t - /lííiine*. whctt e» i» Ihc angle bciwccn £ and ibc normal ta thc loop. 

Si:f L t p: Thc coil as vicwcd along thc axis of miotion n shown in Figure 2".44a for ¡te original poiilkm and in 
Figure 27.44b alto ¡t has rotated 30.0*. 

EUCUIKl (i) The forecs on eoch ude of the coil mc ihown in Figure 27 «a, / t * F : - Oond F, * F t - 0 The 
nci Ibice on ihc coil i*, /ero. ^- 0' ¡w*d une*-0„ so r - 0. The forcea on the coil produce no Jorque, 
(b) Thc ncl Torce i* still jeto. ¿ ^ 30.0 a and (he ncl torque ii 

r - ilHl .40 AM0.220 m)<0.350 mi* 1 50 T)«n30.0 Q = 0.0S08 N m Thc net lorque isclockwiic m Figure 27.44b 
and ¡i directed so a* lo mcrcAic the «ingle 0 É 

EYaUtaTE: For any current loop in a uniform magnetic Ficld Ihc net forte on the loop i* zero* The lorque on ihe 
loop dependí on ibc ooenution of ihc plañe of ihe loop rclaiivc to the mague tic fielddücclion. 




Figure 27.44 

27.45. Io*.\iim : Thc magnelic field exetti a lorque on the curren! »carrying eoiL. whieh catites it lo lum» Wc can use 
the roiational form of Ncwton'% secand law io find the angular accclcralion of thc coil 

Sur V?z Ihc magnetic torque i* gíven by t - j¿ * B , and ihe rotaiioiul formof Ncwlon's sccond law ¡i 

Thc magnelic fíeld is parallel lo ihe plañe of Ibe loop. 

F\n i ti ; (a) Thc coil rotalcs about axii A; because ihe i*tly lorque ¡salong lop and botiorn sides of ihccail. 
(b) To Find the moment of ¡nenia of the coiL rreat ihc Iwxi LOO -ra scgmcnis ai poini»masics fintee all ihc poinis in 
thcm are 0.250 m (rom ibe rotalion axisl and Ihc lwo 0.500* m icgmcntsas thin unilbrmbars rototed aboui their 
ccnlerv Sincc ibe coil U uniform, the mas* of cach scgmcnl ¡s propartional lo it* Iraction of Ibe total periincter of 
the coil. Each l.OOmscgmeni ii 13 ofthe total perírneler. to iu mass it(13K2IO gl - 70 g - 0.070 kg. Thc 
of cach0.500<m segment is half thi* amount* or 0.035 kg. Thc rcsult is 

J ■ 2í0.070 fc g H0.25Q my + 2^(0.035 kgMOMO m) J =0.0102 kg 

The lorque ti 

|r|-(íí'fi| -ÍABtiñW*-i2MAK1km m«l.00 mK3 00 Ti -3.00 N m 

U&wg ibe above vjdue% + the rotaiHinal formof SetvtoiT* iccond law givei 

¡7-I-290rad 1 i' 
/ 

E\ Ai-t ati; Th» angular aeceleraiion will nal continué bccuutc the tttrque chanves ai the coil lurns. 

27.46. lotvnn: r- jt* B and V - -/jffcuie* » «ncre )i-NIB . j/£*in¿. 

SETUF: ^ is Ihc angle betwcen ¿and Ihc normal ta thc plañe ofthe k»op. 
ExtrilE: i -SLiBáaiWi*StM,ámcúmáx)--L U - ~j/0cc«¿«O. 

4b>^-0. r « NUBúoiO) - 0, no direelioct V * - pBcotf + - SfAB. 
<c)í»90* r-^Udfin^l-.V^dirMían-jN^-/. U » -^ff«w#-0. 
<d> i m 1 : r » XÍAB nn( l H0*) » 0. no dñwkaiuü co»<IBf^) » 

EvaUtaTE: When rw máximum. V ^O.VVnen |f.'| h máximum, r -0. 

27.47. lo* \iu^ and So Vrz Tbe polential cnergy w gi\cn by Mo.i27.27): 6 1 = p B. The scaJar produci dependí on 
the angle bctwccn $t and B . 

Fm.c i it: For p and B paralkl p = 0' ond/r B - ftBms¿ - f/B For j* and B antinaralleL 
^«lS0 p und^ é±pBco%*^-pB. 

ACZ-t/j-t/, - -2pB « -2|l .« A nr X0.S35 TJ » -2.42 J 

EVALlTATE: b máximum when ^andlf are antipara! leí md mínimum when they are panilld WK:n iht 
\% nilaied as speciJicd its magnetic potenbal encruy decrcaics. 
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27.48. iDMim Apply l-4<27.29) inorikr lo calcúlate /. The pmver ibnn fíiwn thc lincis - /'^ Tbc 
mechanieal power i* thc powcr lupplicd mmu& Ihc /*r clcctrícal power lost ín Ihc infernal res¡*tance of thc 

ser Vfz v+ - 120V . f - ios v , «id /■ * J2 n. 

r Mil 
<b) /^=./T rfí =<4.7A)(120V> i =564\V. 

(O T^-y*^ -/V = 564W-(4.7 A) J (3.2Í1) = 493W 

E VALIATE: Jf thc rotor UiTt turninc, when thc mott* i* futí lurncdon or if thc nM<* hcahrtg* laü\ ihcn £ -0 
and / -l^!^i.i7.5 A.Thn bree current caute* luruc i r hcaling and can trip thc cw;u¡t breaker 

27.49. Id¿\iih: Thc circuit conuxts of ttvo paratlcl Kíanche* with thc noten! tal dilTcrcnccof 1 20 V* applkd acrcu* 
cacb. Onc branch n thc rotor, rcprcítcnicd by a rc*iitancc and an útduecd cml ihat opptuc* ibc appiicd 

potcntial. Apply thc k>op tule tocach paralkl branch and uw thc junetmn ruk lo relate thc currcnti through thc 
fícld coil and through thc rotor lo thc 4.K2 A lupplicd lo thc 
Sur L t p: Tbc circuit i* ikctchcd ín Figure 27.49. 

t = 4K2A /, 



f ¡s Ihc induced cmf dcvclopcd by 
ihc motor. It » dirccied «o ai lo 
¿apote thc curren) ihrough thc roior. 




Fí*ure 27.49 

Exiictti:: (a) Tbc fleldcoita and thc rotor are in paralkl with thc ariplicd potcntial dilVcrcncc *\ so Y -i t R t . 
' ff f 106ÍÍ 

<b) Apply ing thc junction rule to potntd Ín thccircuit diagram give* J— J t — t t = 0. 
=4.82 A-U3 A -3.69 A. 

(c) Thc potcntial drop aero» thc rotor mai*t equal thc appiicd potcntial ihftcrenoc r :V ¿/< 
f = r-/ ( Jl = 120 V-(3.69 A)|5.9n,-98J V 

(d) Thc mcchanicaJ power ouiput » thc eléctrica! power mpui minut thc ni te of dista^aiiori of ciccirical cncrgy in 
thc rcsíhiancc of thc motón 

clcctráal power input to ihc motor 
i» = fV = (4.82 AHI20 V| = 57K W 

clcctncal power h>u in thc tw resillante* 

P ÍM =I i % +t¡R = {\A* A| J (l06n|*(3.69 A('(5.9 Q)-3I&W 

mcchanicaJ power output 

- /*. - - 578 « -216 W- 362 W 

Thc mechanieal power output n thc r>owcra**oc¡atcd wiih ihc mduced cmf £ 

P^ s/í =£f ( i(982 VHJ.69 A| = 362 W, wbich acrecí with thc ab<nc cakubtwcv 

ÜVAi.t aif_: Thc induced cmf reduce* thc a ir» uní of currcni that lloui through thc rotor. Thi* motor diñen Irom 
thc onc dca:ribcd ín tlxamplc 27. 12. In thal exampk ihc rotor and ficldcoib are conocctcd in tcric% and in thb 
problem mey are in paralkl 

27.». toUWIS Thc fícld and rotor coib are inparalkL» K+ m, t*t -^*/^and t-t t +I t + where / 1* thc cummt 
drawn frorn thc linc. Tbc powcr inpul lo thc nxktoris P ■ 1^/. Tbc nowcr ouiput ofthe motor U thc powcrínpnt 
minui thc cketrieal powcr k>we* in thc rciUtancci and friction losrex. 
BlUt V M ^ 120 V, / = 4.82A. 

I20V 

ExilCtlE: (a) Ticld current i t ~ (* 550 A 

2l*íl 

<b) Rotor curren* / ^ / . - / r ^ 4.82 A - 0.550 A - 4 21 A. 
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(c) r*í+/,< and f = P-/.Jt - 120 V -14,27 AH5.9n,-M.8V. 

[d) #¡ = (a550A| J |2i8ri) = 65.9 W. 
(c> í t J, J ft -(4.27 A) J <5.9Ü1 = 108 W 

(f) Power inpui - 1 120 V) (482 A) - 578 W. 

Hp. 57HW 578 W 

E VALi'ATE: / liiütc* ¡o (he rc*»ianec of thc rotor and íicid coiU are Urgcr than the rriclton \aucx for ihi* 



27.51. iDtvnrv: Thedrifl vclocity i* rcbicd lo thc curren! dcmiiy by licj-(25,4} t The clccinc field U dcicrmincd by the 
requirctneni that ihe clcctric and maunclic forcci on the curíente jm ini' eharcei ore euua) ¡n maimiludc and 



U)Sn t>: The tcvtionof thesilver ribbon iixketched in Figure 27.51a, 

J>«hh 



t v 



-4 



t isurr 27.5 



ExEíllE: JmLm—m Ülí = 4*42xl0 : Am 3 

^ y,z, (0.23x10 * n)(0.01l»m> 

v.-V- Í 42 ^ W „ =4.7x,0-'^ = 4.7mm., 

(b) magnitudc of IT 

E 4 -<4Jxl0 1 m VfrMTi -4,5x10 * V.m 

Jitcvt™ of E 

The drift wkwity *tf the ckcirom u in tlic oppo*itc dxrctfion lo the currcnL ai *hown ¡n Figure 27.5 Ib. 
H s arc 27.51b 

The dirección* of thc ctactríc and magnebe forcejón an electrón in thc nbbon are shown in figure 27 + 5lc 



h - - - 

F A musí oppofte F¿ *o F, 



i\ in uic — i 



Figure 27.51c 

f 4 - - - *o £ i* oppcuitc to the direction of F A and thuu E t% io the >r*d¡rectioiv 

(c) Thc Malí cmf U thc polcninl diffcrcncc betucen (be lwoedge* oí* thc «Irifi (al¿ -0 and z - z t ) that remití from 
iheelceineficldcakulated inpul(b). - E= t - (4.5x10 ' V. l raX0.01ISm)=53fiV 

tv am:atE: Kvcn Ihough the curren! i* quite large the Hall cmf i» very ¿malí Ourcakulatrd Hall cmf ü more 
than an order of m&cniluiic largcr than in Exampíc 27.13. In thii prt>blcm thc magnetic ficld and cuncm dcniirv are 
lar ver than in Ibe cxamplc* and thu kad* toa largcr Dalí cmf. 
27.52. Idemift: Apply Eo / (27.30> 

J B IB ISz IB 



\t\E, A\q\E. Atyp >t \q\e 
f"*»*^ .^KLO^kctmcm- 



f2Jxl0' mKL6xlO "CKUl=<10"* V) 



EVaLí'ATE: Thc \uluc of n for thii mcul i% aboui one'third ihe vahie of n calculalcd in Lxamplc 27.12 fitr coppcr. 
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27.53. f a> IDEMIFY: IV lie i : T ; * ta relate ?, 0* and í\ 
Si: r l.'P: The dircction* of i\ and t\ are *hown in Figure 2" 5 -Va, 

-qr*B layi that ti perpendicular 

to v and A. The inlbrmation givcti be re 
^ v n>CMt* ihat ü can have no r- componen!. 

ligure 27531 

The directioru of v ¿ and f ; are *ho*n in Figure 27.53b. 

> 

£ ^* h perpendicular to ** and A. n 5 can 

(¿} * ■ — j ha\e no t >componcnt. 

ügmiU» 

Doibr»ee«of¡nfonmlwolakentogether%ay that B b tn the^dircclwo: J-A,>. 

Kmici te: Uic thc Information given about F to calcúlate F t : f - F¡+ \K - v ¿+ & - BJ. 

F¡ *qv¡*B «y* FJ * f\* t B t k* j - $\* x B t i-i} and F¡ *-ifv ¡ B l 

B 4 - -/yíijij) a 1 1 B tus the rnaguniudc F¡ < \ ■ and ia in ihe - i direciion 

EVALUATE: v. ■ i, ¡* perpendicular lo 0 tvhcrcai onty thc componen! of *\ perpendicular lo 0 contribuid 
to Ihe torce* *> rl ü expccicd thal /¡ > F t , as ^e Ibund 

27.54. Idemut: Apply F-qvxB. 

SfítVfi 0.450 T. £ - o and = 0. 

tiitmi] f -flvfi - vff )«o. 

F sjfv,*-*-, A (9.45x10'* CH5,K5xl0 fl nViH0.450T>-2.49xia 1 N. 
H sf)^, -v,SJ=H9.45x[0" CX-3.IUI0 4 ro*KCL450 T) = 1.32*10 * N. 

EVALUATE: F n perpendicular to hoth t and B. \Vc can verify that F ■ f ■ 0. Sanee B i* along Ihe r»ax¡K* 
\\ don nol afTcet Ihe forcé componente . 

27.55. lDf.xiiH: Thc mm of Ihe nugnetic. c Ice Inca I, and gravitaiional forcé* muM be /ero to aún al and hit Ihe largci 
Skf L t p: Thc magnetic ficld muM poinl lo Ibc lefl i*ben vtew ed in the dtrecinn of the targel Ibr no net forcé. Tbe 
nei forcé ii /ero. u> ^ F = F t — F t - mg ■ 0 and qvB - qE - atg ** 0. 

ExilCUTE: Solving for 8 give* 

n qE + me <2500x I0*CM27.SNC) * (O.ÜT350 kg*9.K0 rnV) 



•p* <2500xlO*CHI2.HnV*) 

The direction ihould be perpendicular to the imiial vclueuy of the coin. 
EVALi'ATE: Thet « a very Klrong magnetic lleld, bul achicvablc in tome lab» 
27.56. Ioevum: Apply ñ ■ mi - vfR 

UP: IcV-L60x|0"J 



J.7T 



EuXtlE: (i) A'-2.7McV-(2Jxif/eV)<l.ó*IO " 1^-4.32x10"*' J 



214-^2^10'" J) 



- »2J7*I0 mi 
I.67v 10 J kg 



. m íL67xlO r lcg>(2.27*10 iiV*( v 2.27x10»» É - É 

Jí- — ^- £12 0ÍJ6S m Abw^- — -3.34x10' radi. 

(1 .6 x 10 C)(J.5T) R 0-06S m 

(l>) If ite cncrgy rcachc* Ihe final «lúe of 5.4 MeV, ibe wkwity increa&ct by Jl , as cbci the radium lo 0.096 m 
The angular frequeney if unchanged from part (a) *o is 3.34 x \<? rad/i 

Evalí aTE: íj- ^t\B . m . so w ¡* independen! of Ibc cncrgy of ibe proiont. The orbil radiui incrcascx »nen thc 
energyofthe prottm i 
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27.57. (a) IdKMIFV andSfci l p: The máximum radiu* of Ifc orbil dclerrninc* ib: máximum «peed vof üVprolon*. 

Use Newton** 2nd hw and j - v ! R for circular maltón lo relate ibe variable*. The cncrgy of tbe particle ¡* Ibe 

kincttc cncrgy K » 7 njv\ 

EXCtUTE: ^#*-anrf givci |i]u r i n;:' ■ 

\q\BR il.60yJ0'*CX0.85TX0.40m) ,„ - — . 

v i l 3.25 ' * H> m>** The kmciic enera' oi ¿| proion ttiovinií with tn« 

■'' 1.67x10'" kg w i» ■* 

*pccdi* Km*nP*$QJttxt&*hglf3¿57*llP m'*)* -B.9*IÜ " J *5 + 6 McV 
ih) The time Ibr one revolution ii the period T - — 2x0)40 m ' - j 7„ |Q -* , 

V J*257xlO :i: ■ 

(c) Íl * ¿im*" - ~mí M 1 t * H Of. B - N> * , £ i* propoHional lo Ja¿ , 10 if K i* incrca*cd b\ a 



factor of : liten fl mwt be incrca*ed by a factor of JS J2<0.S5 T) ■ L2 T. 

(di (3.20x10 C KQ S5 TXO.JO m) _ , ^ v tn * ^ 

m 6.65x10 leg 

A' - ¿*it * -±{6,65*10 ,f LgKl 636*10' nV*) J *89*10 " J - 5 J MeV. Ibe *ame a» tbe máximum energy for 
protón. 

EyaI-I: atf_: We can *ec inal the máximum cncrgy mutf be approximatcly ihc unte ja follow*: frum parí (c^. 



Thut |y| m unchanged and K U the same. 
27.5S. loí Vim : Apply f - x 4. 
SETUP: v— 1¿ 

EXITOTE: (a) (/*!)+ B t <}*h + * .0**» - 9»* * 

<b) a >0. J <0.*¿gnofff doexn i rnaitcr 

(C) #-Jff|iÉtf-Jff|4< and 1^-^^. 

Evajj Alt: F i* perpendicular lor.w F ha* no r-component* 

27.59. lo* muy; The conlact al a wiü break if the bar rotaic* aboui K The magnebe ficid kdirected out ofthe page. so 
the magnetic torque ix countcrclockwuc. wherca* the gravily lorque i* clockwnc in the figure ¡n ibe nroblem. The 
máximum current corrc*pood* lo rcío nci torque. in whicri ca*e the torque due hi gravily i* jmt cqual to the lorque 
due to ihe magnetic ficld 

Skf I'p: Ibe magnetic forcé ix perpendicular lo the bar and hai momenl arm Ü2 , wbere / ■ 0.750 m i* the 
lengihof the bar* The graviu lorejueñ m/;l^^ínKr 



Kxrc t Tt: - r A and mjf-ico*60.0 ü - //fliioW^ ThW giw* 

«gcosoOO" <0 + 45Rkgl{980roi 3 )(ci*60.0 e ) 
~ HJ ?50mMK55THli 



E VALI' a TE: Once conlact a brokeo, the rnagnelic lorque cea^ei. The 90.0° angle in the expresión for r¿ ü 
angle between the direction of / and Ibe direction of B 



27.60, Apply R ■ 



q\ñ 

Sin L t p: Aiuume D « A 
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Exm ti.: (i)Tbcpath u*kctchcd m rtgurc 27.60. 

(b) M ■ :. i* circular x : + y 2 =fT=>x = D^ }\ = ^R : - (path t>rdcikctcd pirticlc) 
y -ft tcqudtion Ibr Ungcnt u> thc circlc* path of uncfcllcclcd partíclcX 

püilHlcmmingini nugnctic Ikld K-—. Bul lm? *qV, mRm— I '"' 1 Thui 



thc tfefkvtion 




D 1 * 



rf |«50ror(S0xl0*T) I (16x10^0 

2 V2i9JI-]fl ll kgWT50V) 



-0 067nt-ó + 7ccn + J*\\ a *otD. whieh i* fairtv 



pan (blisvilid 




f»íure27¿.0 

£7.61. iDtvrwYand SETUP: Use |2'2) tn rdaic qJ.Éand?. Tbcfwcc / anda are rcbied by Sc*iccí* 2nd lav 
j--*0 + 120TJÍ>=<L05xlO* m*X-3Í + 4/VI2ÍX F-1-25N 

(a) ExtCLTTE: F = tfV*B 

(1.26*10* Nex+jj*4/>*-?().2óxl0* ncxW+3/i 
Thc magmtudcol ihc vector *4r + 3/ i* JF+T* = 5. Thos F--^(l.2óxitf N.<T)(5). 

í, l J™ =-i.*t.io-c 

5<l-26*lv N.€) 5(1.26*10* VCl 

(b) ^F -wa *aá- F?m 

/ = -?(l.26xl0* N'CK*4Í43j) = H-l,9»*íJ0* CKI.26xlO* N.CX>4í ■* 3/> = HK250Ni*4*3y) 
Theo i « r/wt»^^ 2 ^ ^ j(W+3j) =^.69xltf* mVx*** + 3j) 

(c) lotvn*^ and SeF UP: F " m thc vi-planc, so in Ihc r-dircclioci Ihc particlc moven wiib coa*Unl ipeed 
12.óxL0* m 1 *. tn thc replane thc Ibrcc F causcithc partéele to move in a circlc. with F directed in tmvaítU ihc 
ccnlcr of Ihc cirv k . 

EJECUTE: ^F -m* giveaF- iti<r J 'tf)and JfsflivVr 7 
\?mx¿+*¿m{-Xt$xW m*! 1 + (+4 20*10* nV»i J =2.756* I0 l1 mV 
F - ^F t s * F; = (0.250 NrV*' * & * I ¿5 N 

F 125 N 



Magnclie Hcld *nd Magflctk Forcé* 27-1*» 



(d) lo*\im and Si. i l i- .v. Eq>(27J2) thccycloiron frcqucncy ¡* / ^./y 2x- vflzR. 
EXCCtTE: The emular moiion i* in ihc rr plañe, *o v- Jvf+Tj = 5,25*10* nVsL 

/e— ^_ 525 * tQ mK -i.47x1P : | fc t and a> = 2xf= 9,23 *I0 : rads 
lr/f L*<0J>5&9rn) 

(e> loixim utdSHF Uf Compare i to thc períod Tof Ibc circular rnotion in ihc y» -plañe id find thc x and y 
coordínate* ai lh« t In tbc ¿»ifcrcction (he parlóle rnove* with contfant ipecd. *o i ~: p + v r L 

ExECVlt: The period of thc moltoo ¡o Ibe rvptanc is given bv f- — 1 ■ ■ 6,S0x 10 ' * 

/ L47xl0 11/ 

In / - 21" thc paritclc ha* rciumcd lo Ihc «ame x and r coordínate v Tte £a*omponcnl of thc rnotion ti moiion wilh a 
confiar* . Hoc ij , i -12,6x11/ ni Thua z = ^ + 1^1 = 0+(12.6*lf/ rnViH2l<6 HOxlO ' *) = +!.71m> 
The coordina*» ai / »2T are** A\y» 0,2- +1.71 hl 

Evai.ua TE: The ciiciiUr molktn ¡% ¡n ihe pbne pcrnendicubi to B> Thc radiu* oflhi* moiion gct* *malk*r nhen 
& incrtAic* And ¡t gcu larger vthen r increa*cs, There u no magnelic forcé in ihe direction of a to thc partiere 
movci wiih conxlani vclociry tn thai direction. The *upcrno*it¡on of circular motion in ihc \y- plañe and coiunU 
tpced moción m thc z - direction » a hcltcal palh 

27.62. lotvnFV: The nei ttiauncnc forcé on thc wirc is thc vector sum of ihc forec on thc Mraight «egment pJu* ihc 
Ibice on ibe curved xection Wc muxi intégrate lo gct ibe forcé on thc curved xccikhv 

■ 

Sif Vtz £f „ » * F «— má f — . - ■ f '-* «. . = J ISBimOJO , 2ÍJW 

<the %amc a* if it «ere Aitraighi segment 2Jt long) and F v - 0 chic to*yrnmciry, Ihcrcforc, F— 2>£* r i*>»& * 2tfCB 
i Am « n Uwig £„ M * - 0 55 nv«- 095 ni. i - 3.40 A. And a - 2,20 T give* F-22 N. to hghl. 
E\ AitATt: Noticc ihal the curve ha* nocffect on me forcé, In other word*. ihe Ibice i% thc sime as if Ibe wirc 
wcre «mply a tiraight wirc 3.00 m long. 

27.63. iDBfnPK r ■ SSAB*\nf. 

Stí Vfi TbeareAJUrclaiedlome-diametcfDby A^lxlf. 

EXECLYE: r=.M{^D : )Búa^ z ¡* propon ¡onal lo r> I ,lncteaMng£)b>*afaclorof3incre»c* rb>afaclorof 

3". 9. 

EVAUiATE: The largci diamciei means [j:.-.-; lenvih ofwsrc in ihe loop And aIko larcer moment arrnibecauxe 



27.64, lo*\mv Apply F-qr'B 
SETUP: v-\i 

ExCCtTE: U) F --qvBj tqvBJ. But F-3FJ+4F,j m %o 3/v ~~q\*B r and 4f 0 -^ifi, 

Thercfore. 0 --— . A —and £ u undeterminecL 

qv qv 

EVALUATE: The forcé doesn*t depend on 0 * nnce * ti akmg the r-direction, 

27.65, iDEVnrv: Tor ihe velocity sclecior. £ - vB , Por the circular motion in ihc field tf * R - 



Up: fl-ií -0J0IT 

/í a70l T <fB* 



ft, = " " = O0M 1 ra. 





<LÓ0*I0 


" C«0,70l Ti 




.66* 10 11 






(1,60x10 


" CH0.701 T) 


«641 


..66* I0'* 1 


kghlóKvJO* mil 




(1.60x10 


" CH0.701 T) 



JL- — : - 0.03 J 1 rn, 

(1.60x10 " CM0,701 T) 

The disiance bcrwcen two Adjacetil tinct ii An* ■ 1 .6 mm 



iMi Ch*pttr27 



Eyailate: The distante bclwcen Ihe 'Krlinc and ib; "Krlinc t% 1.6 mm and ib? dulancc bctwccn ib: 
"Krlinc and thc Krlinc U 1 .6 mm. Adjxcrri lio» are cqually «paced qnee thc *~Kr venus H Krand "Krvcrm* 
* Kt nxn* dillcrcncc* are Ihc unte. 
27.66. IdestwY: Appry conservauon of encrey lo tbc accelcraiHm of (he ktra and XcwicnTa sccond law lo ibcir motion 
in Ihe magnetíe 5eld. 

m i Ir: Thc sngly ionizcd ion* have <f - *e . A >? C ion bu man 12 u anda 14 C ion ha* mara 14 u* «Itere 
1 u -1.66*10 " ka 



EXEttiE: (a) Dunng accclcraiion ol thc ion*. ¿/I - T im and y j In ihc magnetíe licld 4 



f ,_«rtt' .<i.6a.io"C) ) D.isoT,'(0.soa ml ' _,, ft .. |iry 



Zn 



[c)The 



2(lJMl 66*10 ' ka) 



icnvncu by me diücrcncc* ni (lx dumctcri oí ihcir paita* D - 2n ■ 2 . 




2 ni 



-2 



AD 2 



ll<6* 10 CHft 150 Ti" * J 7 * 



EVALUATE: Thc specd of thc 'Tioni* 



20 60x10 '* CK2J6*lf/V) 



- 6.0* 10* mv* . "Ibis ts ver? fast, bul 



\ 12(1.66x10 ' kgi 

well bckrtv ihc «peed of light. *° rcialivisbc mechanics i* not needed. 
27.67. Ideviih: Thc lorcc exerted by ihe magnetíe íicW üc grven by Vt^A27.\9). Ihc nel forcé on Ibe wírc mutí be 
Su UP: Fot Ibc wirc lo rcmain al rest thc forcé exerled on ii by thc magnebe Ikld nuxfl nave a componcni di 
up thc incline. To produce a forcé in ini* direction. thc curren) m ihe wirc miad bedirccied froni righl to Iclt in 
Figure 27.61 in thc tcxibook. Or. viewinfi Ibe wire (rom ¡t* lefl band end Ibe dircciions are shon-n in Fiiture 27.67a. 




23M. 



Reure 27.67* 



The liee Kidv diacram for ibe uve is givcn in Figure 27.67b. 




F,cfA0-M*«n0.O 

+ = V0 : linee A i* perpendicular 
lo ihc eunent direction. 



Thui </£#) e i»U - Aíg *in IV 



As 



Evalúate: The magncitc and gru\(Utjon;i] totees aic m perpendicular directiun* st> 
thc incline involve difTcrcnt trig runction*. As Ibc tilt anglc 0 incrcatc* thete i* i 
thc incline and ibe cornnoncm of F t up thc incline ¡* «maller; / muit incrca^c \s i 
0 -> 0, / -> 0 and a* 0 -+ 9tf t f -+ ce 

Iüe\ 1 11^ : Thc eurrcni in thc bar i* downuanL *o Ibe magnetie lorce on it U vcrtica1ly upuarü». Thc net forcé oí 
thc bar i* cqual to thc magnetic forcé minus thc graviiaiional forte, to Nemon'i seeond law thc aceclcrationn 
The bar i* m parallel Mith ibc I0 H 0 ÍI reottor. so»c musí use eúcun analysis to find thc iniual eurreni ihrough iL 



Matrrtclie Fídd uxl Mapncik Forec* 27-21 



Ser Lp: 1 irtf lind Ihc current, Tr* equivalen! rcsiitancc acre** thc buiicry ■ 300 Q, «» irte tola! currer* b 4,00 A 
half oí «ttich goc* through thc tur. Apprying Nc*im * tecond law to thc bar give* ■ nu ■ F É -wg - ilfi - mg< 

KveCUTE: Solving for thc acccleration givei 

m O OOK^BOm * > 

Thc dircction i* upw 

E VALIATE: Once thc bar is frecof thc conducling i*ircs, its accclcrabon will beconv 9> inV downward «ince 
only graviry will be acting un tE 
27.69. lotvnn : Calcúlate Ihc accclcralion of thc Htnt when Ihcy fusl ctilcr thc fkld and aiaime thb accclcralioo b 
confian*. Apply corwcrvation of cncrgy 10 thc accclcralkm i>f thc ion* by thc poten tul diflcicncc 

Up: Axtumc \ l m v i attd ncckvt thc V'Comporxril of v ihat b produced by thc magnetic forec. 



Un? a\ B x 

Exec i ie: (a) -«n * - ql\ so v - .i— — - Al*o. a — and f 



i.j 



Ib) Thb can be u*cd for isotopc «cnaraiton unce thc maa in thc dcnominaior Icadi to diflerertt locaitor* for 



EVALiAlt: For 8-OA T. clxlO'mX ^--^aod m -12 u = 10x10 "** kg. > - ILO ra Thc 
approairnation y «ib vahd a* longaix bon Ihc orderof 10 coi or lew* 
27.70. IdeMifi : Tutrunc ihc charued loop crcatc* a cutrertt* and thc external macrtclic IWId exert* a torque on 



SrrUP: Tbc curren* * / *fT-f. 1 fl>/) - flí'- tfi«r2ii> - fflOt Thc lorque i* r«/r0*un>. 

EXECUTE: ta ihb cate, ó - 90"and u - wving r ■ rUtf, Combmmu thc reuli* for thc tormic and cunen! 



EVALiATE: Any moving charge is a cunen!. 10 turning thc Loop créale* a currcni cauiing a magnetic forec. 
17.71. IDEVTOY: R ^^B 

Skf Vvi AfUr coniplciing am «cttiicirclc thc «cpataiion bctwccn thc iont t* thc dillcrcncc in Ihc dianxtcn of 
their pdths, or 2(A| t ~Rt*}* A «¡nglv »ni/cd mt\ has charge 4c . 

t**cw. „„ - ¿ ('^-"-W«-^-) ¿Mt ,| fflT . 
\;\y. (1.60x10 CROAIS m) 

<b) Thc only di ITcrcncc belween thc tw» tutlopc* h ibcir majuci — ■ — J— ■ corutanland — ■ — 



& ctn. Thc diamcicr 11 272 cor 



(c)Thc scparaiion c% 2(R.. - . I = 2(13.6 cm-12*5 cm) = 2.2 crn. Thts dittancc can be cavily 
C\ Ai.t ate: Dccrca^ing thc tnagncUc fick) incrcases Ihc icparation bclwwn thc two ÍíK>tope& al thc dclcctttr. 
27.72. Idemih: Thc forcé cached by ihc magnetic Ikld i* F ■ ItM*m$ a a F/m and b constan!. Apph' a conMant 
accclcntion cquation to relate v and d. 

Sn [>: ¿ ■ 4 10 : . Tbc dircciion of f b given by thc nghf-hand rule. 
EXECtTE: (*}F -ILB. to thc tighi 



Lj 2ÍL8 

(U2*IO'm'«r'<2Skg) .^.^..j^ 
2<2000Ar<0 + 50 RIH0.50T) 

EVALi'ATE: <? — ^ ^ ^ - 20 mV. Thc acccleraiion duc lo wivirv b oot ncgligiblc 

m 25 kg 

27.73. Ioemim: Apply F - HBxmf lo calcúlale ihe forcé on cach ^cgmctti of Ihc wirc Ihai u in thc iragnclic 5cld. 
Thc nci Ibrcc is Ihc vector sum of ihc forcea on cach «ctrnicnt. 



27-21 í hjpirr iT 



Si:f Up: 1bcdire<iionof thcrnagrjeiic torce on c ach currcnt ¿cgmcnl in thc fícld is ¿hown m Figure 27.7J. By 
t^mmciry. F^~ F t . F a and F m are in oppcujlc dircctiont so their vector nim b zenx The ncl forcé cuuaU F\ . For 
F t + ¿sWuul l~ 0.450 m + 

tXICLTE: F.-ÍI3- (6 00 AKA45Q mM0 + 666 T) - 1 JO N , The ncl fon* i* l R0 V duected to the fefl. 

EVAJ.t atf.: The shanc of thc región of unifomi field doesn't maitcr, aslonga* all of scgmcnl c w ín ihe field ar 
a* long a* ihe Icnglht of ihe pori*ons of scgmcnfctd and A Ihai are in ihe field ate ihe *amc. 

i 

i 



I ¡pire 27.7.1 

¡7.74. lotvnFv: Apply P-ÍI*É> 
SkfUp: t -á 

EXEC1ITE: <*> f -W¿>* * >í*{tf Thügivc* 

F, * -//i?, * -<9M A> (0250 roK - 0,985 T) = 222 N aod F t W/J, =(9.Ü0 A)<0250rnH -0242 T>- -0 545 X 

/ ' i.* anee the wire i» in thc ¿-dirccüon 

(b) F - ' tf; s J<222 N) : * (0.545 N)* - 129 N. 

E \ u i AT£: r musí be perpendicular to the currcni directíon. so has no r cornponcni, 
27.75. lotvn»; V&r thc loop ti> be tn equilibríum ibe nct lorque on il mutf be jcto* Use líq (27 26 i to calcúlale Ihe 
(urque duc to (he magnetic ficW and uw l!q.{ ID.l) for thc lorque due to (he gravily forcé. 
SEYlte See Figure 27.75a. 



poini /I ¡s al (he orighi 




Figure 27.75» 

EXIXtTE: See Figure 2775b. 




Thc toruuc is clockwíne; r_ ü 



Figure 27.75b 

For the loop lo be in cuuilihcium thc toruue duc to 0 musí be countcrclockwñc {opposiie to r'^l 
(hat r 4 ■ r . See Figure 27.75c + 
Ba 

r, - fá * V For ihi* lorque (o be 
counterclockwise ( t t directed out of (he 
paper), B must be in ihe + r*dircction* 

itan 27.75c 
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rj ■ grve*WffjanóO i* - mg(0,040G m)*in30.0* 
íir-(OJ5g'cm)2(BtM)croí6(» ero) -4.2 g = 4.2x10 1 kg 
J>(aK00m){0O600m|-4 H0x|0 k m 
«#(0,0400 m)(*ra3IMP) 
MiinóOO* 

( 4 2 * 10 1 kg 1Í9 .80 ufe 1 )( 00400 m|ú 30.0* 

íu: — i- 1 =0.024 T 

i%2 A)(4.80* 10 «vumoíMV 

EVALUATE: Ai ihc loop swings up thc toruuc dito lo 5 dccrca-tc* to ato and ihc loruuc duc lo»t£ incroatct 
ftoro ¿cero, so thetc mutt be an oricntation of thc loop where thc nct lorquo ¡i /oro. 
¡7.76. lofcvnfY: Thc lorquc cxcrlcdby thc magnciic Itcld it ^ - ji*3+ Thc torque rvuuircd lo holdthc Loop ín placo ¡*— í 
Si:r Up: u - IA j¿ ii normal lo Ibo piano of Iho loop, wilh a dirccikm grvcnby Ib: rjg.ht h¿nd rulo ihai i* 
illi&iralcdin Figure 2132 ¡n ib: lextbook. r - !.-Wnzx&, where <> w Iho anglc heiwccn iho normal tothe loop ¿nd 
thc direction ol . 

EXIXtlE: (i) r-/*fli¡nóÜ^-<l5.0AH0.0fi0mH0^ -) direction, 

To keep tho loop in place, you musí provid: a lorquc ¡n Ibo +j diroctíon, 

0» r SAB tin V* »1 5,0 A H0 í>ü mili) OSO mH0.4STl'tin*0 : - 0.01 7 N m + in tho direction, You murt 
provichr a lorquc m Ibo -y dircelion lo koop Iho loop ¡n piacc* 

Eyaj.iaye: (o) If thc loop pnolcd ihrouch itt cerner, then Ibero wouló* boa lorquc onboth *idci of Iho loop 
paral kl to tho roialion axit. Ilowovor. tho levcrarm it onJy half a* largo* so tho lolal iori|uo in oach caae is identieal 
to iho valuct (bund in pan* (a) and (b>. 
27.77. Idemih: Uso Eq + ( 27,20) to calcúlate ibo forve and then tho torque on oacb miall «ection of thc rod and 

infecíale lo find thc total magnciic lorquo. At cquitibriurn thc torquci from ibo tpring forco and from Ibo macnctic 
Ibrce cancel. Tbeipríng foicc dependí on rhc amouni x thc *pring i* itrciclicd and then U-±£x~ give* iho cncrgy 
*lored in thc spring, 
<*) StT Vr: 



Divido Ibo rod ¡nio ¡nfin ilc&imal tcciiom of 
lengih de. ai ibo in Figuro 27*77* 



F%d re 27-77 

EXIXtTE: Thc magnebe Ibrce on thiaicclion n dF, ■ IBih and i* perpendicular lo Ib: rod. The lorquc dr duc to 

thc forco on ihu axtíon i* dr~rdF t ~ ÍBrdr Ibo lottl lorquc k Jrfr ■ iB^rde ■ - if B - 0 0442 N m. clockwiw 

(b) Ski UP: F¡ producoi a clockwbc lorquo *o ihc tphnc Ibrce rmiM produce a counletciockwbo lorquo. The 
ipnng forec rnuxl be to thc kffc ibo ipring u *lrelehod. 
EXCCtTE: Find .r t Ihc antounl inc ipring b ilrclcnod: 
V : = 'I axil al binge. countcrclocki*'Íic lorquci pcaiti>'0 

(dttfwn»*-^// I ff = 0 

r _ HB _ (6M A)(0.200 «Ha W T) _ rt ntw ^ 
2ti¡n53.0 e 2(4.SONrn)*Ín53 í O & 

EVAUTATE: The magncikr lorquo calcubicd in pan la) is Ino lame torojuc calculated from a forre diagram in 
wh*ch thc ttHal niagnclic forco F t -JIB aels al ibo conkf of thc rod. Wedkln't inelude a gravity torejuc «neo iho 
problcrn %xtú ihe rod had ncch^ihlc ma^t. 




27-24 (hupttrí? 



27.78. iDEVnrv: Apply F •* tt * B lo calcúlale the Ibrcc on caen aid: of thc loop. 

Stí Up: Tbe net forcé ii ihc vccior *um thc íbices on cach aide oT the loop 
EXECUTE: <a> ■ |SOTAX0.6ÜOmX3JXlT,ssn|O s l =ON . 

F„ = (500 A)<OJK» ni) (XOO T)Mm90"> = 12.0 N . into the page. 

J^=<5J»AML0flmM3MT>^^ 

<b) Thc nct Torce un Ihe triangular loop of wtn t* yero 

(c) Por calculaling lorque on a *tra¡ghl mre wc can asmme that thc forec oo a v*irc i* applral at ibc win'i cerner 
AImi. note Ihal wc are ilnding thc lorque with respect lo the PR-axi* (ñor aboul a poiitt i. and conicqucntly Ihe lever 

Jim will Se Ihc di^tanec frwn ihc wirc's centef to (he v a%is r-r^UlC* gíves i" N 

V-lOm*F«n*-0 «id . -<0*3OOm)(]2¿ N)*¡of90*) = 3.60 N *m ♦ Thc net torque b 3 + 60 Nm + 

<d) AcconJingto£q t (27.2H). r - MW snio ■ - |IH5 .00 A)(¿)(0 .6Wm)(0 + 800rnH3 0(1 T)MitiW> - 3MN*nu 
whkh agrecs wiih pul (c). 

(r)SÍncc /.^ iiout of ib: pageand sinec thi* b thc forcé thal produce* Ihc nct lorque* thc poini O Wll be roiatcd 
out of ihc plañe ofihc figure. 

EVALUAYE In the expresión r-MLUM¿, wrhcangkbclweenthcplarwofih^ 
a inihbprobrcm. <UW\ 

E7«7f. iDfcVnrV: Vxc Eq*(27.20l lo calcúlale thc toree on a short «egment of thceoil aiut intégrale over ihc cntitc coil 



SefUf: Scc Figure 2770;, 




Convider thc forec dF on a *hort «cgmcni di at 
thc left-hand sibe of the coil* a» vicwcd m l'igurc 
27.69 tn the tcxtbook. The cunera al ihi* point is 
dirveied oul of thc page. dP ú perpendicular bolh 
ta B and lo ihc direction of /. 



Ccinsibcr also thc Ibrcc dr on a ihoti scgmcni 
un Ihcoppositc «ide of thc coiL. al thc ncht^hind 
tide of Ihc coil tn Figure 27.69 ¡n rbe tcxlbook* 
Thc current al thi* pomt is dirccicd inio thc page 



The tw ¿fcclchcs show ihal the vcornponcnis cancel and Ihal the .^componente add. Thn i* truc Ibr all paira of 
thori segmente «n opoofute skIc* of thc coil Thc nct magnetic Toree on Ihc coil i* in Ihc i**dircclion and ite 
magnitudc is given by /■' - \dF t * 

Cxilí tTE: dF ■ idltt%m¿. But B t% pcrpcndttiUr to ihc current direction so o ^ 

éF t - rfFco*30 + 0 - ¡BwtoMSrdl 

F~jdF 4 -/S 03*30.0^1 di 

Bul jdJ- \ r i2xr) t the toul lengih ofwirc in thc coil. 

F-/aco*30í^(2aT)-(0.950A){ft2l»T)(c«3ar|(S0(2j(0.l»^ N)j 



EvAJ-iATt: Thc niagncoc fickl makes a eonMant angíe \\t\h the plañe of the con hut has 
dilTerent point s around thc eúeumferenee of Ihc coil so n not unilbrm. Thc nct forcé i% proporcional to the 
maí nitude oT thc current and revertes dirvcinn ivhcn the eurreni re versea direction* 



Magnclie Hcld *nd Magnctk F«vw 2? 25 



¡7.80. Idemim; Corntcrvalum of encrcy reblen ihe accclcraimg potential difícrcncc Tío ihc final ¡tpced *tí thc *>rrv In 



Ul 



thc rruignciic fícU región thc ion* travcl in an are of a cireie ihai has radiu* /í . 

Sef Up: Tbc quartcr-circlc paln* of Ihc rwo ¡on* are *hown in Figure 27.RO* Thc scparmional thcdclcctorii 
A** - /f ¿, - ♦ Each ion has charge */ - * e 

f\ m Llfl 



Kxec t te: (a) Con*cr\ation of cncruv gitvs Mí' "ian^ and v 



m pr - (Arantf flAr^S 1 ^ (1.60- 10 l ' < x4 + 00* 10 : m) <0 050T) J 

2^|^Í7-^I( Í 2(^-J¡«7)* 2( ^299 * 10 * kg - ^2.66* 10 * kg )" 
r«3J2Kl0 l V. 

Eyai.íate: Thc &pecd of thc "O ion afier it has been accclcraicd Ihroueh a poicntial dilTcrcnce of 
r -3,32x10 V b 2.00x1 u m's + Inerc^tini; thc aeeefcrjtme voliagc mercase* thc scparaltonof thc two 
tí thc detector. But it úoc* thb by ¡ncrcaMng thc radiu* of thc palh for cacb ion. and thi* inervase* thc required n«cc 
nf ihc mavncl>c ficld región. 




«■ora 27M 

27.81. Ioevuey: Appry <?F - h# * B lo caeh tide of Ihc loop. 

Sef Up: For cacb sideofrbe loop* Jt j* parallcl lo ihai *idcofthc loop and i* in thc dircciion of A Smcc thc loop 
i* ralbe allane, r-0 ai thc loop and B - Oat ineloop. 

EXCtliTE: U) Thc nugnetic fie Id linc* in Ibc replane are sketched in Figure 27.81. 
<h) Sidc 1 . that rum from (0,0) lo (0J.): F - J Idt * B - /J ' ¿ * f - 4 ff/ff. 

Siik^thatromírwn^ítoaX): F- J SU B - I [ !Í^Jlj- ífijj 

SídcJ. thatromfrom<¿J.)lo(¿fl): j Ídí*Í-l j &t ^(-i)- -±t8JJ . 

Siik 4, that runtfrwn (/.,<•! toiO.Ol / - j Sdt*É-l \ !L—.}-0. 

i<\ Thc tutnof all forcé* ix 1^™"'^»^- 

Ev ajxate: Thc nci forec on sklc* I and 3 is /ero, Thc toree on «idc 4 rt /ero, unce r - 0 

and 1 hete f ore - 0 tberc. The nct forec on thc loop cquaLi thc forec on sidc 2. 

I 



and Z Ü M that Md: 




niara 2741 



27-2* Ch*ptrr27 



27.82. lotMiM: Apply dF~Idt*B tocach i*dc of Ihc loop, i -r xf . 

Skf Up: Fot cacbi*dc of me loop* di is parallcl lo ihai *i*k of thc loop and i* in ihc dircction of i 
I aii i f n: (i) THc nutrnctic ftcld linc* in ihc n ptanc are «kclchcd in Figure 27.82, 



(b)Siifc I. thatrunifrom (0.0) lo 10X1: t - |M /í - / f A i - ±BJM 

Síóc 2, dial ni» from (0.1) lo (IX): Jtf* i ■ - -jV> .'A 

Side X that rom from <¿¿) lo |¿ t G|: / - [ .' .V H - k - +±JB,Lk 



Siik4.thatriimfrcim<¿^(o<0 t 0>: ? -¡tdt * É-tl-^i-ky-^iB^. 

(c) I f frec lo roíate about Ibc i ■ axiv thc •orque* duc lo Ihc Coree* on ¿idci I and 3 cancel and thc torque duc lo thc 
Coree* on tide 4 i* /ero. For "de 2, t -Lj + Thcrcforc* f~r*P "—i — j ^S^iABJ , 

(d) I Circe lo rttfatc about Ihc c-axii, thc torquesdue to ihc Coree* on *idei 2 and 4 cancel and thc torque duc to thc 

IB í! 

Coree* on i¡dc I i* foro. For ttdc J. r = ti . Therefore* t~r* F ^^^—j^^iABJ . 

Evalí'ATE: (e) Thc cqualion for thc torque t ~ u* B i*» n**t approprtalc lince thc magnclic llcld i* not con* Uní 




Figure 27,82 

27.83. Idí.miiv Whilc ihc endi of Ihc w ire are in conlact wiih ihc mcrcury and currcni flowi in thc w h irc, Ihc 
llcld exertt an upward Ibrcc and Ihc wire ha* an upward accelcrolion. Altor Ihc endt Icavc thc mcrcury me 
decimal connection » broken and thc wire b in frce-fall. 

{a) Ser Up: Aflcr thc wire leavc* thc mcrcury il* accclcraltoo is#. downward. Thc wire traveta upwani a loial 
dislancc of 0.35O m (rom iti inilial po»iion. It* end* lene conlact wiih ihc mcrcury after ihc wire ha» Iravclcd 
0.025 ra* so Ihc wire rravcl* upward 0.J25 mañer rt kave* thc mcrcury. Conudcr thc moiHin of thc wire after ít 

lcavc& ihc mcrcury. Takc * r lo be upwjrd and lake Ihc origin al Ihe poiitionof thc wire a* ¡t lea ve* thc mcrcury. 

a, ~ -9JE0 mv, p r- j* # = +0 J 25 ■. • i- (at máximum beight), Y tl »? 

KX£CliTE: Y tí , i J-^(y-y # ) * J-2(-*,B0 my >(0^25 m) - 2.52 mA 

(b) Ski t'P: Now connder thc mol»on of thc wire while ü ü in contad with thc mcrcury. Takc *r lo be upward 
and thc original thc imital poiiiion of thc wire. Calcúlale thc accclcnition: j'-v, & «0.025 nv t\, ■ 0 Itlarti from 

rc^ii. r, ■ «-2.52 ms (from pan la)), a r «? 

2(y-v t ) 2<0.025 m> 



Uagnctk Pidd *nd MapncU Forcc* 27-2? 



Ser Uf: Thc frec-body dugram (br thc w¡re ta gíven in Figure 27JC3 

E&ECHTE: ~ 



Figure 27JU 

/ 1* thc length of thc horizontal «ociion of thc wire; /- 0.150 m 
^ _ (5¿0* 10 "* kgK9.80 m-** * 127 m. l * ; ) J5 ^ A 

t<). l50mH0 0O650 Ti 

<c> Idevtifv and Sr.r Un l í*c Üfam'% law. 

p i.so v 

ejocito k-MmIU— - -o.19ho 

J 7.58 A 

E VALIATE: The cuncni i* large and thc magnetic fotec provicta a large upward accclcralkm* During thii 
upward accclcration ihc «iir movet a much thorter diitancc a* (i gain* ipeed than ihc dUlancc i* mm« whilc in 
írcC'falf with a much «nallct accclcration. a* it kucs ihc «peed (i gained* Thc Urge curre ni mcaru thc rc*¡*tancc of 
(he wiic muit be xrtuIL 

27.84. lotxmv and Si r l >: Fotlow thc procesares ¿peciñed in thc problem 

ExtrtTE: (i) jY , whcnr i h j ukii vector in ihc ungcntiaJ direciwn. *// - RdfJ\ - tintf t co*¿jf] Note 
tlut Ihi* implics thal when - IX thc line element poinl* ¡n ibc m diicction. and when ibe ¡ingle U 90-, thc line 
clcrocni point* in thc -T-aHrcction. Tbi* ¡* ¡n agreement %\ ith ihc diagram* 

<b> / - J -mOIBR <ti>k - jco*OMft -0 + 
and T=fá*B. 

EVALUATE: Seclion 27,7 of thc tcxtbook derived r-/J*¿ tat thc caic ofa rcciangular coil. Thist problem 
shows ibal thc same resull alwi applies to a circular coi). 

17.85. {■) iDEMIFY: Use EiiJ27J7)to reíale [/. p and É and use Eq (27.26) to relate t. p and * We abo kntm (bal 

ití = flf + + B¡. Th¡* gh c* thKe cquatic4i% for thc Ihrcc cornponcnlü of fl 
Si: r V?z Thc loop and cunrent are Jiown in Figure 27.85. 

y 

u js mío thc plañe oflhe 




a} - -¿a, A - a./ * a. y * a* 

trompare chuto thc cxprcwion gi^en fot f: ÍAB M - 4D*o8. =4D Mand - IAB.--lD*nB 4 =lDttA 
B docm'i contribute lo thc lorque «nec nalong thc r-direction. Bul B- B t and B¡ + B¡ »0? -ff¡; wím 
4^s|3l>/¿f. Tbiw a ii^Jg-í'-fl; a±(D/W)^l69-9-l6 = tl2(D/AI[ 

Th«6 5 itnegame determina thc ^gnofa,: 6' - -¿ ¿ - -(-¿4i) tBJ + Bj . I^í) - WHJ» 
Sot'ncgativciavithat a n neg abve. and (huí ¿ -\2n I I 



EVALt'ATE: fá \% aloog thcr-axii *oonty B.m\B r coittríbute lo ibc lorque. B t produce* a r'Componcnt of f 
and 8 produces an*v>componcnt of Only W affccta¿/, jind 6* i* negativt when /i jnJJí arcparalkL 



27.R6. Idíviwv 



/.*Íand„ 
Al 



Si.r l-p; Thc «hrection oí » given by thc riuhiTund rule that j* illutiratcd m Figure 27,32 ín ihc tc.vibook. / i* 
m ihc direction of llou of positivc chargeand oppo*itc lo Ihc dirrcinm of flowof ncgalivc charge* 

EXIICI Te: H 4-*.*£.«L.JL 
di Al 2xr 3xr 



(c)SÍnce ihcrc are Iwo down quark*. each of half thecharge of thc upquark* n 4 — ^— > Thcrcforc* - ^ 



l(9 66i-10' A m ! » 



2cr 2(1.60 - 10 " CMI -20» lir 7 !») 

E VALIATE: Thc *pccd calculaicd in pirt fd)i* 25% of the xpeedof light. 
lüi.Min: Eq.(2" + S> lay* thai ihc magnetic ficld Ihrough any ckwcd airfacc is /ero. 

Sur Up: Ihc cylindrical C¡aus*¡an xurfacc han il* lopat z«£ and i(* botlom al r«0. Thc rc*i of Ihc Mírlate ín 
thc ctirvcd portion of thc cylindcr and has tadiu* r and Icngib ¿. ¿f-Oat thc boitomof Ihc Kurfacc «¡nce z - 0 
diere. 



7.S5xl0 T m/* 



: u. .■ i í ■ ■ f BdA-UpL)dA+ \ B.dÁ - 0 Thi* givc* 0-f(Ur l . a 2rr¿ . and 



(b) Thc two diagnimi in Figure 27.87 *how vicwiof thc Hcld une* frora thc top and ikIc of ihc Gaimian surfacc 
EVALIATE: Onlv a pottion of eoch ficld hnc b sJimvn; ibc llckl lints are ckucd loopi. 





Figu re 27-87 

lotvnrV: 6* - -jt*B ♦ In pan (b)appty con*crvaüon of cncrgy. 
Srr Up: Tbc kinetic cncrgy of ihc rotaiing ring i* * - UtJ . 

EXECUTE: (m) Mtm-fa íl--^-^) J -(^ + Kj%0.6/))] 1^(12/ »J}*4Í|] 

Al t / ttf | **>H * (MM*3) * l* I" -*t|- 112.5 A«4J5 MO* m X0GM5TM -1 l 8) 

í^fxID-J, 
1 ' 2 V ' ifs.SOxlQ kg m' 

E\'ALi'ATE: Thc ptitcniial cncrey of thc ring dccrcatc% and iti kinctic cnctuy mctcwci 



■": i 



iDt.vim kx| SCT Lif; In ihc magnciu* ficld. íí thvc thc partteíe exitt thc ñeld it m\-cU in a vlíajg hi hnt 



Throughixii thc moi»n ihc tpced of ihc pariidc i± mxsurti 



mv (3 20*10" lcgKLJ5-ltf m%\ 



Maatcta: Fídd *nd Majmctk Forcé* 27-29 



(t>) Sce Ttgure ~T.K*> The diitancc along Ihc curve. d+ a given by - RO ♦ wntf - ° ^ *o 

5.14 m 

tf=2.78° = 0,W86rad. -Afl-{M4 mX0.04H6 rad) -0,25 m. And — - — 025 m — «¡^ht^ 

ip L45*10* rnfc 

k> A>¡ -<fttnftf'2> = <0 + 25 m)tim<2.79'i 21 -6.08*10 'ni* 

(d) Av - Ar ^ Av¡ , where Av. i*, ihc horizontal düplaccmcni of ihc parttclc frotn where it cxns Ihc ficld región lo 
where iihiu thcwaIL At ; = (0.50 mit*n2.79 1 '-0.0244 ra Therefocc, A* -6.08*10 1 ro * 0.0244 ro - 0.0305 m. 
Evalúate: Jümuchlcu üwnft. «? (he horizontal dctlcctton of Ihc partióle i* much *malkr iban thc dinance il 




Fijare 27.19 

27.90. lofcVtlfY: Thc curren! direclion it perpendicular lo 5 . *o / - HB . [fine liqutd docán't flow. a íbrec 
t -V M ftom Ibc presiurc difTercoce nmvt oppoic 

su n J- U, wbcre A ~kn\ 
E\ECliT£: <a> jV> ■ FÍA - JIff/J - A8. 

(0.0350 m)(2.2üT) 

E VALIATE: A t'urwiw of I A in a wirc wilh diameter 1 mm corrc*pond:t lo a currer* dcn*¡ty of 
y * 1.36x10* A'm\ *o thc current densitv cakxibted in parí (el n a typical >aluc for circuito, 

27.91. lDtvn*\: Thc clcctrtc and magneuc tlckfe cxcri forcei on thc moving charge. Ihc work oonc by ihc ciccrñc 

Hcld cqual* Ihc change in kmette cncr vy. Al Ihc lop point. n p ■ — and lh¡* accclcration mutf correspond lo Ibc nct 

R 



Sr.T UP: Ibc decirte íicld i* unifbrrn mi thc work ¡t docs for a dbplaccmcnt y in ihc V'dircction ii íi - / V - qí 7 .\ 
Al thc lop point* F¿ Uinthc - v-dircction and t\ ¡*inrbe m direction. 

EX£CLTE: <»> Ibc máximum ipeed oecursat thc lop of thc cydotdal path, and henee thc radiu* ofeurvamn: i% 
greatert therc. Once thc rnotion iibcyond Ibc lop* thc partklc tibctng *lowed by ihc clcelñc field. A* ¡I rctun* 
toy =0. Ibc ipeed ctcrcascs. Icading lo a «nallcr magnelic forec, until Ibc panielc tlop* coniplcicry. Thcn Ihc 

clcclnc ficld ag4m prm id^ thc accclcralion in thc í^dirccinn of thc particlc kjdinc lo thc rci>caicd molion. 



|b)W- í £> -iw' and * = 



(cpAllhciop, f ^f-^^ ^ -^-Íí£L 3 -qE. IqE^qvBmá v-— . 

n 2 1* nt 0 

EVALt'ATt: Thc *pccdat thc topdcpcndN on ^bccauNC 0 determine* thc i'diiataccmcnt and Ihc work done by 
thcclcemc torce depends on thc * di^plmxmctt* 
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2S.L lDf.vnn uidSr.r l.>: U*c E^ i2S 2mo«IíhiUc B at caeh point 

« A ft&xf rinrm - * 

h . míkc r - — , 

4t ? 4t P r 
v = |¡ví*0* 10 m 1 1 > jnJr i* ihc vector irom (he charge to (he point where ihc ficW w cjkubicd 

EXiCi TE: W r = (Ü 500 mjí, r -0.500 m 

fxra uyxi » -w¡fc 

p m«- , , .16.00x10* CHRTOííIO^ rn.il- 
fl--— — A --(1x10 T'in'A¡ 1 -A 

4*/" (0.500 cu)" 

fJ = -(L92xlO f T)¿ 
(b}rm -( 0500 m)/, r- 0,51» ni 

vxrm-wjKjmQwadBmQ. 
<c) f = (0500 m)¿. r-OMOm 

, (6ü0*I0*C1(8 + 00hI0* m *) . ( - 

0 = (l*lO TrnAU " Li -+(l92*IO' f TW 

* ' (OttOm) V ' 

<d) * » -(0^500 m)j+(0500 m)¿, r-^(O.5OOm)%(0.500ro) J ^0.7071 ni 

, .(6.00x10*01(400*10* ra , 

fl=(UI0 T T m'Ali ü U = 1-16.79*10 4 T)/ 

' (0.7071 ra) y 

Eyai.cati:: Al each pomt Jf i* pcrpcndKubr to both r and r. H - 0 along Ihc ihrcciion of **, 
18.2. Idextify: A moving eharsc crciio j uuL-ttctic f:cU ac II ai un decirle ficld 



Sef UP: Tbe maunciic ficld cauned bv a movmg chame w & - ÜiüJÜü£ t and iu electric fieW ú £■ — — - 

4^ r ít< 



■once ^ ** 

Huí i tu; SuhMituic ihc appropraic numbers inlo ihc above cqualion*. 

B j/, ^van<# 4t*I0 " ? T m'A (160*10 "CX2.2xia*itVi>*¡n90° 
~4r 4Í (5.3x10 "ra)- 

r (900* 10" N ro-'CMlAOx 10" C> 



- 13 T,oittol (he page. 



£- ¿— ? 1-5.1*10" Nt\ lDwardthee4eí(n>n 

Jtf^i^ (53x10 ra)" 

I-A uuii: Therc ate cnormous (Wlds wllhm ihc alora! 
2*J. iDBfnm A moving charge créate a irugnctk ficld 

Skf Up: Tbe imenetic ficld due lo a movine charec b B- ** x ' 

4xT r 



*1 



Exuti JE: Sufetituting numbcr* rolo ibc abovc cquaiwo give* 
ñ B ft tfvíinot 4TX10 1 T*m A(L6xlO "CxXOxlÜ 1 mtajun30 p 
" ~7fr? 4* (100x10* mi"* " 

B ~ ó + 00 v 10 T, out o! thc paper.. And ¡t ¡* roe at poini H 
<b)fl-<lJM* iO T T'roAKiM* LO '*CK3.00* 10' nv*y(2<H> x I0*m) : 
jB- 1,20 « 10 ? T, out ofihc pagc. 
m ■ - 0 T unce *in( 1 80" í - 0. 

EVALUATE: Evcn ai high £pccdá* these charge* produce nugnetic ftcliU much le** tlum ibc liarth** magnciic 
Fkld. 

2K4. Ioémim: Both moving charle* produce magnetic ftdcR and ihc nci fícld i% thc vector *um of roe rwo ftelefc 
Si.r l."p: Both ficto* poiniout ofihc paper, so Ibc ir magnitudes add. givrog 

* j^(*«n4l>*-*2*«nlil0») 

Exuci te: Facloringout an *"and putimg in roe nurobers give* 

fl ,4 T .IO-T.m.A, l .W.IO'VM2M-10'm l ,)_ jon , 2 ^ |jy) 
4t <L75*i0*ror 

£-2.52x10'* T-2.S2mT\ Mil of thc ruge* 

E\ aii.atk; Al diitiancc* very closc to thc charge** ihe magnetic ticld b Mrungenouch lo be important* 

US. Ilis-mv: Apply B-*LE4¿. 

4» r 

Skf Up: Sroce ihe charge i* al thc origin* i m x¡ + yj + zk* 
ExiXLTE: (a) v-vr\r-ri: y*r-0. tf«0. 
(b) ?»ií f r^/ji v x r ■ wifc, /*-0 + 50Ü rn* 

~WW P íoTcOm? 
q » negante. *o B - -U 31* 10 * T)Í. 

it} r>- vt\/- (0500 ro)|i ! + /H t»x/ ^ (0.500 mM. r- 0 7071 ra 

(1.0x10 r NV/C*XU0k10'' C)(0.500rnH6 K0xl0' m. 1 * 
«17071 mi' 



£)kll-> 



r I- 



J>4.62xl0~' T. Í--(4.62*10 * T\L 
(d) r - ni, f - r¿t; íx r ™ — \rj+r^ 0-500 m 

j,f^kK aO*IO : N VjC*X*J0«»* CKM0xl0*m^ , |1|H ^ T 
\.4r/P" (OíOOrnr 

¿-(LJlwlO* T)| 

EvaLItaTE: In cach ca&e* É is perpendicular lo boih r and *■ 
tf.tw iDCvnrV: Apply ti - — " * ' For me magnate tbrce.app ly thercwtluof lUample 2S.Lexcept here thc two 
chaige% and velocttievt are dirtereni- 

SCT FJr: In parí (a). r« J and 1 1« perpendicular to y io cachease, to I '* I - ^— Forcakulatíng thc ferec 
belwecn thc charges^ r - 2d. 
ExtrUTE: MB._ t = B+ir^#ii* 



^1 (8 0x10 * CK4 5*10» ^3.0x10- CKMxlPf ^ T 

i^t (ai20m) J (0.120 my 



The directiiMi of i's int» ihv 



Sana oíMAgnctie Fie Id 2fM 



(b> Followíng Examplc 2X I wc can Tmd Ihc magnctic Torcer bctwccn thc charge*: 

*~ ' Í03¡0nT? 

t\ ■ 1.69* 10 1 V Thc torce on (he uppcr charge pointt up and thc fbrec on thc lower charge pointa ikwo. Thc 

Couk^b toce bc^cen Acch^i i* F, -* 10' N -m'/C) <8£l>£^HM^£í.i.J5N. 

r (Q.240 ra)* 

Thc (orce on Ihc uppcr chuce rainu up and ihc íbece on thc kmer charuc pomt* down. Thc ni ti» of thc Coulomb 



(o ihc mimih! 



Le Ibrce b — — ■ - — ■ ■ ■ 2-22 w 10*; thc Coulomb Ibrcc b rnucb Urgcr. 



(b) Thc rruignciic forcé* are reverted in dirccltoo whcn thc dirccinm of onty onc vclochy b reverted bul ihc 
nvi^nitudc of thc torce b uncruinucd. 

E VALIATE: Whcn Iwxi chargei bave thc lame itgn and mo>c in oppo&ilc dircction», Ihc focee bctwccn Ibero b 
rcfiubivc. Whcn lwo chargei of me unte sign men e in thc sime ditcction. thc Ibrcc bctw ccn thetn » auraclivc, 

W*7. iDtvnrV: Apply É m ^ f f * Por thc rnagnel»; forcé on </♦ u*c ^ m 4f** B 4 and Ibr thc magneto forec on 
SkfLip: InpartíaKr^rfaiKl!— 

EXECtTE: <»M'--fl;*4«£d^, útfothepnge; a, = outofibepos* 

<b>Thc Ibrce ibai ? cxcrti on / bgtvenby F m qV - II . ' /i b inio ihc page. «a thc forcé on 

4*<2d) 

b loward v ■ The Ibrce ihat i* ' excrt* on <j b loward if T . The forcé bctwccn me hvo ch&rgc* b ailractivc. 

<f) r-üm, F. ■ * SO ^sUVVs/itfLf^OOMlO* mkl'sl.QOxlO*. 

EvaliaTE: Whcn charge» of oppo*ilc Mgn irxivc in oppositc dircctioni* thc forcé bciwccn Ihcm b artraclive. For 
thc valué* tpcciTicd m pan tcK ihc magnctic forcé bctwccn thc two charge* b much unallct in tnajfmtudc man thc 



2$*s. loivnf\: Both rooving charj;e% crcaic ma^nciic TicUIn, and ihc nct fiekl n the vccior turo of thc two* Thc 
magnelic forcé oni n^ving cbarge ¡* F — (pBxui ó and Ihe clcclrical Ibrce obej'i Coulomb' % taw. 

SETUF: TnermtMKtkTicIdducloamovrogerwr^ B 

4t r 

ExECtTE: (i) Both 5clds are mío ihc piec» mi their rmgnilude» add, j^iving 
B-B^3 p -^+^y>W 

&- ÍÍLilMxW 1 * C)( 845,000 m^J ! r 4 ! ? 

4x K ' l ^<5.00xlO"mV (4.00x10' m)' 

B - U9 « 10 *T~ IJ^mT. inioihepage. 

■ IdI-in: B- Mt<tX *?* .ntcrer- V^Tnmuid^- IMr *arcUn|5.4i - 12S.r v get 
4fT f 

^^vrvlO-TmAU^IO-CK^OOO^ 
4r (J4lxl0* m>* 

(*> ^ -^a*m90 4 -<L6Qx]Q " C)(845,000 m*K2.58xlO* T> = 3«y|0 " ,? N. m the dbxction. 

(ViíxIO * m)* 



EVALUATE: The ekctrtc Ibrce i* much ttrtmgcr ihan thc ñute nchc forcé. 



2fr4 Ch*pttr2* 



lotvnn 

Si.r l."p: Tbc law of Dhh and Savan «ivci dd - 



\ cititciit ¿esnxni erc4lci a nusnctic ilcld 

Í7~ 7~ 



2&10. 



tXK i it: Applyínglbcbwof Diot andSavarl ¡uve* 

4n (00500 mr W 

(bl Tbc lame a* abovc, exccpl J|5.0O ciñ> T *{Í4,0 cmY and arcian(5. I4| - I9<65 : . givíng 

tnitof Incpagc. 
|cW*-0*Íoce¿-0<\ 

lv \ u i ATt; ThW ti j vcry tfrall fickJ, bul it como* Irom a vcry *rrall *cgtncni of c 



- L67* 10 "T 



|0*\IIM; Appív Jff- — 



Ix 



Si:f lip: The imgmrudc of thc íickl due tiMhcc\irfcnlclcmcntU*/ff- **" ^""^ ^hcrc * ¿i thc anule belween 

4a r m 



f and ihc cunvtit dircciHHi 

EXEClilE: Thc magnciK ficld at ihe givcn poirw* ic 
A Jtfu* A <200 AK0.000100m) 



r' 4x (OJOOmT 
jmi:^ |200AKO + OOü|i»mi*in45 
~~ ? ir 2íOlO0m? 



■ 2.00 x1o T. 



0.705*10* T. 



d8 ¿i, /rf/*jn¿ 1200 AMOOOQIQO m> 1 ^ |rt fc T 

rf j ^ W/iinrf /iiiKO 5 ) ^ 

J 4x r~ 4ff i** 
rfiT A> (MOAHOQOI0Om>^2 .^«^ T 

' 4v ? 4x #0.100 rrO J ^3 
Thc fícld vectorial cach pi>int are &bmvn m Figure 28 JO* 
K VAl.i atii: lo cach ca.se ^ff i* pcqvnd>ciiUr le» ihe cune tu direclkm 




Figurc 28.10 

iDcvnrv and Sur Vrz Tbe maynctK fícld produced bv an inrmrtc*imal 

JB m —íLlL Ai ¡ n Examolc 2K2 uac Ibis ctniai™ fiar thc fuiift 
4* r J 

A/ — 0*500 nttii Icnjfih ¡& rrtucb iraallcr iban thc di\iances lo thc (Wld ponMi 
¿ A. ÍAIxr y, fÁtxr 

*T~? 4* ^ 

/ixiorbe trHkreet¡on.sDA/ '-(0.500*10 ' m)* 

EXJXUTE: (*)F¡eldpouilÍ*alr- 100 m.r- 0, r - 0 »othe wetoe r fn>m thc %Dtircepo¡nt (al ibeonguilio tbc 
fícld poínl ¿i r «(2.00 rn)j. 

A/x# : »|0.S0Oyl0 * m}{2Mm)Íx¡ m*{tM*W l nY)j 

(IkIO ' T-m AH4.00AJ|1JW*IO 1 m J J- 
B (2 00 mi * 



¡5-MkKT 1 ' T)j 



Sourec* of Magneto Ficld 2H 5 



ib) rm(2Mrn)j. r = 2XH) m. 

Af x>-I<X5ü(>*tO 1 m)l2 W)m)Ax/--|l 00-10 J m 1 )/ 

(200 mí' 1 } 

M i - (2.0O m)(í ♦ /), r ■ ^2 (2.00 m). 

A/x/-|O.SOO»10 ° m}(100m)¿ K (jSjj-(L0Q»]Q ' m J )(í-i) 

(IkIO'T mAl^.OOAlílOO-lO'm 3 »,. 5| _ w . 

- 5 pfc^J V<H-™ "')<<-;) 

(d) f - 12O0 mi r ■ 2.00 m 

M xr- |05(X»*|0 i»X2.00 m)¿xA-& í-0. 

Eyaeiate: Al cuch pumt JT i* perpendicular ti> both f and A/, - Oatong thc length *»f thc wirc 
18.12. iDf.viiFv: A curren* *cgmcnl crcalci j nugnctic ticld 

Ser UP: Thc liiw of Dhh and Savart vive* ¿fi - ¿1¡¡^1 . 

4x r 

Boih ficld* are inio ihc page* *o Ihcir magnitudes add. 

E\Et l TE: App-lymg ibc law of Uiot and Savart rbr thc 12.0- A curren! gives 

LSD en 



[120AHOOOI50 ni, 



4x <0.uKOO m)' 

Thc licld from thc 24.0-A *cgmcnt i% Iwiee thü valúe *o thc total ficld i* 2.64 x 10 T. imo ib: page, 

EVALUATE: Thc retí of cacti w iré atto producen ficld at /*. Wc have calculalcd ju*t thc ficM from ihc iivn 

segment* ihat ote mdicatcd in ihc problom. 

¡8.13. Idi mj^: A cunent *cgmcnl créate* a magnctic ficld 

¿i ttít%toó 

SeF Up: Thc law ol U*»l and Savart p\c% dB ■ — ■ Bou ncldi are inii> thc ruge, m> their maunitudet add. 

4ff 



I-Anuí: Appfying Ihc Diol and Savart law. wherc/»- 4^(3.00 cmy +(3.00cm) -2-121 cm t wc ha\c 
4z x 1 0 1 T miA(2K.O AM 0.00200 m huí 45.CT 



- L76 * 10 T. Htio tlic papel 



4* (1X02121 mY 

Eyaj.£ate: Evcn ihough thc tvro vtirc *cgmcni& ate al riuhi jnelc*. thc mainel ic ficld* tbey créate are ¡n ihc 



¡8.1 i> Idemify; A currcnt *cgmcni c reate* a magnctic ftcld. 

Sef Up: Thc law of tUot and Savatt yivci dB ■ ^ Atf<<o^ m ^ f tf * ^gn^^ an ¿ into lhf 

pauc^ íi> iheit ma^nitudcH add. 

tfi 4x»10 1 1 ni A (15.0 AH0.00120 m>sm90 ? , É 

EXECIin: rfJÍ-4 r- -2.SK» 10 * T. rolo ibe page 

4x (0.0500 ni r 

EvaUtaTE: A unall curteni ciernen! causes a *maJI magneiie licld. 
¡8.15. Ioemim: We can modcl thc tightnmg hull and thc houwh»ld eurretil a^ very long eunrent-carr> h ing ttüe*. 

Sef Up: The mairnetie lícld pcoduced b>- a long wirc n B- . 

lírr 

H VEClilE: SuhMituting thc numérica) valúe* givci 
(4x»10-Tn,AH2D.000Al_ SxtQ , T 
2*5.0 mi 

EVAUTATE: Thc ficld from Ihc lighining bolt n about 20 time* ai Mnxigas thc Md IV™ ihc hou ^eho Id curre nt 



2S4 ChaptrriS 



¡8.16. |pt.\iu^: Thc Umg ciCTcnt-carrywg \\uc produce* a magnetic fícld* 

SkfL p: The macnciic field duc lo a Umg wire ta £ 

2xr 

EXUCUIE: Fmlfir*dthccurretM:/-(JJO* 10" clfe)f L60 * 10 rt C/d>- 0.560 A 



NJíta find thc magnciic ficld 



- UQ - 10 T 



Sincc cJctfrons are nvvativc. thc conventional current nuis from cj*i lo wat mi (he iragnclíc freíd above loe * iré 
points t« i A Jid Ihc mrih. 

Fvaía ATE: Thn rnagncitc fiekl is much ks* iban thal of thc tartk so any cxpcrimcAL* mvolvimt *ueh a euneut 
would nave lo be xhtclded from thc tlanh's magncUc fícld. or al Icast noukl bave to takc ii ínto considera! ion* 

28. 1 7. lotMUV TTr* long current' carrymg wire produce* a macnctie field. 

SkfLIp: The magnetic fícld due lo a kmg wire ta fl-üí. 

I ah i 1 te: I rrsi solvc Ibr Ihc curren!, then vubMrtutc ihc tuimber* u«¡ng ihc above cqualion. 
(a) Solving fot thc cunen! gi ves 

/=2^r¿^-lff(O.O20OaiHLOOxlO * T>|4vr*IO T T nvA>-IOO A 

(h) Thccarth** homi*iijl fícld poinu northuariL so al all points ditccily above Ihc wirc Ihc ftckl of ibc wirc would 
point rtorthward. 

(c) Al all points dircctly casi of thc wirr, iu ficid would point norihwanl- 

EyaiiaiE: Even ihough (he líanh's magncitc lie Id u rather ^cok, (i require* a fairly larue currcni lo cancel this 
fícld 

28.18. lotvnrV: Fot cacti irire íi-^iL [Eq 28 % and thc directiva of 0 » given by thc nght-hand rule (Tig. 2M6 in 

(he (cxtbook). Add thc ficld vcclors Ibr cach wirc to calcúlate Ihc tola) f.ckl 

<*)Sí i Ir: The t»o field* al this pomi have Ihe direction* shown m figure 28.18a. 



*1 



Kxw ni: Al point P muhvay benveen 
ihc lwo wirc» ibc fícld* B í and B-. duc la 
\hc luo vuncnt^ are i 



P%m2S.IAi 

Bul « --B^^L. w»B»0. 

(b)SKT I t p: Ibclnv Iklds at ihi* point have thc dirccikfm \houu ¡n Figure 28.18b. 

y 



1.1 1:: Al point Q abo\c thc upjvr 
*irc A and B. are both direcled oui of 
ihc nage . l r.vtionK so B-B. + B*. 




rii¡urv2K.IHh 



2xa ' 2xOa\ 



2^ V 



Sourcc* or\Ugnec¡c Fícld 2H-7 



[OSl.T te: Tne fíelcH at ihiKpomt KavcibtfdircciHimsbhmn ¡n Figure 28,1 Se 





/ 


„ ¡ 


1 

1 


1 J 


* 

#í — 




f 


ú 


A 1 



EKGCllE: Al poínt ft bckw ihc lowcr 
i*irc A L and B. are botri direclcd inio ihc 

.1 r _ ■_ fc i ■ ■ n B-B +By 



Zira 



Figure 2&ISt 

Zn 



'.7' 



EyaI-Iatu: Jn Ihc figure* wc nave drawrt. a ilue to eaeh vtuc i* oui of ihe pj^c ai pouu* abo ve ihc wire and 
(be page al poíni* bclnw ib; wirc. If the hvo fícld vector» are ¡n oppcaitc dircctionit ihc rmgniiudcx wbtraii. 

28. 19, lotviuv The lolal rnagnetic líe Id is the vector ¿umof ihc curutani magnetic fícld and ihc wire** rnagnciic fícld 

Su l>: For thc wíre, B — and thc dircelioo of b gíven by thc nght*hund rule thal is ilhnlratcd tn 
Figure 28,6 m ihe icxibook, A - <l ,50k 10 * T)í. 

E\£CHTE: <*>At|O,0. Irni. J- g -Ü¿#- (1,50* 10* Ttf- A) r —«1.0x10* Ttf, 

2^ I ,flO mi 

<b) At <] m. 0. 0). É - * •ñLk - (1.50x10- T)í * ¿ 

2.T/ 1 2xíl*00 tn) 

j-0 50*10* Tyi-íi^-IO'Ta-llí-IO'T^attf-Oftrfromílor, 

<e> Al (0, 0. -0,25 m\ É - «, * /S¿/ - (L50* 10* T>í * A(>J0 A> / - (7,9* 10 * T>\ 

2xr 2x(0*25ni) 

EyaUtaTE: Al poinl c rne lwo fícld* are in thc same duection and their magnilude* add. At poinl Ihey are in 
oporailc dffection* and iheir magnitudes subtraci Al poúvt h (he tv*o fickh are perpendKrutar. 

28.20, Ioímim and Sur Mrz The magniludc o\ B Agivcnby F4f2K9)and thc directioo ¡%gi\en bv^ ibe righi hand rule, 
(a) Evwiti;: VCTod from ahoye, ihc eurrenl i* ¡n ihc dircetion shoun in figure 2K 20. 



Direeily bclow thc wire thc dircciion of 
thc rnagnciic ñetd duc lo the eurrenl in 

LhC WifV » Ctl&l 



FfeurelJUO 



«-^-(tal^T.-»/— I-mi^t 
2*r V 5,50 m) 

I bf l*\ aLItaTE: A* frnm thc eurrenl i« nearlv euual in nuignitude lo thc caruY* fictd. m>, ye», thc eurrenl really \% a 



28,21, IdemifY: B - -í^-, Tbe direetion of A ii giren by thc ni^l-hand rule in Seet ion 20,7. 

Si: r l."p: Cali ibe wire?4 a and K indieaicd in Figure 2K 2 1 . Thc magnelic field» ofeacb v*irc al pc-inti Pi and P; 

areshown in Figure 2fi 21a, The líclch at poínt J are dtown in Figure 2X.2lb, 

Emiche: (a) At f¡, ^ - and thc two fieUh are inopptwTtc «arcetioits, no the ncl Má U/ero, 

ib) £ - -í^-, ff L - B and « L are in ihe same direelion vo 

2rr 2*r 



Í4r;-10 T-fltiAMUQA) 



I 0,300 ni 0 20(>m 
B ha% magruiudc 6 r oT i/T and i* útrected ton h ard thc top of thc page. 



^6A7*I0*T 



2*8 Ch*ptrr23 



(c|ln figure 28.21b* B. i* perpendicular to r and 8 t ú perpendicular to r . lanfl- * ^ and 0-14.04 



C - - J<0 200 rn| ! * (O 050 m> : - 0.206 ro and - . 

y iffr y _ 7. ■ . mi 

H ha* ntagnitudc 7,53 j/T and iidircctcd to thc IciV 

EVALUATE : Al potntx dirccirv tu (he leftof bolh wirei (he nci ficld U dirccicd (oward thc hotiomof thc paec 



7.54 /íT 



tu 




(4 

28.22. loivim: L"sc Eq.(2X.9) and ihe righl-hand rule lo determine poml* where ihc fickht of (he twomrc* cancel 
(a) Sil It: The onty place where thc maenclic ficldi of Ihe twowire* are ín uppturtc direcbom ú belween thc 
wire*, üi the plañe of thc ivírcv Comidera poini adblancc ^ from Ihe une carr^ing / ; = 75.0 A. B hi wilJ he /en» 

nhere 0 ■ 

EXCUIE: = 

:.íÉü4i>:*m-i-t :.t.v 

/*<0.400 ra - x) - Í¿s; /, = 25.0 A, í¡ = 75 A 

x=0J0Q id; ff M -0 alongalíneO.JOOinfromlhc 4 A'irccarr>tng75.Q A and 0. 100 m from (lw wirc carrying 
curren! 25.0 A. 

■i.í m , Ur Letihcmrcwiih /, — 25.0 A be 0.400 m abcA-c rhc wirc wiih r>75.0A The magnetic fichfc of 
the two wírei are inoppoMtc direction* Ín ihe plañe of ihe i*irc* and al po¡nt*abovc bolh «irc* or hckiwboth 
ñires. But lo have ff, - B m rural be ckiwr to wirc *l unce I < í .. w can have B t - 0 onry al poinu abo ve bolh 

wirc*. i . :■■ lie a point a diitance x from the ñire carryinu / L ■ 25.0 A B. t will be aro wberc /( ■ íf 

exkcute: *íi* íí£ 

2*i 2.r(G«0m + *) 

/fia ',(0.400 ro+<>; x - O.200 m 

if u ■ 0 alone a line 0.200 m from the wirc carrj ine curreni 25.0 A and 0.600 m from thc wirc carrying current 

/, » 75.0 A. 

EVALUATE: l'or partí (al and ib) ihe locationN of oto fiekl are in different rectora. In cach ca*c ihe poini* of 



oto lie kl are chhct io Ihe wirc Ihat ha* the nmillcr current. 
28.23. Idextift: Tnc net niaenelic ficldal ihcccntcrof the Minare w (he vcclonumof (he rkkfc due to cach wire. 



SETUP: Forwft 



imd Ihe direction of B » gi\en by the nuht luml míe thai i* jlluttratcd in 



l igure 2£.f> in the tcxtbook. 

EXECtTE: (a) and Ib) # - 0 *¡ncc the magnetíc 5cld« due lo cúrrenla al opooiile comen of the «quarc cancel 
(c| The llcldi due lo each wirc are tkcichcd in l'igure 2K,2J. 

B -i í t co*45 í tft 00*45°»^ co* 45* t flacos 45°>4ff.cos45 # >4|^-jcoH45 4 . 

r- JílOcrn^+ílOcray ^IO^crn-0 I0^m,io 

J . < <4r»I^T^A)(10i« M „. MK ,^ T>>fc| . fc 
ítíO.10^2 m) 



Soaree* ofMagnctic Ficld 28*4 



EVALL'ATE: ta fxtrt leK H all four currenti are reverted itt dffection. tho ncl ficld al thccenlcr of thc k|Ujjv would 
be lo thc nght. 




é 

Iijrure28.2.1 



28,24. Id¿\iih: Eq.(28.9) And Ib: r¡ghl»tund rule lo determino thc ficld di»? lo cacti wire. Sct ihc *um«f ihc Ibur 
Itcldi cqua) to ¿ero and uic thji ct|uation lo wIm* for ibc fickl and thc curren l of thc fourlb wire. 
Sir Le: Tbc ibree Lrwwn currcni* are ibown in figure 28.24. 



a, 0. a, « ¿, 



HUA I * ' U i . 

- — : r - 0.200 m ft>r mfa wuc 



Hf «rr 28,24 

EXEriiTE: Un O bcthepo«ili>vr-direeiicin T f a - 10,0 A. J : -8.0 A. r\ - 20.0 A. Thcn «-100» T, 
rJ a -0.80x10 * T. and Si - 2.00x10"* T- 
«,--1.00*10* T.0 ;í --0.80x10 * T. 8^ - *2.00xl0~* T 
«, + 8^ + 3^ + 8^ »0 

B (i + — m*i**t 

Tr> give & t ¡n ibe ® direction thc curren! ¡n wirc 4 ttuM be toward Ibc boltom of ibc p jgc 

EVALUATE: Thc ficld* of wirc* #2 and «i are in oppo*iic directioni and their nct ficld ii thc same ai duc lo a 
curren! 20.0 A - 8.0 A - 1 2,0 A in onc wirc. Thc íicld of irire n4 mu*l be in thc same direction a* ihai of wire tt 1 , 
and 10.0A + J.-I2.0A. 
28.25. lotMirv; Apply Eq42S.i l}. 

Skf 1."p: Two parallcl conductor* earrying current in Ihc unte dircelion aitraci eaehothcr. Paral Icl conductor* 
earrying current* in oopositc dircctHin* repd cach olhcr. 

tXZCVll: Mfj fiW i y t <»>*KMfl*»iaW itJ0 „ a . X| and.hcfore.wqmb.vc 
2xr 2r<0.4O0rnl 



ib) DouMing thc cúrrenla makc* thc forec increasc by a factor of four lo F - 2.40:* 10 N. 

E VALIATE: Doubling ihc current in a wire doubles ihc magncii: ficld of inat wíre. for fixcd rnagncitc fickl. 
doubling thc currcnl m a wirc doublci thc forcé inat Ihc magncltc ficW exert* on ihc wire. 
28.26. lotMUV; Apply 14*2X1 1 1 

SEF 1."p: Two paralld conductor* earrying current in Ihc *amc direclion aitraci cach other. Parallcl conductor* 
earrying currcni* in oppcnitc direelion* repel cach olhcr. 

EXECt IE: f» — = give* /,--—- (4.0 x 10 1 N/rn) - ■ ■ ' ^ 8. J3 A. 
<b) Thc two wires repel *o thc currcnl* are in oppoulc direcnoro* 

EVALi ATE: Thc forcé bcrwccn thc two wire* h prttrxuiHiml to thc product of ihc currcnl* in rhc wirct. 



2Mt C/hupirr 28 



28.2?. Idémim: The lamo c«tU wirc* are two para] Id currcnrcanvirtc w tres *o ihcy mufl exert a magnetic 



Skf Up: First find ihccurrcnt in thc con! Sincc n ii contrato! lo a light bulb* thc powcrcoi&umcdby (he bulb is¡ 
P * JK Thcn fínd thc forcé per unil letwth usina #71 - iílÜ . 

EXCfDE: For Ibe liubt bulb. 100 W - A 120 V)¿nmJ- 0.S3J A. Thc Torce per unil length n 

2z OMJ m 



Sincc Ihe currcni* are in oppotilc dircciiont* (he 
Eyai-1 atf.: Thñ forec i* loo «nuil lo nave an apprcciablc cffcel Ibr an ordinary cotti. 
lotvmv Apply i:q<2X. II ) Ibr Ihe forcé ftora caen wíre. 

Skf Up: Two paralld conductor! carrying current in Ihe umt dircelion aitraci cach other. Paral Id conducios 
carrying currcnl» ¡n oppcni te dirccixHu repd cach oiber* 

F u I 2 ( I I l u l l 

I*\i:c i ti.: On thc top wire — - — — — - — I ■ — — , unward. Od Ihe middlc wirc, iHc ma;'i:'::ii í-.u. ■'- i ¿o: el 

%o thc nei (bree (t wro On ihcboltom wire — - — — j - — +■ — | - — — , i 

I : t .i :„■ 



EVALUATE: The nei forec on ihe muidle wire i* /ero because al ihe locationof ihe middk wire Ihe net magnetic 
llcld uuc lo Ihe other two wirci ti zenx 
28,29. lofctfTIFY: Thc wire CD riie* unlil thc upward forcé /* duc lo ihe cúrrente balance» thc donnward forcé of 
gravrry. 

Sef Up: Thc Airee* on wirc CD are shown in l'itmrc 2&.2Q. 



Cúrrente in oppcaitc dircelion* *o thc forec is 
reput*i\c and F, « upward* a* i hown. 



I^M 28.29 

l.af 2&-I 1 }*ay* ^ - where L U thc Icnvtb of wirc CD and A ü Ihe distancc henveen ibc wirci. 

2*A 

ExiCUTE: mg-ÁLg 

Thui Z 7 , -*»fi - 0 aays and h - — 

2rA 

EVaLí'ATE: The larger / U or Ihe unallcr Á ix* Ihe larger A will be. 
28 JO. IdevüfY: Thc mavnchc ñeld al Ihcccnlcrof a circular loop t% &- »)*mnwtry each ¿cgmcm of thc loop 

that ha* length A/ contribule» equal) y to thc ficld. 10 Ihe ficW at Ihe center of a ¿cmícircle ñ^thal ofa lullloop. 
Si i Up: Sincc ibcitraighl scciKrttt produce no tic hl at Inc fieldalPü 

IAhi n: .■ — 1 1'. ■ ' ..■r.onof B t% given by ihe righl band rule: B ndireclcd nloihepage. 
EvaLí'ATE: Tora quarler-círcl: icciion ofuirc thc macnetic fcld at ii&ccnlcr itf cunaiurc i¡t B - tí±L. 



L Ji>i m Jt \ : Calcúlate ihe magnetíe 5eld vcclor proikjced by each ñire and add thc*c Hekli lo get thc loial fidd. 
Skf Up: Firct considcr ihe fieldat /*produccdby thc currenl /, in ihe iipper senucirek of i*ire. Sce Figure 2£.3la* 

^ Con*ider thc three partsttf thw wire 

" ; kmu ftiraight mtion. 



i \ n: MKRN 



'i p '| ci long, Mraighl teclion 

Flnt 2KJIa 



Apply IbcBiol-Savart law M - !±!áíL toeach 

4s r' 4x r 



Sou«tíoíMagn«Í<:F*ld 2K-1I 



EXCCLTE: mrtj Scc Figure 2K,31b* 

; * swrftf^o 

F¡íur*28Jlb 

The %amc ta in*c forall (he infinitesimal segmenta that iraké up thu piece oí' (he wire, k» /í - O íor Ihta piece 
parle Scc Figure 28,3 1c, 



^ JT^ <//xr-0. 

r - i . ■ i ■ j'.' ■ i Ib r -i : -. piecc 



mi h Scc Figure 28.3 Id 




i/ xf i* dircctcd into thc paper Ibr all infinitesimal 
segmenta that irakc up thi* semicircular piecc. *i> B 
tf directed into Ihc paper and & ■ j dff libe vector sum 

ot*lbc ta oblaincd hy adding their iragniludc* 
since Ibey are in the unv direction), 

(.7 x/ j / L.'.'-.irr.' Ihc anglc 0 hcrwccn ¿*7 and t ta 90° and r - if, ib: radium oí thc ¿emkinrfc. Tnu* [jT Kt/* 1 
4x r 1 4-r W*JT 

(Wc itted that jjí ¡icqual lo irR, Ihc fcngth of wirc in thc *cfii*círcle*> Wc tuve &hown that thc hw slraight 

* echón* rnakc zeto conlnbution lo fl t *o B t ~ f¡J t !Aft and U directed into thc poge* 

Por currcnl in ibc direction *hown in 
'j Figure 2S Jlc, a ¿inular aralvsta gives 

fl. - «y, . 4if t out of thc ruper 



Figure 28Jle 

0, and i. are in ofnxuitc direcltom. so thc irugn ilude oribe nct lleldat/*» /f - iíJi—iJ. 

EVALUATE: When /, 0. 

ZU2. iDf vnrs; Appty i . .". > . > 

Si r l e: At thc center of thc coil* x-O. d a thc rjJiut otihc coi! 0.0240 m 

. 2aB 2(0,024 mi (0.0580 T) , m 
EX£CLTE: <a) A -« t A///2tf.*0/= : — ■ 2,77 A 

' fi^V (4**10 T*m/A)(N0D) 

<h) Al ihc center, /* ■ // t NI ¡2a. Al a ditfancc x Irom ibc center* 

Since d-0 + 02Jm. a - 0*0 1 s i ir 

EVAUi'ATE: te xhown in Figure 2X,41 in thc tcxtbook. ibc ficld ha* it* largcM magnitudc al thc cerner of thc coil 
and dccrcrcc* with dtalancc ¿long thc axta froni thc cerner» 
I*.33. iDtvnn: Apply [-a>(2R,]6X 

Si r i>; At thc centerof thc coil, x = Q.a ú thc radius ufibe coil 0 + 020 m, 
EXECUIE: W B -AM.^(«O»0«H>A). dj „ ii>Jt 
' ' — 2o K0.020m) 



Ai 1 *' 0 

EVALUATE: Ai^hown in Figure 28,41 in thc tcxtbook, inc ñcldha^iu largc»l magnitudc al thc ccnlcrof thc coil 
and decrece* with dtalancc along thc axta froni thc ccnicr* 



2M2 <:h4pirr38 



E\i:ci it: .V 



28.34. Idemiky jjh! Sur l.>: The rraunciic fícld ala potnt un the axíi of .Ventilar loop* ¡x gíveo by 
A - — — i — r- Salve f<* A* and sel x - 0,0600 nv 

2BJ¿P 2(6J9* 10 * T)|{0 + 060Ü m)* *<0 + 0600 m) 1 ) 1 _ ^ 

pj? <4**10 1 T*nVAH2.S0 A)<0 + 0600 m) - 

EVAUWTE: Aiihcccmcroflbecodthefieldi* B t ¿^^■IJjcIÜ^T. The ficld 6,00 ci 

2a 

factor of I 2' ' time* imalkr. 

28.35. iDfcVnrV: Apply Ampcre** Inw. 
Si r Lip: = 4t * 1 0 7 T m/A 

ExECtlE: (*> jé di a^/ Al «3.S3vlO" 4 T'>« and /^-305 A 

<b> -3 83 1*10 * T-rra *wcc al cach poim *m thc curve the dinrciWo pf ^' i* i^crwd. 

EYamaie: The lincinicgral ^B di ariwndicIcAcdpalhbpnkporlioiullo &c nci curren! thal i* cnckncd by 
ihc palh> 

28.36. lorfcKTIfY: Apply Ampcrt's law. 

Sur t T P: Frorn the nirhi-hand rule, when going around ihc poth m a txnmicrckickivi&c dircctian currenU oul ofthe 
paite are pottitivc and currcnti into the paue are neeative. 

ExiXLTE: Patha: -0r* jí dt =0. 

: /^«-J.—M A^í¿ «<ff b -aH>0 Aj »-5.03xlO* T ul 



Padi c : / . ^ -/ É + J, - -4.0 A * 6.0 A - 2.0 A 



íaWlO A)- 2.51x10* T m 

Pathd: - -/. * /, * /, - 4.0 A -> JB JJ - v»<40 A>-5.0Jx 10* T m 

E VALI ATE: If wc intfcad wcni around cach paíh m (he clockwUe direelioru ihe «un of ihe linc inicgral wuuld be 
revenetL 

28.3?. lD£\nr\: Apply Ampere s lair. 

Siif Up: To calcúlale (he irugnetic ficld at a disiaucc/ from (he cerner afine cable* apply Amperc** law lo a 

circular paib of radium/'. By symmctrv* \B at - B\2zr) fot * uch a pa(h 



EXUCtTE: (m)Eor a <r<b, 1^*1^ jé dt *pj B2xr - pj ^ B - !hL 



(n) ror r >c\ (he cnclotcu current u /ero, to ihe rraunciic helo 

E vam ate: A uscful properiy of coaxial cable» lar many applicat¡on:t ¡* ihai (he currenl carried by (he cable 
doe&iTi produce a magncúc ficld outudc the cable. 
28.38. lotVTUV: Appty Amperes law ta calcúlate B 

W Se r Vr: foía<r<b the eod view \* thim-n m Fiuurc 2838a. 



Apply Ampere*» law (o a círcle of radium r, 
«Item n ■-" r "- rX Takccunenii / and/ L to 




be dirccied ¡nio ihe rxige. Take ibí» direction 
to be poiilivc* w iio around (he ¿ntcyration 
paiH in itie cIoc^véüc dircctíon 



* í£nr v 2S.3Sa 

EXhtllE: jtt dl ^ -a/-.* 

Thui *(2jrrl- aV. andff-^. 

2rr 
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[b) Ski lip: r Scc Fieurc 2».3Sh 




Apply Ampcrc** taw to a cuele of 
radiu* r, whcrc J" * C Both 
CIBICUl% are m ihe patiiivc 



rít;urc2SJ»b 

EXECUTE: |ff dT " A'-.i 

Thu* fp^-^'.+/J^*-^^ 

Zrr 

EvajjatE: Ford <r< h thc ficld i* duc only lo Ib: currcnt üi Ihc central conductor Forr> c both cúrrenla 
contribuí? to ihc local ficld. 

28.39. lotvtiFV: ThcUrgcit vuhicof Ibc ficld oceureat thc*urfaccoftlicc>lúidcT- litoide Ihc cy tinder* thc field 
increuses lincuHy from ato al ibe ccnict* and out*tdc thc field dccreaic* invcr&Hy with duiancc from Ihc central 
ax\% of thc cylúidcr 

Si:f Vv: At Ihc uirfacc of thc cylinder, A ■ -ÜÍ- ¡mklc thc cylindcr l:q. 2S + 2I givex A ■ and outiidc 

ihclícldi* a — 

« J r I f ji,/ ^ 

lAh i ií: lor potrn*. incide ihc eytindcí. thc field \% holfiu máximum valúe i*hcn ■ I — I. v^hinh 

^ 7 2xR* 2\2xR} 

gn-c* r - Jfc'2. Oubidc thc cvlinder* we have - lÍJt— L i*hich pvci /■ - 2Jf. 

Irr 2\ la*J? J 

EVALiATE: Thc ftcld ha* hulf it* máximum valúe at all potntx on cy lindera coaxial with thc wirc hut of radiut 
R 2andofradtui 2R 

28.40. iDDfnrK 8 ■ n^i -íiíi 
vih- ¿- 0,150 ra 

<0.150 m> 

EVAUUYE: Thc field ncar thc center of thc solcnoid ¡* imlcpcndcnt ofihc radium of thc soknouL a* kin$ a* ihc 
radiui u much iban thc Icngth- 

28.41. (a) ImMiKV andSfci Cp: Thc magnetic ficld ncar thc cciuct of a longwlciwid i* giwoby Eq(2S 23K -/^^ 

EXEClin: Tumspcrunil lenglh — - 002;0T _ ]790 , 

1 * /^J (4,t*I0 T ■ m A M 1 2.0 A) 

<b) *a£.«(l79f iurn*<mX0.400 716 lurm 

Each turo of radiut R ha* a Icncth 2jtR of wirc, Tbe lotal lengih ofwinr required ñ 
A(2?tf»-i'lo»2?nl 40>h> 1 mi-M.Dnt 

1a \i i ATi; A Ijt^c Icnulh of wirc i* required. Duc to &k Icngth of wirc thc xo&cnoid wjll have apprcciaMc 
rcsi&iancc. 

28.42. lot vim andSi:r l>: At ihcccntcrofalongsoknoid B^p^ú mf^—L 

. ií¿ tai50TML40m} 
EJOCUTE: /- ^ ^ -41.8 A 



ftfK <4t*10 T*mAK4000i 

E\ Ai-t ATF.: Thc magncih: ftckl mNidc thc wlcnoid is independen! of ihc radm* of thc soknoid 4 ¡f thc nidiu* n 
much lc*x ihan thc irn^tlt, ai t> thc case hete. 



2S-I4 C/Jwpirr&f 



!KJX lotvilM xnd SfcF U*c ihc arowpriatc c*prc«icui Ibr Ihc imcnctic Ikkl prndiKcd bv cach ciiiicnt 



Iffr ^ 4**10 Tm/A 

2* A'm, |IM>K4t*10- T-míA) 

W J-*^J../-Í1 P7.2 1X0320^ m237a 

¿ K \ llr- III T m'AMMOOO) 

E\ Ai uit: MiKh k** cutrcnt u nccdcd for ihc lolcnoid* bccautc of ¡ti largc numbcr of tums per umi lettgth 

28.44. Idemih: E.xampk 2& 10 shows thal outiidc a loroidal Miktioid títere is nomagnclic ilcldartd iiwü3e it ihc 

mainel ic ficld i% given tiy fi " 

2sr 

mi I i'. The ion» cxicod* frooi r. - 15.0 cm lo r t ■ iK.Ocm. 
ExEtliTE: 0.12 m. whích ¡i outtklc the ton*, so Jí - (* 

tiS7 uf2S0K&50 A) 
(b>/-0.lom.*o B^^i—^* - = 2.66x10'* T. 

Zw 2*<0.160nii 

<c> /• - 0.20 m. whicfi « ouUidc the ton». *o - 0 

EVALUATE: The magnelic fichl in«idc (he loru* \% proporticnial lo I ■ r , vo jt 
sccikm of thc totus< 

28.45. lotviwY: fcampk > 10 shows thal inside a toroidal solcnoid* ü - fr ^' 
SETllR r- 0.070 m 

EXECtTE: S-^-^^^^-LllxlD-T. 
2*r 2*10,070 m> 

EVALUATE: If the radial thtcLncsxof thc totu* i* símil compircd tait* nv¿ 

llluliHlll ni^jiie its w ' ijláj i n tr^i 

28.46. lotsnn : U*e Eq.(28.24). wiih ^ «placed by - Jt ^, , with K m ■ HO. 

Si.r t'P: Ihc coninbution fram atonúc currenu i* ihc dilVcTcrKC hciwccn calculalcd wlib yr and ¿í calculalcd 

Bu»»: (,) *) 
2*r 2*r 2.7(0,060 ra, 

(b) Thc amount duc to atttrnic cúnente ú B* - j^tt ■ 22(0.0267 T) ■ 0.0263 T. 

EyaLUATE: Thc prctence of Ihe cote greairy enhance* Ihc magnetic ficld produced by Ihc ¿olcootd. 

28.47. IDEVTIFY and SEF Vtz = <Uq.28.24,w1lh a, repl*ccdbv AT^) 

Zar 

EXCCiiTE: <»> A'^-1400 

f ^ 2*rJ (2.90x10' roX0350T) _ rtrt ,„ A 

MA^AT "(2x10 1 T mi AKI-JOOMSOO)' 
<b) K a -5200 

2*ffi (2.90x10 ■* mXO.3501 



^^0.0195 A 



^.A.jV {2x10 T*nVAX520QX5QQl 

EVALUATE: Jí thc sc4cnoid wcrc air-filkd inMtad. a much targer currcnl ivould be requred to produce thc 
magnelic ficld 

18.48. iDMim Apply B - K *^ n \ 

Si.r UP: K t \% thc rclatiw pcimcabitity ind ■ A. - In thc magnci>c «uiccptibility. 

2.xrff 2x(0.2500 mH1.940T> , M1 

ExíXITE: U> A', ^— =2021 

¿VV/ m»(SO0H2.4O0 A) 

fl»)r.-^->*2020. 

EVALUATE: Wilhout ihc magnetic malcría! thc magnetic ficld ¡míd: thc windingt wtiuld be /f 2(01 - 9.6x 10 4 T 
Thc ptcicnccof thc magnci»c maicri4l urcatlv enharcet thc ma^nchc ficld irwidc ibc ^itidm^k 
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I8.J9. Ijumih: Themaiínclje rleld ft um the *okno»d alone is B, - ¡¿.ni The total mugncbc ftck! rs B-K ít B,- A/is 
Sur l p: 'i ■ 6000 uitnvm 

EXECUYE: (S)(í) fl - üfl/-^MM»m l )(0.!5Aí-l.i.U|0 T. 

A* M- 
<ui) £ = JCpft ■ f «MU 1-13 x 10 1 T)= 5.8R T 

(b) Thc dtrection* of ff » A. and M are %hown in Figure 2K.49. Sibcon *tcel n paramagnciic and B, and M are in 
thc ¿ame ü\rcction» 

Ev.vi t Alt: Thc total magnciK fickl ti much larger Iban thc Hcld duc lo Ihc solcnoid currctii alone. 

& © © <a 




® © © ® 

Fí*u re 28.49 

28,50. Ji>iMin: Curie i law <£q>2K ,32) *a>* Ihai l/i! i* proportionat lo í* t «o L> 4 b propaMHxnl to 7. 
Si:f Up: The yraph of 1. x venan thc Kelvin lempctatute ti given in Figure 28.50. 



ExiXlie: The mal cnal doe« obc\' Curie ^ law hecause thc ctuph m Figure 28.50 i* a itraighi linc. M -C— and 



1/ ■ ÍL_L a > , that |^ ■ i-i* . 1/ * — and thc ¿Jope ofl ^ venw* 7 ix I i í > i * Thereforc. f rom ihc 



-" = 1.55-10* K A/T rn< 



sranh ihc Curie con^uni a C « 

E VALIATE: For ihi* material Cuñc'% law i* valxl over a wiofc lempetuture tange 



I20> 





































































ÜXO 400 WIO 1>Ü 1(*> ?A> 240 2mí 

F¡íü re 28,50 

¡8.51. Ioentwy; Moving charge* créate magnetic Hcldi- Ihc nel fícld u Ihc vector turn of thc lwo llcldi. A charge 
moving in an cxlctnal magnetic ñeld fecbt a forec. 

<*)Sf r Ip: Thc magnelic ficW duc loa nwnng chante h B- ^' qA *' n ^ . Üolh ficld* are init» Üie paper* *o 

4x r 



4t\ r 



lltcir n ka un ii ude^ +i¿tii. j — i*t m—" 
EXEfDE: SubMnuting rnunbcf». give* 

B jU"(S.OOyiC«9.00ylO < m.i|i«i 90* ( <5.00yiC«6»y I0 - (ni)^^ 

~4*L (0 300 m) ; (0400 rn)* 

- 1 .00 y 1 0"* T = 1 .00/iT, into thc paper 
(b) si j CP: Ihc maenctie Ibrcc on a nioving ebarge U F and Ihc maenctic ticld of cbarge q al thc 

location of ehargci? ñ tnto thc page. The Ibrcc on^ n 



uhere ó is ihe anglc bci^ccn V* and r 
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EXEtLTE: Subtfituting numncr* givc* 

„ ^ (8.00xlO*C)(5.00xlO*C)(9^ 
"*í (0.500 m}* 1 0.500 Jj 

F -(7«xlO^Nj7 

EVALUATE: Thesc are «noli fickl* and «rnall fortes* but if thc cbarge ha¿ «maJI man. thc fbrvc can allcct ¡te 
mntíofi 

28.52. Ideviift: Thc vire créale* amagnetic ñeld near ¡L and Ihc moving electrón (celia forcé due lo thu ftcld 

Skf Up: Thc macnctic ficld duc lo thc wirc b - and ihc Ibtvc un a muvintf charle i* / ,T - *jvtiun& 

EXCCLTE: T - ^ttfantf -fr*p 4 /«4lV2ff/*. Sub*iitüting mimber* gívw 
fo<L60x!0 "CH6.00xlO* m*H4*xl0 ' T ■ m An2 Ml A)Uin90 s ) j2ff(0.O450 oí)] 
1.07* 10 '*N 

Irom Ihc righl hand rule Ibr Ihc ero** product, thc direction oí r> É te oppo*ilc to Ihc current* bul si tice Ihc 
eleeiron n ncgalivc ihc forcé b in thc *amc direction a* ibc ciirrcnt. 

EVALUATE: Thi* torce i* srrall ai anevervday IcvcLbut ¡I would give thc electrón an acccleraticoof aboul 10" nV%\ 

28.53. lof.\im: Find thc Ibtvc ihai thc magnelic ítcld of Ihc wirc exerteon thc dcciron. 

Stí UP: Ihc forcé on a moving charge has magnitud? F ■ \fa r B sói^and direction gi ven hy ihc ríghl-band rule. 

For a kmg *traight witc. A - — — jthI thc direclion of É ¡* viven bv thc right^iand rule. 

F \q\\8xmé rr/ t»J 

EXIICUTE: (i) íí -■— J Üi- 

m flf m 2xr 

(L6xl0 ^CMISOkIO* m*M4r-l0 7 TmAM25.0A) . , inM 
ij — i — i . i x ¡u* m * . 

(9. 1 1 x |0 kg ii nü.0200 mi 

away Irom ibc v/itc. 

<b) Thc clcclré forcé musí balance ihc magnctic Ibrce. r£ ■ evif , and 

„ _ ir/ (250.000m'iH4x x 10 ' T*nVAM25 0 A) „ . 

A - \fi - y: -623N.C. Tne mauixtic loa-e ■ dinvicd away Itom 

lar 2.TÍO.020Om) 

thc ñ ire so the Ibtvc frorn thc clcclric fícld mu*i be lowjrd thc wirc- Since ihc charge of thc electrón i* negairvc. 

thc eleeirx fleld rnusl be díreclcd away from Ihc » ite lo produce a farec tn thc deiintd dircclkxt 

E valíate: (c> mí-(9JlxlO J 'ltgK9JmV'>ailO > 'N. F¿ ~tE -(1.6*10 ** N.€) * 10 ° N. 

F A * ltf ; F * to v*c can neglecl graviry. 

28.54. IniMin: Use Eq.(28.9> and Ihc righi band rule lo calcúlale thc magnelic fie kl due tocacb wirc. Add the^e fteid 
vcclora to cakubte Ihc nct ftekl and then u»r EqJ2T.2> tocakulilc thc forcé. 

Skf Up: Leí the wircconncvicdlothc 25.0 vi nniMccbe 2 airi Ihe wírv rantccicd tome 10.0 M rcsúnorbe^l. 
Dolb /, and í . are directed t*m ard thc right in the figure, so al the ktcalion of Ihc proteo B> i* ® and B¡ = O* 

if -íl¿- jnil/í. -íiL. «-Hit/- -0.412*0 m / -iliX>.0V'HIO0Ui- 10 0 A and A-<I00.0 V)>X25.0 fl)¿ 4.00 A 
Zar 2xr 

ExtfiTE: S -8.00x10 'T. J -3.20-10 "* T and J - if - If -4.80x 10 1 T and in the direction O- 



Torce ts la ihc nghi 

V 

Usure 28.54 

fsfvffsil'MttxIO'" CK650X10 1 ra*K4 K0x 10 * T) = 5.00x10" N 

EVALUATE: The forcé ís ncrpendKulax to hoth r and A The magnelic forcé u much larger Ihan the gravily 
forec on thc protón. 

28.55. Idlviify: Find thc ncl nugnetic ficld due lo ibe Iwo foopi at the k>caiion uf the protón and ihcn find ihe Ibice 
the«e IlcWi exett on ihe protón. 

SCTUPr Fot a circular loop 4 Ihc tlcld on the a.\¡«* a diitancex Irom ihc cettier of the loop U U - ^ \ ' , ■ , , 
- 0.2O0 m and x - 0 .1 25 ra . 
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EXEtt IE: The field* add t *o ¿J - £ + ft - 2ff = 2 



|(O20Otnr*(OJ2imr] J ' 

F -|?|»9*i&^- (].6 - . i ► . i ii :n*K5.75x 10* T>rin9Q* ¿2.21 x LO '* N. perpendicular to the liae tff>*nd 
lo (he velocny 

Ev alíate: Thc wcijthiof a protón i* h - ras; = 1.6x1 0 - * 4 N. so the forcé frorn thc loop* ¡i much grcalcr than 

thc graviiv forcé en thc proion. 
23.56. lot \im ; The net rnayociic fíeld A the vector sum of thc ficlik duc lo each winr 
//./ 

Skf Up: . Thc diivciiun of if is unen bv ihc ri^hi hand rule. 

ExiXtTE: (a) Thc currenu ore thc tameto point» where the two ficid» are cqual m magnitudc are ct|uidittant 
ftom thc two wircv Ihc nct fickl u zcro along thc da*hcd linc sJnrtvn in Figure 2H.S6a 

(b) For Ihc magnitudes of thc two fictds lo be the ¿ame al a pomt. thc poini tmi*t be 3 time» electer lo thc wire 
the .tmalkr curre ti t + Thc nct ficld ii *cro along ihc drahed linc shown in Figure 2E.56b> 
{?} Asín la), the potnt* are cduidilt&nl from bolh wires. Thc ncl licld is ¿croalong thc daihcd linc shown in 
Figure 23.36c. 

EYALt'ATE: The ünes of /ero oct fteld con-ti&i of point* al whkh thc (Wlib of thc lwo wire* have opposiic 
dircction* and cqual maumiudc*. 
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MI A 


kmaJ 


\«kfe- -ICO 
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r» 


loEvnry: 








sn UP: 


r-/ and r -0.250 



7^? 



Fí*ur*2ft\5ó 



20 O A 




/ | 

/ 

f 

f 





w 



Exíciil: = 



r ft J-v,,¿)=(6.00y10 * T)/ = 0*ü4-v* -6.O0xlO*Tnnd 



Thc sign of v. ™*t ckiermined. 



(b| Now > - i and j- - 0.25O m 



4x j 



m.A-9 20-JO'T 



EVALt'ATE: Thc rnagnclic fickl in nah (b) docsn*t dependon Ihc nap o\ i 
28.53. lOEMin and Skf l^n ff- B,<x a)i 



Apoty Ciauu*» law Ibr maunciic llcldi tu 
i cube wíth %idc Icngih L. one córner at 
the origin* and «de* paral Icl to thc .v, v 
ind r axe* t a» ihom in Figure 2K.5X. 



Huurc 2«^R 
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flux are thc frani iide irunillcl to 



ExXCLTE: Sincc B ^ paral kl to thc Yaxi* (he only **dc* (hit have 
thc ri plañe al * - 1) and thc taaek *idc (paral kl to thc ír plane aU - 0 > 

x - L ..i.:, face a B Si - / ui*/ i 
= ftf aV,r)J di ^ «(UOI? = 

back On thc back face * - 0 to - 0 and 0. Thc total flux through (he cubicjJ Cíjihiuii urace b * # - ^(l'/j). 
E VALiA TE: I h , viólales Eq.(27.8V wbich says Ihal fl>, - O for cto*cd Airfftce. Thc claimcd É i% 
impotable because ii h&i becn *hown lo viólate tiau»* laiv fbr magncliim. 

lotviiFV: t"*tf Eq.(2K.9) and thc rkhi hand rule lo calcúlate ihc magnitude and dircelionof thc magncitc flek! at 
Ppraduccd by cach wirc. Add thc*c Iwo fie Id vccIdm to ñnd Ibc nct ftcW. 

(ji)Str Vr: Thc dircclioru of thc freída at point Pduc to Ibe rwo wires are aketched ¡n Figure 28.59a. 



(tira 



'i i 



EXEClTE: £and£ muit be equal and 
oppo*irc for thc re«uitant ficW at P to he xcro 
^ is lo thc right mi iiout of thc page. 



1 2*/; 2*rU<50inJ 



2sr. 2arL1k50in 



- n ; huí 
/ OJO n 



L l 50 



[6.00 A) -2.00 A 



Ib) Ski l e: Ibe ihrcction* ol thc fickb at poim O are ¿kciched in Ficuxc 2X.59* 



Ivmit. 



ÍSOn 



2*r¡ 

ff=l2-10-T mA)( 6 



2.40* 10* T 



2ra 



(2*e 10 r T m'A)l 



LOfJ A 



'O 
FtjE«rc 2S.$9b 

B í and 5 are in oppcuitc dirccitom and ff, > & «o 

ü-fl;- 0. -2.40x10** T-2.67*10 1 T = 2.l3xl0*T. mdB Uloihcnght, 
[c)SKT UP: Ibe direction* of ihe ficltb at poínl Sm ¡fcclchcd in Figure 2&.59Ch 

ExtClTK: A-i^ÍL 



-2.67x10 T 



lítlrn 




-(2x10 



600 A | = 
0.60 m 



ZOPA ^ 



o and o are nght anglc* to cach other, u> ihc macniludeof thcir rciuliant « givcn by 
B~ JBÍ + Bi ■ J^2.00xl0 * T) J *<5.00xl0 " Ty -2.06x10* T 
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EVALt'ATE: The magnelic tlckl Una for a fong. *tra¡ght mrc are conccnlric áreles i*iib Ihe i*irc al thc «nter 
The magnelic ficld at cach pi>int is langcni to thc llcld Une* wín perpendicular lo thc linc rrom Ihc w úc lo Ihc 
point ttbere ihc llcld n cukulatcd. 
28.60. lotvnFY: Find thc vector mmof thc magnelic ficlik due lo cach wíre. 

Sur l."p: For a long ^irjiuht w iré 0 ■ . The drrection of 8 i* given by thc nght hand rule and i% perpendicular 

to Ihc linc from thc wirc to thc point where ihcn ftcld i* calculaicd. 
Exiin ie: (m)Thc nugnetic ftcld vectora are *hown in Figure 2K.60u. 

ib) Al a pcuition on thc v*axi* B - 2— —unO - f*'^ & - ^ in Ihc povílivc x-direciion. 

1*r It7777j777 ti*****} 

(c) Thc trraph of H yctkux .y*j i*grvcn in Figure 28.60b. 

EVALUATE: (di Thc magnelic fickl n a máximum at thc origina ** 0 



[r] v. i. * 





-u» -JOO -IJ» 



(M 



00 



;.<w 1.1» 



28.61. Idevtifv: Apply r - ÍÍSsinfi. with ihc nugnetic ficld al pomi Pthai i&calculalcdinprobkm2ft.6<X 



Up; Toe nct field of thc fu*i i»o uire* al thc locationof itv ihiid wk n - 



— * in thc * i <tucdion 



Exectte: (a) Wirc i* carrvinu currcnl ¡nto ihc page, io it fcelx a forcé in Ihc -v-dirccimn 



u.fa 



-,/b^í\ 7". | a — * ^i.nxio^m. 

IxiX-^á 1 }! *|«L600rar rí0400mr) 



Wl <6\00Ar<0 JüOm) 



(b) If ihc wwc carne* currenl ttut orine page then Ihc forcé fell will be üi Ihc oppc«itc dircclwoai m parí (a), Thu* 
thc forcé i*ill be IJlxlO'* N/m* ia ihc +>m!íkcJm 

E\ ALÍATE: We couldaUo calcúlate ihc forre cxcTtcd by cach of thc lirat iu« wirc* and únS thc vector *umof 
thc two forec*. 

¡8.62. lot-ViiH : Thc wirc* repel cach other víikc thcy carry cúrrenla in oprxutle dircclioni* %o ihc wires will mo\t 
away rrom cach other until Ihe magtxiic forcé b jum balanccd by ihc forcé duc to thc %prin)t 

Si:f Up: Ihc íiircc ofihc mine n kx am! thc magnelic toree on cach i*ire i* f™ - — . 

2*T x 

Fxkc i te.: Cali x thc di&iancc thc tpringt eacbitretch. Oneach 'ñire. f\ M ~ f-^- and there are Iwoxpring forec» 



on cach *ire* Thcrcforc 2kx ■ ' » hich give» a* ■ 

2jT a* 



EVAlAATE: Sincc tf t >2x n mtall. v will likcly be much le» Iban thc length of thc wírcL 
28.63. lDf*vnr\: Apply ^F-i tttonc oribe wíret Thc forcé one i*irc exerto on thc olher dependa itn/io^F -€ 
aives tuo cauatiorct for thc two unknoum Tmát 



Si:f Up: Tbe íoree diagram for onc ol thc uire* v givcn m Figure 2fíol 




Thc forcé one wire exertt on ihc other b F=l — 



Zmt 



wiiere r - 2(0.040 mt*mO -S.Í62 ' 10 1 nt Urbe 
diviancc betwocB ihc luí» wire*. 



libare 28.63 



2*-2$ Ch*ptrr23 



EmXi ie: ^F t -O ¡y ve* Tco&O-mg ood T ■ Mg/cos 
¿1 - Q fjrves F - ." ■.inC 'co*6*)i*n#-«jf lantf 

And di _ t&F -ALg tanéf 



- 2V2 A 



|iO.OI25 ky niH'i SO nv*r»m 6IW : hS-*ó2*I0 * mi 
~\ 2*ID "T mA 

EVALUATE: Sincc the curren!* are in oppcuitc dirccitons thc wirc* rcpcl Whcn / u incrcased* thc anglc frorn 
thc vertical incrcasc*: a large curren! i\ required cven foi ihc imall dísplaccmcnt specined m thu problcm, 
18,64, lotvnn : Cwiwfcr thc forcea en caeh <idc oflbc loop, 

Si:f Up: Tbc forcé* on Ibc left And ríghl *klc* cancel The torces on thc lop and toiuun scgnttnte of ihc loop Are 
in oppositc direction** %o thc magnit tictes subtraci 



F=Z21 U 7.97* 10 *N> Thc forcé on ihc ion *ccmcnt n aivav 

2s \ 0.100 m aD2om / 



Iroro thc «lie. «o thc nct forcé ¡* awa) Irom Ibe i*ire, 

EvajvaT£: Thc r>el forcé on a current kiop in a unifbrm magnetic Hcld is yenx but thc magnelic fiekl of thc mre 
i h not uní ítif m + it ii slrungcr c loscr lo thc wtn. 
28,65. iD&vnrv: Find thc magnetic freíd of thc fnsi loop al thc locaüon of thc sccond loop and apply * ' flj *<t>d 

C --p*B tofind í/andí. . 

Si.r l."p: Sincc x U much larger ihan u , atMimc 8 i* uniform over thc sccond loop and cojual lo ib valúe on thc 
axtx of the fifrt loop. 



EvaUtaYE: (c)llaving r »dallott* us lo simptify Ihe form of ihc magnetic held «hercas auunung x»a 
means wc can a**umc ihat thc magnci»: tield frrnn thc lint loop ¡* comiani over thc secood loop, 

U.6é. IDEVTUY: Apply JÍ-^-i^ií. 

Sir l'p; Tbc 1**0 siraight *cgmcni* produce /ero ficld al /*. Irte fieldat thc center ufa circular loop of radium R is 

B -í^—* %o Ihc ficid at ihc center of curvalurc of a semicircular loop t% B 

2B K 4/í 

ÜXKttTE: Thc semicircular bop of rodliu a produces ñcld ttut oí thc page al /* and ihc semicircular loopof 
ndiut h produces fie Id intothe page. Therefore. í - B t - fl; » 1| — |í — - — )■ out of page. 

EVALtATE: Ü -j // (t 

28,67. lotvnn : Find thc vccioriumof thc Heldi duc to coco loop. 

Si.r l.p: Forasingk* loop H - ^ !' ■)■- '• ^ CTC Wt: ' uv * : two loops, cachof *V tums, and mcasuring thc 5eld 
along thc x-a\is from betwccn ihcm mcans that the "a*** in Ihc formula ii diífcrcnt for coch 

LcAcoil: 



2 ~ 1 2«r-ci;2r+^) 



lbghtcoil:x^x^=>a tC _ ^ 



Sounra oí Magnetic Ftcld 2H-2I 



So* thc «tul ftcld at j poitil a dittancc z from thc point bctwccn (Krm t% 



2 líiTT^iTTTF «»- 0 /2r -.*•)"' 



Ih) B venus i L* gnphcd in Figure 2K.6? Figure 2867a n Ihc tolal fickl and Figure 2767b W thc ftcld riom ihc 
righi-rand eod. 



(c) Al point y. r - 0 and £ ~ 



W a \S) (IMMn> 

M ri ^ p.Nl a ' ( -3(W2> . -3(.- fl /2) ^ 

W * 2~ UW2>' - «V-'' V-a/2) 1 ♦ «V J' 

rffl _ ^to' r -3< 0 /2) -3<- OJ 2) 1 

" 3 «>.»/2)'(5/2) 
; — . ~ rr — t~ ~ t r: — rrr * 



_ -3 6(»- 0 /2)-(5,'2| 

d?~ 2 1(1*. oÜ)-'*^)''* 7(*T^72?T7F r ((*-<!,' 21'. o')" ((r-afli'.o'l 1 ' 



/(.Wa' f -3 6( 0 ,-2l'(5/2) 



EVALUATE: Sincc bolh íitüI and second derivativo are ;rcn\ ihc fickl can only be changing v«y *kmly 




occ airo 03» o.w ow mu o.*» ajno airo 

W W 
Pifare HU 7 

28.63. lot.viiM: A currcití-carrvinií wirc produces a ir&gnet ic ftchLbut thc %ircngih of thc ficld dependa un thc shape 
of thc wire. 

Su O: Tbc iraunctic ficld al thccenlerof a circular wirc of náiuta tí & - ftj'la. and thc falda drdance t 
lroinin«ccntcT4>fa^Uaigbtw¡rcoflcngth2^b ff - — — 

EXECLTE: U) Sincc Ihc thameter D - 2a, wc bave U - falla - ímJíD* 

ib) In thW caw. ihc Icncih ofihc wirc iscqual lo thc diamclcrof Ibc cirvk, *o 2t/--r/X civinc tr - xfX2. and 

ftf 2< T rO.J) 

(0/2)^0-/4**'/)' '4 Djl** 1 

EVALUATE: Thc ftcld in pan (a) i* greater hy a factor of Jl + P . Jt b rcaionablc Ihal thc llcld duc lo thc 
circular wirc is ctcaicr than ihc fichl duc to thc tlníght wírc became more of thc curren* ii elcae lo poinl A for thc 
circular wm: (Km ii « Ibr ihc Mraighi w-tc. 



r-& 2 Timbre ¡i 



a.6f, iDtvnn: Appiy ji-£d££L. 

Sur Ijp: Tbc conlrlbution fram ihc ilnichi <tccmciui jkto since Jf - f - O. Tbc nu^nctic ftcld from thc cun h cd 
wirc [musí < me üiurtcr of a rull loop. 



T Í2JíJ HJÍ 



ind it dirccied <hii of thc pase. 



28-22 (hapirriíl 



E Valí ATE: It U vcty ¿imple lo calcúlale al point /* but H w*mld be mueh mure diifrult lo calcúlate B at other 



EXECUTE: -±! 2¡¡L |-Ü¡Í- aid u curcclcd oui of Ihc 



28.70. iDECTltY: Apply rfj-^ * r . 

Si:f Up: Tbe horiraniai witc yicld% /cn> irugnctic f*cld *incc - r - 0. The vertical curren* provide* ihc 
magnelic ficld of half of an infinite wirc, (The conlribulion* from a)l infinitesimal p¡ccc*of thc wirc poinl ni ihc 
i ame ibrcctiort. «o ibcre t% no vector addition or comporten!* lo worry at™i > 

EVaUtaTE: )n ihc cuuaiion prcccdinu. l:q t2HK)thc linút* on ib: ¡ntegration are 0 lo a rather than -a lo a and 
thb introduce* ■ factor of | inti> ib: exprcwwn for B. 

28.71. (a) ImiMiKv: i oiuidcr current dcrailyJ íí* a «najl conccnlrk ring and intégrale to find thc toul currcni in 
tcrmi of a and A. 

m i le: Wccan'tiay i *JA-JxR\ uiiceJvjuie%icTo»lbccrosi%cction. 

To intégrate ♦/ over the crou seclkto of 
Ibe wirc divide thc w úe crosu ¿eclion up 
¡mo Ihín conccnuSc ring* of radiu* r and 
widlh df\ as *hown in Figure 2£,7t. 

Ffcxurt 28,71 

EXECLTE: Thc arca of luch a ring i*dA m and thc curren! through it K di - J dAi áA ■ 2zrdr and 
éi = JdA - m&xrér) - litar'dr 

I - í dt 2mf Vdr - 2.«ri JT iJImú-^ -^í- 




2arJr 

(b) iDCVTin and Si:f Vn U) rúR 

Apply Ampcrc** law to a cítele of radira r< R> Uve ihe method of part la) lo find thccurrenl cncloicd by the 
Ampcrc** law path. 

EXECUTE: jÉ <Jt *|&n* - &j*ff- B(2rry by the lymmclry and dircelion of 8* Thccurrcm pa»ine through 
thc paih is / -ÍJÍ* whcie thc inlcsrration i* from 0 lo r, / t - [ r\ir - ~ XÍ * f ~^-í ^ ■ V* - — — Thus 

<ii> iDEVtm and Su Un r*R 

Apply Amperes law lo a circle of radtui v > R. 

EXECUTE: ÍB -di - ítidt ■ ffírff - B(2xr) 

I - r m/ 
i /; all ibe cutrent in thc ^ iré pn*e* ihrtwh ih»* paih + Thu% | B >oV ■ tt^i gi* , c* /í(2^í*) - ií./ and if 

« / 

EVAUTATE: Note ihat ür- JE thc expresión in <i) (for r S ) grve» B ■ ^-1^ Ai / - # «V exprcuion in i it) 

{for rzR >gtvei B --¡^~, whieh i* ihe iamc + 

18.72. loivnfi: Appty Ampere*i law toacirele of radium r ¡n each caic. 

Si:r L!p: Amnefhat tht: cúnente aie uní ftvnt over the ctots seehotu of Ihe conducid. 



EXECUFT.: (m) /-<tf^y^-/^j»/^J. §B di ~BlMr~f^S^~ ^J^J and B-^^.Whea 
r — ít. , wluch « iusI what wat ft>und in natt (a)of nxetv»e 2K.37 



1 — .. Whcn . r - b. tí - — + just ai in pari(a}of Excrcisc JS + í i and wncn J* — ¿\ fi - 0. jmi at m 



«o 

Eyaj.iaTe: L'ntikc B U nol j*mo wilhin ihc et*>dix:i<~* varíes acrosi thc cros* scclion of cach conductor. 

28.73. EDMirift Apply J¿ *¿1 = G. 

Si:f Up: Takc Ihccloscd gaussian juriácelo be at^tinder v4>w avUcoíikhIc& vvilhlhcvvirc. 
ExiItLTE: If there is a magnciic liclil componen* in thc ¿'direction. il must he consiant because of Ihc svmmctry 
of thc wirc, Thcrcfore thc contribuían to a vintacc integral over a elosed cylindcr* cncompassing a long sinucht 
wirc will be vero: no flux through thc barre I of thc cylmdcr, and caual bul oppositc flux through thc ends. Thc 
radial fictd will have no conlnhuiion Ihrough thc cotí*, bul through thc barrcl; 

CU^JÍ dA^jS \ ^Á~\^ * dA~ J ( ^^-O.Thcrcfcrc, J -0. 

J- \ vn ATt: Thc ruagncitc flckl of a Umg straighi wirc ¡s evcrywhcrc tangem lo a circular arca whosc plañe is 
perpendicular to thc wirc. with thc wirc passing through ihe center of thc circular arca. Thi* llcld produces jero 
(lu.\ Ihrough Ihc cylindrical causuan suríacc* 

28.74. lot mim; Apply Amncre's law toa circular path of radñisj'. 

Sur Up: Assumc thccurTcnt ¡s uniform over thc trow vection of Ihc conductor. 
ExxCtTE: (*> r<aT3 -0=»r/*0* 



(c> r > 6 ^ * /♦ • j> j J/ - iilxr * pj and B mSL 



2xr 

E VALÍATE: The expresión in pan <b) pves fl-Oal r-a and this agrees with Ihc result ofparl (ai Thc 

expresión in part {bl gives 8 - Oí— at r -bmd thu agrecs with thc result of part (c^ 

¡8.75. IMvnrv: Lsc Amperes lawiofmd thc magnclk ñckl at r"2a from Ihc axis* Thc analvsis of Example 2H.9 
shows Ibai thc ftcld outsidc thc cvlmdcr ¡s ibcsarnc as tbr a tone, siraicht wirc along ihc axis of thc cvlindcr. 
Stí UP: 

ExeCLTTE: Apply Amperes law lo a circular 
path of radius 2¿j, as shown in Figure 28.75. 




RU"re2H.75 



A ^ ^ : thb u thc maxnciic ficW ínside ihe metal at a dUiarvcof 2a from thc cvlúidcr axis t Ouisidc thc 

cyltnder, 8 - ^ . Thc valúe of e wfocrc inese two ñcldi are cqual is givenby ) V - 3 'il6«t and r ■ 16o 3. 
2^r 

luinii: ForrOn, as/-tncrcasc% ihcmagnctic ficld increasci Irom /ero at r - 0 to 'I'2t(J*iH alr-3o. 
For r > 3a Ihc flcM decrcases as r incrcases so ii i* rcasonablc for there lo be a r > la where thc 5eld is Ihc wme as 

28.76. lotx mv: Thc nct ftcld i* ihc vector sum of thc fícldi duc lo thc circular loop and lo ine long itraighi wirc. 
Sí f UP: For thc long wirc. B ■ ^-¡- . and for inc loop. B ■ . 



Exixue: Ai thc cerner of ihc circular loop ihc current /, generales a magneuc fickl thai is mío inc page. so Ihc 
currcni /, musí point lo thc nght* Tor ctmipleic canccllation thc two ficlds mu«t have ihc «ame magnitude: 

IxD IR R 
Evaj.i Alt: If ; is lo Ihc Ictt Ihc lwo ficldi 



2*24 < h jpirr £8 



¡«.77. lofcVntV: Lm Ihc currcni dcn*üyJto íindttf through a conccntríc ring and intégrate over ihe appropriate crow 
seclkx) lo finó the curren) through thal crovt *cct¡on TI ten me Ampete** law (o frnd ü at thc specifted ditfancc 
fram Ihe eenter «f thc wíre. 



[ajStrllr 




Divide thc cío» «eclion ol'ihe cylindcr inio 
thin coticen trie rings of radiu*s~and tvidth 
fr. ¿s ¿hoxvn in Figure 2B + 77a, Tbe currer* 
chriHieh caen nng i* di - JáA - Jlxrdr. 



Ffcjnir* 2&77a 

ExiXLTE: rf/ =>-^y^l-(r/tf)'j2^r rfr-í^l-)r/ff) J Jr dr. The total curren! i ¡* obiained by integraling di 
over the ero*» *ect ion / ■ j*dt *£í^.Jj*(l -r*/** Jr J^»^^-Jf^r* -i/*y**T»/„ a% m% lo be ihown 



11») Ski Up: AppK Ampcrc'a law lo a path 



j órele of rsdniw > a t a» 



n licure 28.77b 




dt~Bi2xr) 
^^(Ibcpa* 

Figure 28.77b 

KXíttlE: j» dt m Mj M «y* B{2xr)*pJ t and 
le) SKI UP: 



the cniirc cylindcr) 




Divide the ero** «ection of ibccyhndcr uno coneenirx 
rings of radiu* r 1 and width irV, a» mi» done in parí (a). 
Scc Figure 2R77c + Tbe current di through cueh nng 

Hgurc 2JL77c 

EXCCtlE: Thc curren! / i* obtained by intccraimg dt (rom / - 0 lo r 1 - r. 

[d)SK1 U*: Appíy Amperes law lo a path (hit a a eirele of radar* / - -a t a» *bo*n in Figure 2&77d 

jB dt-B{2xr) 




Figure 2h\77d 

ir 

Evaj.caik: Rc*ult xnpart (b> cvaluaied al r-tr:0- 



Ir o" 



:.tl, 



Rc*ult in part |d}c\alualcd 



r^xiB- ***^' tf T (2-a'/g J >»^^i. The l*o umMl one for f > a and the oiher íotr -- magree al r— *, 
2t a Ira 

28.78. loivuri: Apply Amperc'i law to aeircle of radius r* 

ÜKF UP: The current wilhin a radium r i« í ~ J*/ - t¿4 * whete the intecration b overa di*k of radniw* 



Sm^ctofMagfiMI'ichJ ZH-ZS 



/, - 2i<6Q0 A/m) (0.025 m)(l »*L5 A. 
[D)For ria. |í <« - JÍ2sr » /í,J — » /i,/ tí and S-^íi, 

and o - . 



(d| For fB di - BU)2xr * - aAt-B-¿ * ■ 



2xu(¿**-l) 2^(0.050 mi 

Alr-2*-ÜJ0Om. *«* L5A) .1.63x10-7, 

2*r 2r|l>1IWm) 

EVALUATE: Al potntx ouLtidc ihc cyhader. (he magnelic íícld u ihc *amc ai ihat duc ta a long wírt running 
along thc axis of (he cvlinckr. 

28.79. Idímih : Evalúale thc integral as ¿pecifted in (he problcm. 

where we u*cd thc *ub*liiui»oti ¿-(an0 togo liom ibe firal lo second tino, 

EVaji ate: Thc* i* junI what Arnpcre** Law lells u> lo expect if we imagine ibc loop ram akmg Ihc x-axú 
clo&íng on ríself at intinii y : J 8 - di ■ ¿i,/. 

18.80. lDE\nFY: Follow thc proccihire «accificd in thc problenv 

Su l. p; Thc tlckl and integraron path are ¿kclchcd in Figuro 28,80, 

ExiICtlE: j\É dí-0 <no cúrrente in thc región), L'*ing thc figure* Id B~BJ for y < Oand ff- 0 íbr r>0, 
Then J B di - B^L- B_ 4 L-$, B^-O + m B^L -O. Bul we tuve anurnctl iha( B m , * 0, Thte U a contradiction 
and viólate* Ampcrc'i l.aw. 

EVALUATE: U is often convcnicni toafiproxinutc 8 ai conlíned toa particular región oí *nacc* bul ihi* repulí 
tcll* u* that Ihc boundary of *uch a regton ¡*n"l iharp, 

' í . 



Figure 28,80 

¡8,81. Ioíviim: U*c *hai wc Ifnow aboul ihc magnetíe Hcldof a long, itraighi conductor lo deduce thc xyrnrnclry of 
(he magnelic (Ield. Thcn applv Ampcrc** law lo calcúlale (he magnelic iicldat a di&iancc a ahove and bclow ihc 



2*26 ChaptrríS 



Si:F Ur: Dd pum (ai and (b) togdfier 




C.onudcr thc indiv idual currcnix in ¡mhv 
A'htrc tbc cúrrente in cach pair are cquidtaiani 

en ertherside of thc noint where B tabeing 
¿alculatcd. Figure 2XK la *hows thal (br cach 
pair ihc r- componente cancel, and that above 
(he ¡thcci ihc ficld ta in the .i^direclion and 
Jiíti he Ion- thc *hcct ¡t u in thc *T*dircciion. 



Abo. by lymmctry thc magnitudc of B a di&iancc j above ihe *heet muM cqual thc nugnitudc ol B a disiancc a 
bclow thc shccl. Now that wc havcdcduccd thc *ymntcii> of H t Jpply Ampcrc 1 * la». Uic a path ihat ta a rectangk 
in Figure 2B.8 l h. 



Figftrr 2Mlb 

/ ta directed out of thc paue, 10 for X to be po&ilivc thc intccral around thc path ta lakcn m thc countcrcloctauc 



EXECtiYE: Sincc B ta paralkl m thc sheet. on thc *idci oribe rcctanglc thai have lengih la, fB di - 0, On Ihc 

long *¡dci of length fl ta paral leí (o ibc »dc* in ihc direction wc are ¡megrating ¿round thc paik and ha* ihc 
«ame magnitudes B, oncach *idc. Tnui J¡ff dt m 2BL. n conduelen per unit Icngih and eurrent /out of thc nage in 
cach conductor give* / m m tol Ampcrc*i ." then grvci 2BL - f\JnL and B - in 

EVaLí'ATE: Note ibat ¿? ta indcpcndcni of thc dbtancc a from thc «hecl Compare thta rc%ult to thc clcctric líeld 
duc toan infinite *hccl of eharge (üxamplc 22.7). 



I i*i ai \v\ : Find thc vccior wmof thc fvld* duc tocachihcct. 

Ski Tp: Prubfcm 28*81 show* that futan infinite ilwi -±ttjn . tf / ta oui of tbc 



t A i* n> the Icft above 



ihc tbect and lo Ihc right bdow ihc iheet. If /ta into ihe pape, fi ta lo thc right above the *heei and lo ibe Icft 
bclow thc *hcci. B ta ¡ndependent of ibe dulancc from thc &hcct- The dircciions of ihc lwo (íeltta al pointi R and 
Sare Anwn in Figure 2R.82. 

EX£CtTE: (*) Above the t»o &hceiN + thc fíelita cancel («incc there ta no deficndcncc upon ihc dtatance from ibe 
ihecul 

|1H In bciwccn ibc *heet* ihe lwo Acld» add up to yicld B ■ ^nf , to the right. 

(c) llelow thc lwo %hecU. thctr fieUta agaín cancel (lince there ta no dependence ufion ihc diitancc from the ihceu!, 
EVAUiATE: The two iheet» with eurrenta in oppo*hc directioni produce a unitbrm fieW bei^een ihc jJicci^ and 
«ro fickl outiide thc two ihectv Tbi* i* analogouN lo ibe eleclric fieid produced by large parallel shecu of charge 
of oppcujic »Ígn. 



x :>: s: :<: x x 
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¡8.83. lDf.vnn andSKF l i j ; U*e Ecj.(2S.2S) lo calcúlale the total magnetic momcnl of a volunte J'of thcuon. U*c ihe 
denxity and atontic mau of (ron to fmd thc number of alonn m thta \olumc and unc ihai to find ihc macnetic dipotc 



Sourect oí Magnetic Ftcld ZK-27 



EXIXUTC: \t Thc average rnagneiic momeitt rx* atoen» /J Jt , * p^í K * MV í S\ 

wltcrv A' ii the numherof atom* in volunte V, Thc mavt »f volunte ri.% m-/il\ wherc y* « lite den*ny. 
(/T éB4 « 7.8 - 1 0 1 kgiW l. Thc iHimbcr of moles of ¡ron in volunte I ' i* 

na M . ■ — . ivherc 55.K47x10 * kc mol bthe ralomíc ma» 

S5.K47*I0 1 kg/raol 55*847*10 * kg'mol 

of iron bm appemiix D. JV = nA\ wberc \ . - 6.02- * 10'' alomij'mol ¡* AvogadroS nuntber. Tbu* 

ir.**. ^ 

55.847*10' kgjniol 
• W il/r' 55J47kI ° * ^S*™ 1 ! W<55M7*10 1 kgvmol) 



«V.SOvlO - AmH55 847*10 1 kgmoi) 

"(7.8x10* kgm'X&OttxlQ" alomi.nioU 

7.73x10'* A m 1 * 7.73*10 * IT 

» 9.274*10-" A m', *ap„ ^0.OR34/# t . 

EVALi'ATE: Thc magnelic moment per atom t% much iban onc Hohr magnclon. Thc magnetic moment* of 
eacb electrón ¡n ibc ¡ron muM he in diflerent direciions and mo*ily cancel cach oihcr. 
7S.8-I. lof.viiM: The forcé on thc cube of iron muit cqual thc weighiof thc iion cube. The wcight a proponionaJ lo ihc 
dcnsity and thc magnelic forec u proporiional to /j. which i* ¡n lum proporimnal to K . 

StfUv: : ^mmesil inm. alumínum and sitverart p u - 7JC^ 10" kgrn\ p^ ~ 2.7* I0 l kg m" and 

p M -\Ü5x\0' kgm'.The rcUlivc pcrnwabilibci of iron^alinronuinandiilYCTarc AT k -IW0. A'^ ■ 1.00022 and 

-1.00- 2.6*10^. 

Cxi c t it: (a) The microscopic magnel»? moment* of an úiúially unmagneit/cd fcrromagnciic material 
cxpcréncc lotqucs from a magnet ihai align* ibc magnetic domain* with (he exlemal 5c Id. *o Ihcy are atiracicd lo 
thc magnet Fot a naramagnetic material, ibc *amc attraciion oceur* becaute thc magneitc moment* align 
thenihclvc* parallcl lo ibc extemal ñcld. Foe adiamagnciic material* the magnetic moment* aben aniiparallcl lo Ibc 
exictnal neld %o ¡t i* likc tv*o magnet» rcnclling cach odicr. 
ih) The magnel can jua pick up ibc ¡ron cube *o thc forcé ¡I exerts i% 

í,^ 8 ^ « 7 >'l ( > kg<Tn l K0.020m> l |9SmV > >-0612\ tfincnuo;netlríciiohñthcakiminuni 
euhe of ibc same dimensión* ux the ¡ron block. ihcn thc upw*aid forcé fell by ihe cube t* 

-£^<0.6i: Sí- IJXMW "|0ftl2N)^4^7 y|0 ' N Thc wcighi of thc alumínum cube « 

A 1 400 

- «uí - ^ I - ' ' l't ky/m H(Mi:**n:)>'>n: -0.212 N. Thcreforc^ ihc rano of (he magnetic forcé 

4 h J7*10~*N 

on the alumínum cube to Ib: wcight of the cube i* q ^ p \ - 2 J * 10 and Ibc magnet cannot lid ¡L 

(c) I f ibc magnet nSei to Mfi a xüvct cube of thc .same diment*on* u& ibc ¡ron block. then ibc downward forcé fcll 

hy Ihccuhei* F M ^^1(0.612 N>- * 1 ' 00 " 2 ^ K ID ^(0,612 N) = 4J7 * N. But ihc uvight ofihc hIvct culv 

A 1 40ÍI 

i» H\ a -w^í -P^g -(10-5*10 kg>'m^K0.O20m) 1 (9.K miV)-O.S23 N. Soiberaimof ibc magnetic forceen 
the iQ ver cabe to thc wíghl of the cube ■ 4 J J *^° N N ■ ^ * I0~*and the magnel^ cffecl would nof be 
notíccablc. 

EvaliaTE: SiKvr \% diamagnetic and » rcpelled by thc magnet. Alummum i* paramagnelic and U attracicd hy 
the magnel. But for both thc«c material^ thc Ibrcc i* mucb \m thal ibc forec on a «¡milar cube of ferromagnetíc 
iron. 

lof.viiM : Thc currcni-carrying wircx rcpcl cach oiher magnética) ly, cau&ing thcm lo accclcraie hori/onially. 
Sincc gravity n vcrlicaL it ptays no ínítial míe. 

Si: r UP: Tbc magnetic Ibrcc per unil length i* — - ^ , and Ihc accclcnilion obey% ibc cquation F/L - m L a. 

L 2jt d 



Tltc rrn* cumrnt overa *hort diwbarcc time is I.sjl* 



28-28 <:h4pirr38 



EXCCLTE: (*)Fim get the forcé per unit kngth 

L~ 2x d ~ 2xd{~j2) W(flC 

No** apply Nei*lon"i vccotuJ Uw i&ing ihe reiuh above: — - —a - Áa - ' JlL I . Sohwg for a give* 

L L 4xd \ RC ) 

uÓ* ií& 
.. -j— T7 — j- Frcm (he kincmatícx cqmlion v, = >» Cj> tg/,wc toe v, a <ts=aRC - ^ i 

ih) Con*ervaüoo of cnervy givesimvr - »i?» and A ■ — — ■ — I 1 . 

2g 2g 2g\ÁxARCé) 

EVaLí'ATE: Once ihe wire* taave ii*ung aparu we would have ta comictagraviry in apptving Nc*íon*Mccond law. 
I8.8A. loivim ; Appro*nmtc ihe inv bell ai an infinite curren* *heel. 

SETUF: ProbkmíKSI shows ihat B -iuJfí focan infmite current *hcet.Ul¿bcihcw¡iUhorihcd»cct t H> «=J^ 



AÍJ Ar 

ExiXtix: Thcamount ofeharge on a lengih At of ihe bclt n Ap- ÍAra*. *o / — - i. — tr-L\xr. 

Sí Sí 

Approxinuung ibe bell »*n infinite dicd^^^^^l. ¿i* directed oulof Ihe page. a* «btrnn m figure 28 86 
EVAUíATt: Thcficldi*unjlbrmahovcthc vhect. íot p^mt* ol<uc cnough li> thc shc^ foí it lo he coWi^d infinite 




lípi re 28,86 

28.87. lo* \ iu v lite rotan ti g duk produce* conccnlric ring* of currcfii. Calcúlale (he field due lo cach ring and 
intégrale ote? the ¿urfacc of Ihe dük lo find (he toul field 

Skf L'P; At Ihe center of a circular ring carrying current /, B ■ ■ 



H Mí i ti; The charge on a nng of nuim* r is ¿/ - a A - <t 2xt*dr « ■ Iflhe duk roíate* at n tumi per 
sccond. then Ine curren* froiu that ring ndi ^ — ^ndq^ 2 ^ ff f rfr . Thcrcfore. JB^ — ^ A> ^P 1 ^ s Wtft* 

We intégrate oul from ine center lo Ihe coge of the disk and fínd B ^ f * ¿B ^ f 'tü^L ¿ 

E\ Aii ATK: The niagncikr ficW u propon lonal to the toul cbarge on the diik and ta ii& rotation rale. 
28.88. IdeCTIFY: Thcre are mx> pan* lo Ihe magnetic ñcld: that frorn the half loop and thal from Ihe Mraight wtre 
tegment tunning froen -awn>> 

Si r I'p: Appív Eq.428.14k Leí the ó be Ihe anule thal lócate* di around ihe ring. 



¡(7777 



.' .' i." x u/ijisin 

S(W|- r— • u»ing £q. Tne loiat fíetd componcnbi are: 

fifi? . m Vj* í % x 1 } hM 



H mi vil B -~ltB í 8 étmtm fwier iban a» « increaw. For very mdl - -^í. and B t -J5¿ 
In thb hmít B t t% ine field al ine ccnlerof curvalure of a semícircle and B M a the field of a long itraigbl wirc. 




Electromacnetic Induction 



!9J. lotvnfv: Ahcnng ihe oncniation of a coil rclaiivc toa magnchc fíe Id c han ge* thc magncuc flux throu&h thc 
coit. Thix cbmcc (hcn inducen an emí m tHc cxhL 

Mr Lip; Thc flux thnMighacoilof.Vturnx iiO> - A'&J eos ¿ and bv pjrjdAy^ bw ibc nwniludc of Ibc itkdtxcd 



29.1 loivnrv: 



<t> .- ÍMcosci. <I>. »*. ihe flux thtougb cach tumof (he coil 



EXECtTE: (i) A0> - NBA - <50H1*20 TK0.2SG m)(OJ0O m) - 4.50 \Vb 
(b) £ * rfOi/r - (4.50 WbViO.222 t) - 20.3 V 

EvaLíatE: Thñ induced potcntial n ccrtainly large cnougb lo be eaxüy dclcctablc. 
Ar 

EXEttTE: <a> O, -/Mco*0 J -<6.0vl0 'TK^xIO* rn'ML) = 7.2*IO * Wh. Tbe tola! tita througb ibe coil i 
#♦^-1200117.2*10* Wb)^ 1.44x10* Wb. 0 i( ^S J co*90* = 0. 



JV* - YO. 



¡fililí* -«KiD-v-a»»v. 



0.010 « 

EVADIATE: Thc axvragc induced cmf depend* on how rapidly thc flux changex. 
29.X Id£\iih and Sur Vn tlw Faraday'» law lo calcúlale ihc average induced cmf and apply OhnV* law Id Ib: coil 
to calcúlale thc average induced currctii and charle thal flows. 

(■)E\fcCi'ti;: Ib: nxigmiudcofihcavcrogccinf induced ¡mhccoil ti [ I y d 



ntally, 



& A - 8Aco&$ - Thc final flux u xenx jo j:' | A* ^ J ^ * ^ ~ ^ c average induced curren! i* 

j Í1J -lili Thc tolal charge Ibal lUms througb ibc coil ii O - y Al ■ í íüíá\ ■ 

E VALIATE: Thc charge Ihal llowi i* proportional lo (he magnetic ficld bul doci not depend on ibc ume Ar 
(b) Thc magnelic tfnpc comuti of a poticmof magncuc flchaV Thc patiem of chargci ihat llow in (he readeu coil 
(cll ihc card reader ihc magnetic ueld pattem and henee (he digital informal ion coded onio (he card. 
ic} According lo thc remlt in part (a) thc charge ihal llowx dependí onty on (he cbange in ihe magnetic flux and ¡t 
doe* nol depend on thc ta te al w Utth thu flux changex. 

19.4. iDEvntv and Si:f Vn AppK thc rcMiI: derived in Exercí^e 29J: Q ■ \HA fR. In thc preNcni cxcrci^c Ihe flux 

changes from iu máximum \alueof <t> k ■ BA lo rcro. so ihiiequatíon applict A U (he total re*i alance so hete 
R « 60.0 O * 45.0 n - 105.0 tt 

ií flU 12013.20*10 'nO 

EvalíaTE: A flekl of ihU magnitudc iieanity ptoduced 

29.5. Id£CT1FY: Apply ramday'i law. 

Skf UP: Let : be thc ponlivc dírcclion for ^. Thcrcfore^ Ihe ínílial flux is potilivc and (he final flux u /eto. 

ExMXITe: (»and|b) ^ ^ TWQ.I-0 mi v Sin ce £ ti poxitive and /I i%lcnvaid un. 

Al 2.0x10 s 

(he induced current ix countciclockwitc. 

EVALtATE: Thc shoncf Ihe rcmoval time, (he briter thc average induced cmf. 



29-1 



1%2 i h jpirr W 



2*Jl iDfcMirv; Apply líq{294). / -¿?£. 
Ser Ir / 1 .. ■ k i }f A. 

rf; <r7 <r7 
f -iV^(íO.(H2T/»)-HI^k10 í T/*V|-ft0302 V*(3.02*IO J V/*V- 

ib) Al í = 5.O0x. £ -0.0302 V + (3.02*IO H VVKS.flO = 0.0680 V. J =£= M6W V = 1.13x10 ' A. 

600 ÍJ 

EVALUATE: The rote of changeof thc flux i* ¡ncrcaxmg ta time, w (he tnduced current b nol conxlani but ralher 
íncrca*cx m time. 

29.7, lofivnrv: Calcúlate ihc flux thnxjch (He loop and apply Faruday** t jvp 

Sef l."p; Toilml thc total flux ¡nicgratc J<1> ¥ over thc widibof the loop. Thc raagnctic ftcldof a kmgxiraight 

winíi at dixtance / from thc wíre* ¡* H - Thcdircction of S b giren bv ihv right»hand rule. 

Ixr 

EXECUTE: (i)Whctl ff-ÜL.mUHl 

2vr 



Ib) 



r m ui 

J*7" 



1* r Ir 



W f.ül^i2Íl„ ( 0.J6ftO.12Dí(9.6O ^11 = 5.06.10 ' V. 

EYaj.i:atE: The induced cmf i* propottiuna) to ihc ratc al which the curren! ¡n ihe long itraighi wire U 
29.8. lof.vnFV: Appty Faraday's fow 

Su l>: Uilb.- upward in Figure 29.2S in thc lexlbook. 



EXECliTE: (i> \£ td \~ 



■ 



B (WN*¡nWVI.4 TM0.O57 i > 



ff^l^jrtO.TSm^íttiiWKLi UMn^V^vllB V)*** - *^* 

«í"Ti^*i(WaV> ¿(0.12 V) = (0.12 V)e'"* T ''\ ln(M0) = -|0XlS7*'V and r-404fc 

<c) 0 ix in thc direcnon of ¿ io <J> fc ¡x poxilivc. if U gclting iveaker, m thc magnitud: of thc flux ¡x decrcaang 

and d&^dt < O. Faradav** law therefore *ay* £ >0 t Since £ > 0. thc induced curren* musí flow 

«YuiAim Jot l muí ai ■ : - wed Irom above* 

EVALUA1HS Thc flux changei bccau*c ihc magniiudc ofinc magnetíe fícld ¡x ehanging. 
29.9, lofcvnn andSEr l>: U*c Faraday's law lo calcúlate ibc cmf (magro lude and dirccitooV Thc duectionof thc 
induced current ix thc unte ax ihc dircclton of the cmf. Thc flux chance* hecauxe ibc arca of the loop u changmg; 
reíale dAdt Xodtidt* tthere ¿ ix thc cucumlerence of thc loop. 
(i]B 

W- 

Al f = 9.0 *. c - 1 .650 m - (9.0 «NO. 1 20 nY*> - 0570 m 
Y\ -<0.500 TK 1*2^X0.570 mKO.I20m*)^5¿4 mV 
4b) SKI Up: Thc loop and magnetic llcld are «kclchcd in ftgua: 29.9. 

Takc into thc page to be thc 
poxitiYC carection Ibr A Thcn 
flux i\ poxilh h e. 



B i 










1 


di 




di 
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EXEtl IE: The poxilive flux i* decrcaxing in mavnitudc, d<t>¿ i/.* ¡x nc^auve ¡«id ¿" i* poxjtivc* By ib: ríghl- 
haitd rule, foc /< inlo Ihc page* poxhive ix clockwiic. 

J a m.htk: Evcn though thc círcumícrcncc w chaniring al a constani rale, rf.í ¡x nol conxtanl and |f | b nol 

con*iani Flux 2' ix decrcaxirtg «o ihc Ikixof Ihc induced currcnl « K and thix mcanx iKit / i* clockwíxc which checkx 
29. 10. Idemih: A change in magneli: llux through a coil induces an cnif in thc coil. 

Si:f Up: Tbe flux through a coil i* rt> - *VIM eos £and ihc induced cmf i* í - ¿frfetfi, 
ExjICLIE: (i)and(c)TbcirxigiKt¡c flux ¡x c^unLw ihe induced cmf ix «n> 

<b) Thc arca inxioc ibc ficld rt cbanging. If wc Id .y be thc IcngihUlong thc 300-cm xiik) in thc licld* then 
A - (0.400 mu <t>* - Atf - (0.400 mfr 

£ - rfh tfr - ¿4(0,400 mVrJi* - ¿HO 40O mfcrWr - 010.400 m> 

£ - 1 1 25 Til 1X4 Cü mH0 + 0200 m/x) - 0.0100 V 

EVALUATE: U ix nol a large /?ut ihal inducex an cmf. bul ralher a Urge ratc of ckarrgc of thc flux. Thc induced 
cmf inpaM <bi ix xmaJI cnouch lo be icnonrd ¡n nun> ¡n*lancc?i. 
29.1 ]. lotvnFv: A change in magnci*: flux through a coil induce* an cmf in thc coil. 

Si:f l e: Thc flux through a coil ¡*o>- S'BA coi ¿and Ihc induced ernf ix £ - «rWdr. 

ExXfllE: <a>f-d*Wi- d[A(&> * ArlI Jf -M*fctfí - Mr 

(bKlockwixc 

(c) Same amwcrx cxccpi (he currcnl i* counicrckfckwixc. 

Evaje ate: Evcn Ihough thc coil rcmain* wiihm ihe maunctic licld* thc flux through ii incrca»cx becauxe thc 
4ircnclh o! thc fie Id n incrcaung. 

29.12. Idem «Y: Use Ihe rexulti of Examplc 29.5. 

Skf LP: £" - MMft>. »lf ' |440 rcx minlí Xt ndKv ) . 46. 1 rad x. 

¿r l óOxrntn 

ExECliTE: f» d - A'iMa» -<I50)Í0060 Tir(0O25 m>'(46.l rad»>-0.K14 V 
í h j - i- £^ - i- (0.R 1 5 V) - 0 5 1 9 V 

KvAi.tATE: lo f M = AUMftr. ^muxl be in rauVi. 

29.13. lotvnn : Apply ihc ccxutix of Exaniplc 29.5. 

A*Aí (120X0.0750 TMO-016 mV 

EVALUATE: Wc may aUncxprcxi & ai 99.3 rcx'min or 1.66 revi . 

29.14. lD£\TtFV: A change in mainel»: flux thruugh a coil induce* an cmf in the coil. 
St:r Up: Tbe flux through a coil Íi4>- ;Vfl.4cos ^ and Ihc induced cmf ix S-d&'dt. 
ExutLiE: The flux ixconxlani incacb caie 4 io thc induced cmf ix reto in allcaxcx. 

Eyam Alt: Kvcn ihough the coil ix muvine withm the maunciK field and hax flux thtough n. thíx llux ix nol 
chartging*. *o no cmf ix induced in thc coil. 

29.15. iDf.vnry and Skf Vti Ibc ficld of Ibc induced currem it directed tooppow Ihc change in flux. 
ExKCLTE: (i)Tbc ficld n into thc page and k incrcaung so thc flux « tncreaxing. The ficld of Ihe induced 
currcnl ix oul of Ihc page. To produce fie Id out of the paire the induced currcnl ¡x counicrclockwixc. 

(b) Thc ficld ix inlo Ihe page and i* dccrcaxtng *o Ihc flux i*dccreaiing, Tbe ficld of ibc induced currem n into thc 
paue To produce (kld inlo ibc page thc induced current n clockwixc. 

(c) Thc licld ix cemtanl io Ibc flux n conxtanc and Ihere ix no induced cmf and no induced currcnl . 
EVALUATBi Thc dircclbn of the induced currene úcpenúxon thc dircciKm of the cxlcmal magnetic ficld and 
whether thc flux duc lo ibix ficld ix incrcaimg or decrcaxing. 

29.16. iDFüvnrs': By Lciu'x laxv k thc induced currcnl flow* tottppoxc the flux change ibat cauxed iL 

Skf I p and ExtXirTE: The maunetic fícld ix oulward through Ihc round coil and ixdccreafing* «o Ibc maenctic 
lleld duc lo ihe induced currcnl muxt alxo potnl oulward lo opno*c thb «kercuxe. Tnerclore the induced currcnl ix 
counlcrclockwivc. 

Ki Al t ATt; CarefuJ^ Lcn/* i.i» cUfCt not uy thai iEv induced currene flowx lo oppoic the magneiic flux. Initead 
il tayx Ihal thc current llowi lo oppo* tf *he cHangt in flux. 
29.1?. loiviiM and Skf Vtz AppK' Len/*i law. in thc Ibrm Ihal slatci thal thc flux of Ihc induced currem tendt lo 
oppoxc ine change in flux, 

EXECLTE: (*) SVjih ihc iwilch cloxcd Ibc magnetic licld of coil A i* lo Ihc righlat thc localbo ofeoil B. When 
thc w*1lcb i* opened ihc magnetic 5cld ofeoil A goe« auay. Henee by Lcn^x law thc licld of thc current induced 
in coil B u to thc righl* to oppoxc Ibc decreaw in ibc flux in thix dircciHtn. To produce magnetic licld Ihal » to thc 
rit?hi the currcnl in ine circuil ^vith coil B muxi llott' ihrouch ihc rexixior in Ihe direciion j u? ív 
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(b) Wtth thc swilchcloxcd thc magnctic fcldof coil A is tothe nght at Ihc localion of coil B. This íickl b stronger 
at poinlx closcr to coil A xo whcn coil B ix bruughi cloxcr thc flux Ihrough coil H incrcaiex. By Lciufc law thc licld 
of Ihc mduccd cunen! in coil B ti to thc IctfL looppcnc Ihc mércate in flux lo ihc ríghl. To produce magnctic ftcld 
ihot ix to thc kft thc curren! ¡n ihc circuil with coil 11 muxt íkn\ ihrough ihc rcxixlor ¡n ihc dircction b lo a. 

(c) With thc *i*ilch cloxed thc magnctic ftcld of coil A b to thc right at Ihc localion of coil U. Ihc curren* in thc 
circuil thal ¡ncludcx coil A mercases uhen R ix efccrej*cd and thc rnagncl»; field of coil A ¡ncrcaxci whcn Ihc 
currcnl ihrough thc coil incrcaxci- By Lcn/*s law thc ftcld of thc induced currcnl in coil B b to Ihc IciX lo oppcae 
thc incrcaxc in flux to thc right. To produce niagnel»: ficld thal ¡x lo thc leu Ihc current in thc circuit wiih coil D 
muxt flow through Ihc rcxiitor in thc dircction b lo ¿i. 

E Vaji Alt: In pan* ib) and fe) Ihc change in thc circuit cauxet thc flux Ihrough circuit B to mercase and in pan 
fa)it cauicx Ihc flux todecreaxe. Thcrcforc* ihc dircction of ihc induced cimcm b thc xamc in partí (b) and 10 and 
oppoxilc in part (a). 

29.18. Id*MUV Apply Lcnz's law . 

Sr.T UP: Thc tlckl of Ihc induced currcnl ixdirected tooppoic thechange in flux in thc ptirnary circiñL 
EXJXtiE: (i) Thc magnctic ftcld m. 4 i* loihc le íi ana ¡x incrcaxinc, Thc flux ix increaxing %o Ihc ficid duc lo thc 
induced current in 8 i* to thc right- To produce macnctic licld lo ihc righi, ihc induced currcnl llam through R 
from right lo Le it. 

<b) Thc magnelic licld rn A u lo thc righi and i* dccrcaiing. Thc flux ix ckercaxing xo thc 5c Id duc lo Ihc induced 
currcnl in B ix lo Ihc ríghl. To produce magnelic ficld to ihc ríghl thc induced current flowx ihrough A* from riirhi to 
lea 

<c> Thc magnelic ficld ¡n^Ju to thc righiand b increaxing. Thc flux t% increaxing xo thc ftcld duc lo Ihc induced 
currcnl mB ix tothe lch\ To produce magnelic ftcld tothe left ihc induced currcnl Ikms ihrouch R from left tohghi- 
EvalíaTE: Thc direclion of thc induced current dependa on thc dircci»onof thc cxicrnal mairnctic ficld and 
uhether thc flux duc lo ih¡& flcld ix incrcaxing or ctccrcaxing. 

29. 19. [ut.viiH and Sur Vtz Lcti/'x law rc\|uircx that Ihc flux of thc induced currcnl oppoxcx thc c han ge in flux. 
CxiXtTE: (a) <t* t t% O and incrcaxing m thc flux O bJ of Ihc induced currcnl ix @ and Ihc induced currcnl i* 
clockwtse* 

ih) Thc currcnl rcachci aconxiant valúe so *l\ ix conxtanL d&^fdt ■ 0 and Ihcrc ih no induced current. 
4c i *!' L ti O and decrcaxíng. xo is O *»nd current ti countcrclocki*isf. 

CvAi.t ate: OnK a change in flux produce* an induced currcnl Thc induced current ix in onc dircvixm when ihc 
currcnl in Ihc ouler ring ix incrcaxing and ix in ihc oppoxilc dtfcction whctt ihat currcnl i* decrcating. 

29.20. lot.\n*\; Use Ihc re Milu of Examnlc 296. Uie thc threc approachct spccilkd in ihc probkm for detcrmining 
thedirection ofihc induced current. / - &R . 

v m I t: Lct A be directed into thc ficurc. m a cLickwisc cmf is pcuilive. 
EX£ttiE: (*} £ -vJ/-<5.0ras)(0J50TKI.50in)-5.6V 

(b)(i) Leí q he a poxitive charge in thc movxng bar. ax ihown in Tigurc 29.20a> Thc ntacnctk íorve on thti charge n 
F m qr ■* B* «riich poinlx JUThtr/u 1 . Thix (orce pwdtei thc currcnl en a c twitcrdoffmtsc dircction Ihrough IhccVcuiL 
<ii> 4ij ixpoiitU'c and U mctvatmg in nu^njiude. so d&j\dt >Q. Thcn hy Karaday *% law £ < 0 and thc cmf and 
induced current are countcrclockwisc. 

(in) Thc flux thnnifrh ihc circuit i\ incrca^in^ *o ihc induced current muxicauv a magnetíe 5cld out of ihc paper 
looppoxc Ibíx increaxe. Henee Ihix current muxl ll™ in a rojiitJCJrtarJft'ñv senic. ax ihoft n in Tigurc 29 T 20h 

R 25£1 

EVALUATE: All ihrce methodx agrec on thc direclion of thc induced current. 



X 




ria:urc29J0 



29.21. lof.vnrs: A conductor nioving in a magnetic fie Id may bate a ptttcnual dilTercncc induced aertu* it t dopendíog 
on how it ti niovinc 

Sur I t p: Thc induced cmf ix - v&L sin A, whetc & i* ihc anule bet^een ihc velocity and thc magnelic ftdcL 



Eleciraausnciic InduciKin 29-í 



EXEtliTE: (■> £ - vBL sin ¿- <5.00 mb)(0.45O TX030D mW>¡n W ) - 0-675 V 
(b) The positive charge* are moved to end b, %o b \% al thc higher potcnlial. 
¡vi / - VfL - 1,673 \ no IO0 mi - 2,25 VA* Thc dimitan of £ ¡* iraní, b i . .. 
<d)Thcpoxit¡ve charge are pinhed lo A, to A hat jo excest of nautive charge, 
ftHii If thc rod has no apprcciablc thicknc». £ - 0, to ihc cmfi* /ero. O») Thc cmf « xerobee 
forcé a¿t* *>n ihc churges in thc rod since il moves parallcl lo ibc macnctic llcld, 
E% alíate : Thc motionul emf i* targe cnough lo tuve noliccablc cllcctt in somc caset, 
29*22, iDLVn*»: Toe movint* hat has a rnotíonal ernf induced aero» its ends* so il catites a curren* to flow. 
Silí V?z Thc induced polcnlial i* f - v6X and Ghm't law tx £ - SR. 
I xmiii: (a) f *iai-<5.0ra' s K0J5OTMl50m|-5 í 6V 
<b| / - í" K - <5,6 V) (25 OI - 0,23 A 

EValíate: Boih ihc induced poicniul and thc curreni are large cnough to have noticcablc ctTctls, 

1M¿ iDtvnrv: £-\M 

SttUn l L - 5.00-- H1 m Irnph- 0.4470 m.s 

£ 1,50 V 

EXECITO v~ — = 46.2 m*- Htf mph. 

*¿ <0¿50 T)(5XH>*I0 J rn> 

Ev alíate: Thn it a latiré speed And not practica!, ll i* also diflkult lo produce a 5 00 cm wide región of 0,650 T 

magnciic fie Id 

29,24, iDEvnn : £ m vBL 

Si:f Lip: 1 mph -0,4470 ms, 1 G -10"* T, 



EXIXtTE: (a) ¿" - USO ni 



0»)£-{565 mph >¡ ° 44 J P m * 1<0,50 x XÚ* TX64.4 m)-0.fil3mV.Thu íi loo small tobe 
\ Iroph ) 

Ev alí ate: Evcn Ibough thc specd* and valúes of £ are large, ihc canb's fie Id i« tniaU and ntotional cmf* ihic lo 
thc cartrf % fickl are not importan! tn thesc siiuations, 

29.25. Idemih and Sur l'n ¿ -vBL Usetenos law to determine thc directicA ofihc induced cunem. The Totee F M 
rcojuired to mainlajn eon&tant fficcd ccjiiol and oppo^i te to thc (orce f* ¡ thal ihe magnet ic ftcld cxcri+t oci thc rod 
bccauiúc of thc curren! in ihe rod. 

EX/Ct IE: W £~\*L~ (7,50 mMii) SIXI TMOJOO en) ■ 3.00 V 

(b) Bis mío thc page. Thc flux ¡ncrca*ci a* ihe bar move* to ine tighi. to ibe magnetie llcld ofibe induced cunent 
i* out ofine page imide ihc cüxuít. To produce magnetic field in ihí» direetíon thc induced etirrcnt mu&i be 
eounicrrlockwiw, to ftom b lo a in Ine rod, 

i<} S - il- ií^l- 2,00 A. F, - /¿D*tin¿- (2 00 AK0 + 500 mnO.SOO T>iin90' - O.fcüO N, F¡ ia to thc Idt To 

kcep thc bar moving to thc richt at comían! tpeed an exicmal forcé nith magnitudes - O.S00 X and dircclcd lo 
thc rigbi mutt be applicd lo Ine bar, 

(d)The rale al wruch wod b done by thc forcé F^\% F^v -<0 S00 Nx 7 .vt mi} - 6.00 W. Thc rale at whicb 
thetma) encrgy is dcvclopcd in Ine círtuil itS B -12.00 AKl'5QO>-6.00 XV. Tbctc two ratc* are equaJ. as \* 
required by conter^aiion of cncrgy. 

E Vaj.iatE: Thc forcé on ine rod due lo ine induced curreni tt dircclcd lo oppote thc moiion of thc rod. Thit 
agreet wíth I.en/'t. law, 

29.26. Idemify: Use Faraday'» law to calcúlate ine induced cmf, Ühm't law applicd lo Ine loop givc*¿ Use 
i:q(27. 191 to calcúlate thc forcé excried on cae h udcof thc loop. 

Sit L'p: Tbe loop befoce il ttaru lo cnler thc magnetic 5cld región i% xketched in Figure 29,26a, 

2L 

ExiXt'TE: Fot x < -W2 ocx > 31/2 
thc loop it compktcly ouuidc ine field 



Zh 



X ~ X X 
X X X 

K X X 



rcaion, a> . - 0, and — -¿ - 0. 



— M • 

npK 29,26a 



Thut £ - i) and / - 0, so there t\ no forte from thc magnelic fiek! and thc exicraal forec Fneccuary lo 
cemstarat vclociiv is xenx 



29-4 Chaptrr 2* 



Skf Up: Thc loop when u u complete ly iñude 



3- 



rcirion \% iketehed in 1'murc 2*»2ób 



EXECLTK: Fot ~U2<x<U2 
i he loop a complete Iv imxlc the 



Figure 29.2hh 

Üui -0 *o £ - 0 and / — 0, Thero i* no f*wee F - fl xB ftom ihc magnetic Field and ihe externa! f*»ree /■" 
di 

nccct&UY lo rnauilain constant vcit»city i* /ero. 

SKF Up; The loop ai ii cnier* Inc maonctic ficld región i* *kctchcd in Figure 29.26c, 

I \ m i 1 1 : Foc -J£/2 < x < -1/2 
thc lw>p u cuicring ihc ficld región* 
Leí ^ be (he Icngihofthc loop 
that i\ wiihin Ibe ficld* 




Trxn yPA - BLv and Í1\\ fhi maumiUiíc it: thc mom'od emí i*. I." I - 



J1>, 


-BLv 




di 





Dircciion oí /: Let 4 bedirected into ihc plañe of thc figure. Tnca O. i*. p*™tivc. The 



. £ i-- negalive, and * ith 



llux i.% poutive and mcrcaimg in magnitudc* w ii positive. Iben by I'araday* 

ai 

nur chotee fot dircelion oí A n negalive £ i* eounicrclocltwi-ic* Thc curren! induccd in ihc loop is 



Ser Up: The indixcd curreni and magneuc forcé on (he loop are shoivn in Figure 29<26d, for the ¿¡tualion ttherc 
thc loop i% cnlcring (be ficld. 

EVECLTC: F t -ÍÍxB L'jvciriuttht 



forcé F } exerted on ihe loop by ibe 
macnctic ficld i* lo the lefi and has 

»Hni^r f .IM-|£rW* 



FlfwY 29.26d 

The cxicmal forcé F necoed to move Ihe loop al consiam speed U cqual in magnitudc and opposito in direclion (o 
F¡ w is lo the nght and has this sime magnitudc. 

Si: i UP: Ibc loop ai ii tea ve* ibe maunctic líeld regton i* «kcichcd in Figure 29.26c* 

ExtCITE: For U2<x<J£J2 
Ibe loop is leavinu the ftcld 



X X 



Ihe loop Ihai i* outitdc the ftcM 



hifcur!- 29.26t 



Then |0 4 U fi£l¿ -.O and 





- BLv. 







- IfAi. Tí;c of ilw ii;Uuee\i enifis \í I 



- fl/.v and the tnduecd 



f-JÜ-«LD 



inDcnon of /. Agam leí Á bedirected mío the plañe of the figure. Thcti <\> u piHilive 



R R 

ind decreoáing in magniltaJc, so j_* negalive. Then b^ + Faraday's law £ i% posit¡\*c t and wilh nur choice for 

di 

direction of A a poMitve £ \% eloek^ w. The current indixcd in the bon is ckiekwisc- 



liketronufnciic Induciion 2^ 7 



Si: i i >: Thc ¡nduccd curreni and magncltc fixvc on the loop are ahown ¡n Figure 29.2óf. for (be 
thc loop ii Icaving Ihe íiekL 

EncirTE: f^tfxá give* Ihai thc 
forcé J\ exerted on thc loop by (he 
I ■ magnci>c field u to thc lert and ha* 

magnitudc -tLB-\-—\LB- ^ » 
Hgprr 29.26f 

The cxicmal forcé f needed to move thc loop at cornual ipeed U cqual in magnitudc And t*ppo* 
F ¡ m U to thc rigbt and ha* thu va me magnitudc* 

(a) lite graph of r vcnuix issiven in figure 29.26c, 






r 











I itturc 29JA* 

(fe) Thc graph of thc induced current / venus x ix given in Figure 29.26c 

1 




71 



Figure 29.26a 

EVALUATE: Whcn (be loop h cither toully ouuiuc t»r toiallv iñude thc magncUc ficW resion thc flux i%n 



changmg. there h no induced curren t + and no externa] forcé te needed for thc loop to mamiain contfant 
Whcn thc loop U enteríng thc iicld thc cxicmal forte rcquircd a direclcd m ai lo pul! ihe loop in And whcn thc 
loop i* Icaving ibc fickl thc externa) forcé required ix direclcd ioa* lo pulí thc loopout of thc Hcld* Thc»: 
directioni agrec i*ilb Lera:'* taw: thc torce on ihc induced currcni (oppo*ilc in direction m thc required external 
forcé ) ¡s directed to ai to oppotK ibc loop enlcring or Icaving ibc ficld 
29.27. loiviiM : A har moving in a magnetic field ha» an ernf induced aero» iti erais 
Si: r le: Ibc induced polcniial üf- vBL *xi ¿ 

1-aii i jí : Note that p- 90 & ¡n al! ihctc cases because thc bar moved perpendicular to thc rnagnci*; field* Bul the 
cflcctivc Icnglb of thc bar. L *¡n (K i* diflerent in cach caxc. 

<a) £ - vBl mh 0 - í2.50rix)(I 20 Tm 1.41 mi %m * l ? **') - 2 55 V, w¡lhi?al the higher potcnúal becauw poMtive 
charge* are puxhcd lowartl ibat cnd + 

<b> Same a* (a) except 0- 0 T , giving 3.38 V, wiib a al thc higher polcniial* 

(c) Zcro, tñee the vclocily ¡x parallcl lo ibc magnetic field 

(d) Thc bar musí move perpendicular to iu Icnglb* for ubich thc cmf Í> 4.23 V. For V% > ¡ *. n mu>t rnove up^ani 
and to thc lell (toward the «econd quadrant) perpendicular to it» Icnglb. 

EVALiATt: Thc oricntalion of the bar atVect» the potcntial induced acro^t il* endt. 
¡9.28. iDfcvrm: Vxc £q + (29J01 to calcúlate ibc induced electríe field Kat a diitancc r from ihc center of the Kolcnoid. 
Attay from thc end* of thc MtlcnoÑl^ B ■ ¡mide and 3 ■ Ooutiide. 

(a) Ser tr: Thc end vicwof the Koknoid ¡i iketched in Figure 29 + 28. 



Lct R be the radios of thc solctvtc J 




Anply I/. " i.7 * — - man inlegralion path ihai iiacirclcof radiux r 4 where r < A. We necd lo calcúlale jusei the 
masnitude of £ «o **c can takc atuolute valuc% + 



29-8 Ch* P trr29 



Em:í i te.: 




d&t 


= jrr 


¿0 


dt 







unplic* Eilzr) ■ xr* 



E-i 



Thui £-±rj/ t tf^-i|0,«>5OOmH4T*IO 1 T mAí*«> m * H600 A¿*) ■ L70* 10"* V/m 

(b)' - 0 t D|ü0 cm ¡* Mili ín»¡dc ihc «olcnoid w thc cxpnrtsion in pan (a)apptic& 

E-lrtut— - ¿(0.0100 mX4*K 10 1 T ♦m.AHWO m *M600 A») «¿39x10 * Vin 
ttt 

EvaLlate: Imxlc thc íoIcikwI £ is proponioiul lo r, u> JTdouhk* ivhcn fdoublcs* 
29.29. lofvnrv; Apply l-q* + í29.9) mi (29.10) 

Sef Up: Evalúate ihe &Hcgral if Eq<(29 >I0) fura paüi whieh i* a cirek of radiu* r and contcntoc »iih ihc 
sotcnoid. Tbe magneiic fie Id of (he soknoíd U confined lo ihc rcgwn minie thc «olcriokK %o 5(i> = 0 Ibr v> R 

txiCtTE: fi) 1-/1 — -*e* — . 

¿/ rfl dt 



líf¡ ¿i; 2^ jí 2 ifr 
[el All ihc flux within r< R**o ouixidc ibc ¿olcnoid £ ■ 
(d) Thc granh U Mtcicted m Fuñiré 29.2%. 



Thc dircciion oí £ i* ahown in Figure 29.29*. 

1 ¿0> rffi R ! dB 



2.7/*, i* 2*r; di 2r, 



7Ü 



(I>At 



Evall'ATE: Thc etnf » independen! of thc di&iancc from ihc cerner of thc cylinucrat all poini* oulxídc ¡t. Even 
though thc magnebe fickl w /ero fot i* > ¿i. Ib: ¡nduced clcclric flckl n non/ero outtidc ihc wlcmnd and a m*wro 
emf w induced ¡n a circular tum ihat h* r > A. 




14 



29 JO. lotvnfv: Use l-q <29 + lO) locakulaic thc induced 
bcl\tccn two potnl*. 

(a) Su Hr: Qccau*c ofthe axial *ymmctrv and thc 




ripire29J9 

ñcld £ and u*c thíx £ in Eqí 29,9} to 

of any ciccinc charle* thc fickl Imc* 



¿ulculatc £ 




£ i* langcnt lo ihc tmv Thc direction 

oí £ (citakwi*corco\intcrch>:ktti*ci 
B thc tliiiviHift in tthich cmtent wíll 



Figure 2M# 

EXEttiYE: L"*c thc *¡an convctiiton ftte l'araday'i law to dcdtxc Ibii direction. Leí Á be into thc naper Thcn 



i « 



i* negativt. so by £ 



€ i* ptMÍtivc and ihcrcforc 



aroirnd Ihc nntv To calcúlate /: apoly 



• - * to a circular patb thai 



coincide-* wiih ihc ring. 



EV2jvr)-v 1 



- ¿ir 



,7j' 



ind£ -ir 



&¿(0J0D mM0A350T>ji)s 1.75*10° V/m 

le) Thc induced cmf ha* magmludc £*$£.& -£t2w)»<1.75xHT l V/m)(2jrH0.1Ü0 m) «1.100» 10 1 V Thcn 
DÜxlO ' V 



2.75x10* A 



K 4.0011 

(d) Poinis a and /* are scparaicd by a dittancc around thc ring of zr %o 
£ ■£(jrr)«(L75xi0 l V/m>UXO.iaOro>-5.50*IO í V 

(t) Thcends are separated by a dc%Uncc around thc ring of 2xr so £ » 1,10*10 ' V axcalculalcd in pan ic) 
EVALUATE: Thc induced cmf. calculaicd from Faraday** bw and used to calcúlale thc induccd cxirrcnL* is 
associaicd wiih ihc induced clectric Ikld iniegratcd around thc total 
¡9.31. iDtvriFV: Appty LqO'J.liwiih 4\-// t fft4 . 

Lip: A-xr M whm r~0SAl 10 m. In Ea.f29.ll), r -0.0350 



EJOCITO fcl- 




and|fU£I2ffr(, Thcrerorc, 



E2mt 
umA 



_ <S.OO* 10 * Wm^OMSO m) _ 9 ^ ^ 
/r^OOm^TíOOllOm)' 

EYAi-t Alt: Üutttdc thc hiIctkikI thc itiduced clcciric ficld dccrcascs wiih incrcating düiancc from thc axis of 
thc solcnoiiL 

29.32. lofcvim: A changing magnciic flux through a coi) indure* an cmf in Ihat coiL which mcans that an clccmc 
Hcld b i 



Sef 1 t p: According toFaraday's law* Ihc induced clcctríc fcld obrys tlw ctuiation j<E'dí ■ — 
ExjXite: (i> Por thc magnitudc of thc induced decirte ftcld. I'aradiy** lawgivc* 

^^rjfl^ 00225 m <0250T/i) ^ 2SlKlQt yjm 
2 di 2 
c souih polc of Ihc macnct and 1* ckercasing. %o thc 



[h>Thclícld 
¿ounicrcloc k wisc. 

EVALUATE: Tile* ii a very small decirle ficld compared to mcut others lound in laboraiory cquipmcnt 



19.33. iDUVnrv: Apply raraeby'i law in thc Ibtm \f - X 



V 



Sef Up: Tbc magnetic fícld of a large tlraight «olcnoid ii jS - pt t ni imide thc «olcnotd and /ero ouKidc 
O* ■ BA . uhere A ¡s S.00 cm* , Ihc erovfa-icelional arca of Ihc long straiuhl tolenoíd. 



29-10 Chupín- £* 



Exrxut: iCl-A 1 



VI' 



UTA -A) 



V 



Ai 



EVALUATE: An emf i% índuccd ¡n Ihc iccond winding cvcn Ihough thc magnciic ficldof Ihc Nolcnotd w n:ro al 
thc location oí ihc scvund winding. The chuneing magnciic ficld induces clcctric ficld ouuidc ihc lolcnoid and 
thot inoWcd cketric licld t*oducc% Ihc cmf. 
¡9.34. lotvriFY: Apply F^{29 Ni 

StíVn **3,5xl0 *' F.<in 

EJOrUTE: j ü =*ííl=(3.5xl(r 11 F*nH24.0xlO' V-mfrV. ¿>-2IxlO*A «¿res f*5.0*. 
dt 

FVaLíaYE: í 0 dependa on ihc rale at i*h¡ch O i ¡i changmir 

29.35. loESnn : Appty EiK29J4>, whew t = ^v 

su U ¿«V ¿1-4(8.76x10* Vntf*V. * ( = 8.854* 10 " FJúl 

i 12 9 x 10"*' A 
tAixt it: 2.07*10 " Y'ttL The dictante conMant » 



l¿f<t> t fdi ) 4<S.7Óxl0 k V-mVK26.lxl0~ J *>* 
£=¿. = 2.34. 

EyaLL'ATE: The Largcr thc diclcctnc conrfant, thc Largcr b Ihc displaccrncnt cutre nt for a givcn dOt^/ds. 
29.3*. lDÉ\m\4ndSEF l^.<2913iand{29J4i*howihal /, and aUo reíale i 0 lo thc rale of change oflhe 
decir»: ficld flux bctwccn thc platea. Lie thii lo cakuUtc dEídt ard apply thc general iwd formof AmpcrcMaw 
<I^29,lSMi> calcúlale B 

■ ¿ í m f l>: Apply Amperc'% law J í <fl " ■ *4>>„i < E<M 28 > 20}} to a circular path with radiin r - 0.0200 ni 
Anctid vie*' of iltc ¿olenoid ¡* givcn ¡n Figure 29.3o. 

tly svmnKtty ihc magnetíe 
ficld U langcnl lo ihc path 
and coiutiant a round it. 

Fí*ure 29 ¿6 

EXEC1ITB: Thi» |fl Jf- J&//-iíJi//-fi<2.7rX 




r t = 0 ino eixwurtjon currcnl rlow* ihrough thc air spacc belween thc platal 
Thc disnlaccmcni curren! cncloicd by ihc nuth ti 

Thui Attxr)» ji(> n .rr*> and ^-¿¿fcV"^ 4 * 111 * 4 T m A»S5.7 Ar l in i K0.0200 m) = 7.00x10"' T 

<d) « i |//^.No*/'H^ihcvali*eÍo(cXwff¡»T.Abo: í ^7.00x10 * T) = 3.50xl0 J T 

EvaI-I: ate: Thc definibon of disnlacemcm currcnl allow* Ihc curren! lo be continuou* al thc capacitor. The 
mugneiic ficM bchvccti thc piales b /ero on ihc axis (r - 0} and ¡neceases ai r increaic*. 

29.37. loEVnn: qmCV . For a parallcl-platc capacitor, , where *- tc-éqfdl. 

SKI Ir f ofd M> af'dr ■ 

2.50x10 m 



Inducintt 1 



(b) -í-f, -6.1X1*10 1 A, 
di 

dr A*,¿ ¿ 

EvajjaTE: jjj > so KuchholT*)unct¡on rule ti saiurtcd *herc thc w«rc connecis lo cach capador plaic> 

I9JS. lofcvnr* Jihl Su Vrz Use ^ -^'i lo calcúlale (he charge r/ itai (he curreni ha* arried lo (he pbiei ¿n (irnc f. 

The ttto cqualion* prccccding Eq (24,2) reíale q ta the clcctric fíeld £ md (he potcniia] diltcrcncc hciwecn the 
platci. The dupLaccmcnl curren! denaity i% defíned by l^|.{29. 16). 
EXECim <*> ^■l.UatlIf^ A 
í*0«f-0 

The unount ol chaire hiixjyHl to (he plutci by (he cfcxruintf. current in lime I ti 
f «(¿«(tJlxtr 1 AXO.SOOxlQ* »- 9.00* 10 '** C 

£-£--!-- M0«I0-"C r .203,10- Vto 

*4 <H.S54*I0 " CVN m , X5JW*lO~*nr> 

*'-£í/-<2a13*10* V.'mJtf.OOxlÜ 1 m)-406 V 

<ft ^ ^ <U54xlO"' CVN m HS 00*10* nr) 
Since i t i* coruuni ¿/J: %tt óoei not >aiy in lime. 
¿E 

M j a ü^^— (EíH 29I6>K wlh 4 rcplaccdby e, ¿ínce (hete íi vacuum belween (he platc*.i 

irV 

^ = ^ = (3.60 Arm'HSMxlO"* m"> = L80*lO 1 A; ip*^ 

EVALUATE: i t - í fth The constara conducción curreni mean* (he charge q on ihc piale» and ibc eleclric fleld 
bciwccii thcm bolh incrcjnc lincatty with time and i lt is comUnl. 

29.39. li» % nn : Ühm'i law reble* ihe currcm m Ihc wire lo rite elcctríc fteld in Ibe wirt / D = t— . fie Eq.(29.1S|to 
cakrubic the magnelic ficld*. 

Stí I r. i " ' . - s vayi E-pJ. Apply Ohm ** bw to a circubr paih of radiuir. 

¿r </rUJ 2.1x10"* m J 

M) <»■ jt^-lMxir - Am ! H2.UlO* m*)» 7.14* 10'" \ Eq |29 I5> apphed lo a ereular naih of r4d<uií> 

givci ^ > ^¿^= A(7U ^ t0 A1 «2.MacMr ai T, and lh¡*¡* a nc^liiíMc contribuí M. 
2-cr 2r(0.06Dmi 

c 2wr 2* (0 060 m) 

EvalíaTE: ln ihis niuation (he düplaccmcni curren! is much \c%s than ihe conducción curretii 
¡9.40. Id&vtify: Appry AmpereS bm h toa circuLupaih ofradim r<R+ v/hm R ii (he ndius ofibe i*irt 
Si:f Up: Ibe path i* *howa in Figure 29.40. 




nnre 29.40 
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EXCCLTE: Thcre i3t no disabccrncnt curten!, so '{fl di -fiJt 

Tlte magnclic íicld inside ine lupcrconducring material ¡s/cio. so ^B-rft - íi. Huí thcn Ampcrc's Uw «y* thot 

í - <h iberccan be no conduction curren! through thtr path Tbisiamc arguircni onplicx lo any circular path with 
#-< J?. so jll thc cuncnl mua be oí thc surlacc oTthc w« 

l'A u i ui: Jf thc currcnl ivere unilbrmly ¿prcad ü\tr Ihc wire's cross scciion* ihc magnetic fícld woukl be like 
thot calculalcd in Exampk 2X9, 
29*41. Id£\iify; A lupctvooJuciinu región has «ro rc-sisranec. 

Sur L : P: Iflhc suncrconduciing and normal reexm* eaeh lie alone ihe length of thc cylmdcr; ihcy provide parallcl 
conduci ing paths. 

E\Kt i it: L'nlcs* somc of ihc región* wtth rcsiviancc complctcly lili a crosvsecitonal arca of 3 long rype-JI 
suocrconducting wirc. thcre will Mi ti be no total tCMtfancc. The región* of no rcMvtancc provide ibe naih for tbe 



EvAi.t^ir_: The síniaiion he re ii like rwo resistor* ta parallcl* where onc ha* ¿ero resittance and thc oincr \% non 
/cm. The equivalen* rc*iitance i* aro. 

29.42. iDDfnm Anpty £0,(28.29): É = É tí + #flk 

Su L t p: For magnclic ftcW* lc« than inecritieal fícld* thcre is no intcrnal magnclic fieW. Por nclds greater iban 
(he critical f*cld. 0 i* very ncaríy cqual lo B, . 

£\M i n ; (a) Tbe cxtcrnal fícld ¡s le** than ihe critica! fícld* so insíoc thc sun crconductor B-0 and 
A/--*i--í2Íi2Z!Í-^ 1 03>íl0' Our*¡deinewpcft*»nductor. 0 -A\ -(0.130 Di and tf-CL 

<b) The fícld h greater (han the critica! freíd and Jí - = {0.260 T>í 3 both ¡mide and ouiside ihc tupcrconducior. 
E\ Ai.i AT£: Bekiw ihe critica! fícld Ine externa! fícld i» cxpclfcd rrom the superconducting material 

19.43. Idevtifv: Apply B ~ B, * ¿J^M. 

Skf VJp: Whctj thc magnclic flux n evpellcd from ihc maicrial thc mu anche fícld B m ihc material is /ero. 



>V hen ihe material is complctcly normal. Ihc maencti^ation n cióse lo /cío. 

EXITLTE: (i)Wnen fl p iijuslunder fl, iihrcsK*1d oí"*upt;rvtMxIi¡c:ini! plinie), thc mawnetic fícldínlhe 
matenal murt be /ero. and ,*¡T — — ^1£^LÍÍ! — Líf.— -<4.3Kk 10* Mn)L 

<b) Whcn S. » jum «ver A. (thretdiold of normal phase>* inere Í% /ero magncii^ation, and B**B í: =<l5f)T)i. 
EVALi'ATt: Bctwecn A.,arkl B fl thcre ore fílamenLs of normal phi^c matertal and thcre » magnelic fleld alone 
the«e flUmcfitv 

29.44. liit .vi \ andSi.r l >: Use Faraday's Uw lo calcúlale the mognilude oflne índuced cmfand Leru's Iw to 
dciemiinc its directíon. Apply Onm*s Uw lo calcúlate /. Use dq.|25.IO) lo calcúlate ine resis lance of thecoil. 

i») Execl'H:: Tbe anglc fi beiwcen the normal lo ine cotí and thc dircelion of B \% 30.0*. 



For f < 0 and i > LOO *.dff dr - 0|¿*|~0 and /-0. 

For f i i n i .v¡ .v -i ; :> i i — . :¡ -• 

(í| = < *Vtt J )t(0 1 20 T)tkua = Í0.9475 V)sin -rr 

forwne: /f 4i£Í^ a* 1,72x10^ íl nv r *0.0150* 10 "* m 
A Jrr 

L m Ale - ,V2vr - (500M2vH0O400 m) - 125.7 m 

Vf. - .WMl and ihc loiol muunn ofihe arcial i* /f - 305R O » 600 O ■ 3658 Í2 
í s |£|//í - (0259 inAIMflJ. The gr»pb oí/ vm t is skcicbcd m Figure 29 44a 




I h ) The coil and Ihc mairotie ficld are sh*m a in l'icurc 29.44b 




so f tt cfockwífio 

Fii¡arc 29.44b 

EVALUATE: The tong length of símil dumcicr wh u«d lo mate the coil ha* a 
than ihc rc*iiiancc of ihc 600 £1 rctiuor cormccicd lo il ¡n lbccireu.it The flux has a come time dcpcndcncc so the 
nik of ¿hange oi'ilux and the currcrti have a une ümc dcpcndcncc. Thcre i* no mduced curreni fer / ■- Oor/ > LOO* 
29.45. lot.\im : Apptv Farachv"* law and Lcíij i law. 



SKF l T P: Fot i duehaiuinv ftCcircuiL ¡(t) 



. where P b the itmial volugc acrox* the 



rcsUtanccof the *rroll loop is (25X0.600 m)|l 0 flmj- 15.0 O. 

EXECLTE: (m) Tbc Urge circuit \xmRC cmwi miha time coraran! of r — f ' — 1 1 (i í ix 20 *- 1 Ci v F)-200/¿v Thux, 
the current a* a function of lime b i 

(fe) A«uming ihit only the kirtg wirc ncarcit the *tmll loop producen an apprcciablc magncitc flux through ihc 

2xr 



1(100 V)¿(l0fl))í Al 200^ *e obluin r - {1 0 AKe 1 ) - 3.7 A. 



tmall loop and rererring lo Ihc soluiton of Excrcisc 29,7 wc obuin <t>^ - I — 



the etnf induced in the *mall bop al f - 200/nb 



I 200* 10 s J 



S4//A 



(c) The magnelic ficld from ihc Urge loop i* dircctcdoui of the page within the «nall loop The induced cutrent 
will act lo oppoie the decrece in flux fwm Ibe large loop, Thu* Ihc induced currcni llowi countcrclocfciróc. 
EVALUATE: (ó) Threc of Ibe wircs in the Urge loop are loo lar away to iraké a significan! contribuí ion lo the 
llux in ihc &mall loop a* can be secn by comparirtg the di&tancc ¿ lo Ihc dimcn&iom of the Large loop. 
29.46. lD¿vnfi: A changinc magnciic fieid caute* a chart^ing t\u\ ihrouuh a coil and therefore induce* an cmf in the 
coil. 



SEt VK Faradav* bw Wfl ihot Ihc i 



jnd the mauneitc llux through a coil i* dcflncd 



»«,,fl.lcmp 

EXCCtTE: Inihixcaie, &¿=-BsL ^hcicní i*coti\lant So (he cmfÍK proportional lo Ihc nt^aaw ilopco|(he 
magrreiic fichl Tfae rcsull t% tho^n in Figure 29.46. 

E VALI' ATE: H Ü4 Ihc rale at «ñieb Ibe magnetic freíd a changireg. not the fieU^ magniludc. that determine» Ihc 
induced emf. Wben the 5eld h comunL evert (hough il may ha\e a large vahic. the induced emf i* m 

£ 



l'izurc 29.46 



19.47. lotA iiM: Tollow the slept specified út the pri*lem. 

Si.r t'p: Let Ibe tlux through ihc loop duc lo the c a r re cí be po*jirvc 

Exkciie: <.l*, = fl>f = ü¿ M ' s W£t 
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iíf->- 



1 



di , 2R 
di a/ta 



Id) 1 

r 



. *o NOoioi--f(2/e. i u J Ti7) 



-Ü£lkiíO.OIO)--ÜIl— — — InfO.0 1 0) = 4,55 x 10 4 %. 
2ff 2iCUOÍ2) 



E Vállate: (e) Wc un ignore thc *clf-inducod cúrrenla frccuusc it Ukcs only a very *hort time for thcm lo <Ik 

out. 

¡9.48. Idemih: A chaucinc ntagnche fickl cau*c% a chanvinu i\u\ ihtouuh acod and thcrefrtc inducen an cmfin thc 



SEI Up: Faraday't Uw ayi ihjt ibc 



jnd thc mauncik flux thtouuh a ci>il ¡* dcfmcd 



K\M i f i : In this fa«. - whcrc*4 iiconaiant. So Ihc cmf ¡* proportional lo Ihc negattw *lopc oí thc 
magnelic ficld The rctull i* *hottn in Figure 29*48* 

EVALUATE: H is thc rale ¿t which ihc magnetic licld ü rib+vigiAg. not ihc fíokTs magnirudc. ih 
imluccd cmí. Whcn thc ficld ¡& cortiunL cven though ii may ha ve a large valué, the induccd cmí i* 




19.49. (i)IWMIFV: lilkl- 



Hgu re 29.48 

Thc flux h chang in g becaute thc macnitudcof thc maenctic fichl oí thc wnv dccic&tc* 



with di.tiancc ftom thc wirc. l'wd thc llux throuuha nanou *tnpof arca and intégrate over thc Licp tofind Ihc toUl llux. 



■ 



Coutidcr a iuitow *lnp oí wiixh dx and a 
Jrilancc x from ihc long wuv. «c *ho™ in 
Figure 29*49a. Ihc magnetic fie Id oí thc wirc 
ji thc *trip t* 8 - ftJ 2¿i The flux throui*h 
he *inp i» ./ . .. AS 1 2*Md* l tf 1 



Figure 29.49* 

EXFCtTE: Thc «tul flux through thc loop U 



! 



di di 
füahr 



0- 

(n) lofcvim: í" - B\l for a bar oí Icngth í moving al ¿peed V perpendicular lo a magnelic ficld B. Calcúlate thc 
induccd cmíincach unte of thc loop* and combine thc cmí% accordmg lo ihcir polaniy* 
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Sef Up: TbckHirfCgnxnisofihclooparc thovvnin Figure 29.49K 

tWctTí: The cmf in caen i*lc 





— 3 — 








j 




* 












> 







6 



Ikiih rmlt f, andí", are dircclcil lonard ihí (Df> ofihe Icnpsooppinc cüth oihcr The nct cmf I» 



1t V r r til/ 2rrir + tf) 
Huí cxnrcssion agrect wiih whai wa*obta¡ncd m (i) using Faraday'* law + 
fb}{¡) ImiMirv and St i" Vr: The llux of (he induced curren* onposc* Inc change ín flux. 
Execi te: ls ©. <t* rf is © and decrcatmu, *o ihc (lux O . of Ihc induced currcni i* 0 and ihc eurreni 



SEF Upí Use ihc hghthand rule lo íiihI (he Ibrccon ihc positive charget in cacbiide oflbc 
n ptwitivc charue* Ín scgmcni* I and 2 of Ihc loop are *hown m )*iL*iue 29.49c. 

amn 1 mnoi 3 



(li) lOEVIlM JJI 

loop. The Ibrces 



* ® 

Pifar* 29,49c 



EXIXLTE: i* Urgcr al segment 1 «ince il i* ctoscr lo Ihc long wire* so F Á ü targerm scunicnt I and (he 
induced current in thc kiop is ckickwi&c. litis agrec* with (he dircction deduced ín lil uung Lenz's law, 
M EVALt aIE: When v - 0 ihe induced emf ¡bould be «tü; the expresión tn pan (al g¡ves this. When u->0 
(he flux goci ki ¿ero and ibc cmf «bould approach xen>; thc cxprc&sion in parí lai givex thix* When r — * oc ihc 
mag nelic fie Id (hrough the ktop goes lo /ero and the cmf should go to xen>; thc expresión in pan (a) g i ves Ihis. 
29.50. IDKVTIFY: Apply Faracby** lair. 

Sef Up: Fot roialion about ihc y-axii the xitualion is ihc same as in Kxamplcf 29*4 and 29,5 and wc canapply (he 
resulte from thosc ex ampie v 

Ext CUTE: U) Roiadnc about the v-axis: ihc llux i* inven by O. ■ BAcozfi and 



- «M - (35J> rad»HD4S0 Tx6 + O0* ID"* mi - 0<M5 V 



I »t RoUiting jwut ihc r*ax» 



L-Omd £-G\ 



[c) RoiaLinc about ihc "-axis: the llux ¡s given by <t>. - BAcoié and 



- «IM <35J> rad.sHD4S0 TK&QO* ID' ' mi - 0 ,945 V. 



Evalúate: The máximum cmf ii the tamc ¡f (he loop iiroiatcd about anedge paral kl to (he rsnix as il is vthen 
il is rota(cd aboui the Mftfa 
KMI. iDtvnn : Appry (he resulix of l-xample 29.4, %o = .V«A4 for jV loops. 

SEF L'p: Fot (he mínimum a>. leí (he roiatiog loop lave an areaequal lo thc arca of ihc uniform magneuc ñdd, 

SO ,1 - |ll K*im| 

ExfCtTE: A f - 400. ¿-L5T. ^ = (0.IQDml ; and £^ -120 V gives 
a» * £^WBA = (20 radsK l radKoOsl mm) - NOrpnu 

CnajaaTE: In £ -wBA. ta a in rads. 
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29.52. lD¿vnf\: Apply thc resulte of Cxamplc 29.4, ucr>crahjx*d lo ¿Vloops: S^-S&BA. v- 
SfcF L'P: In ihe cxpttnian íbr S * a» musí be in ruds. Mi mm - .V 1*1 rads 



ExiltLlE: (1) Siihinu Ibr A ur i^Um j|b 



mNB (3.14 rad*H2<KK> iura0(í.0*l0 1 T) 
[b) Alumine a point «n thc coil al máximum distante from ihc ax« of rotaiton wc tuve 



= l8nf\ 



„ . ll^l (3 .1 4 rads) = " m/s. 



EVALUATE: The device isnot very fcasihLc. Thc coil would needa rigid framcand thccITccti of a¡r rcsisiancc 
would be apprcciablc. 

29.53. IdevtifV: Apply Farachy's law in thc form f M ■ -.Y^íl to calcúlate Ihc average emí Apply Len*"i law tu 

A/ 



thc dirccüon of thc induced current. 
Si:f Up: <t*. - BA . Tbc flux chances because thc arca of ihc loop chati» 



ExJXtii:: (*> £, - 





-0 




A/ 




A; 



i (L250i 



= 0.0126 V 



(b) Sincc thc magnelic fíctd isdirected wto thc page and Ihc macniludcof me flux Ihrough thc loop u decrca-iinc^ 
thc induced current musí produce a freíd ihat gocs ¡nto thc page. Thcrclorc ibc curren! flowx from potnl a ihrough 
thc rcsisior lo poini t> . 

EVALUATE: faraday't law can rw used to find tlwduection ofirx ¡nduced curreot. Leí Á be wto the page. Then 
t ii posítive and dccrcaiing in macniiudc. so dQ^di < 0. Thcrcfore £ > 0 and ihc ntduced curren! \% clockwttc 
around thc Loop* 

29.54. iDEVnry; By Lcn/\ Uw t thc induced currctii flows loopnosc Ihc flux chati ge that causad ü. 

Sur t'P: Whcn thc switch is ¿uddrnly elosed wiih ui unchar^cd capacitor, thc current in the outer circuil 
immcdiatcly incrcasc* from vero to ¡Is máximum valué. As thc capacitor gcis charged* thc currenl in thc outer 
circuí i gradual ly decreases lo /ero. 

I \. i i . i : (i)fi}Thc currenl in the outer circuit is njdctoily incrcasing and is ina counicrckickwisc direction. 
The magneiic ftckl through thc inner circuí isout of ihc paper and incrcasing. Thc magnelic flux throuch ihc inner 
circuil is incrcasing» so thc induced currenl in inc ínner circuit is clockwisc {a to /?) lo Dfipose thc flux incrc-asc . tul 
The currenl in ihc oulcr circuit is still counicrclockttíse but is now decrcasing* v> ihc maenetic tic Id ihroueh ihc 
inner circuit is oui of ihc page bul dccrcasinc. The flux ihrough ihc Ínner circuit is now dccrcasinir* so ihc induced 
current ¡s counlerclockwixc (A to jí tooppose the llux decrease. 
(b) The graph is steicbcd m figure 29.54. 

EVALUATE: Evcn ihough the currenl in ihc oulcr circuit does not change dircciion. Ihc currem in the inner circuit 
does as the flux ihroueh it chance* from increasine to decrcasinu. 
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29.55. IdkCTIFY: Use Farxday's lan >ut calcúlate Ihc induced cmf and OhnVs bw to Itnd Ihc induced currenl. Use 

Le><27J9>iocaJcuuiie the magneitc forcé /■; on ihc induced currenl. Use thenel forcé F-F % in Ne^ ion s 2nd 
la» id calcúlate thc wclcnition ol thc rod and uw iKit todcwnhc it% moiion. 



UivtiiHiUiiiKtif Indueixon Í9-17 



[a) Su tr: The forecs in thc rwl are shonn in Figure 29<55a 



1-AHin: ]:¡ 



í - 



Use f ^ 



Plgpn 2333* 

tofind thccurccitooof/: Lct be ínlo Ihe page, Then >G\ Thc arca ofifccircuilis 
di 

«i íl^L. > ii Then í" < 0 And v/iih our direction íot A thn mean» thai f and / are 



isshownin thc sketch. Thc Torce on thc rod due to thc induced cunen! ¡* given by F<~ftxB Thisgives /, 

loihcleftMthrtttgnitüde F t - !LB-iBLv>R)LB = jHi'V/ «. Noicthai /; bdirededloi^|Kncthcnio<ionoflhi: 
rod* ai rcujuircd by i croe % Law* 

E VALi' ATE: The nei forcé on ihe rod i* F-F^ m its accckration i* 0 « F^fm &iS>f9!)lm, The 
rod slarti with v- Oand a ~ Fttn. As ihe speed v mercase* Ihe accclcraitond docrcosc*- When a ■ 0 thc rod ha* 
rls terminal *pccd V,. The graphofvvcTsusrisskciclicdin Figure 29.55b. 



t Recaí I thatu ¡sthe slopc of Ihe 
f cune.) 




Figure 29.55b 

th) EXiXUTE: v = i; whcrm-Osci ¿v,/g gQindy, 

EVAUi ATE: A largc / ' produces a large v r Ufii* largcr, ft j* unaJlcr ihe induced eurrcnt n largcral a 
so i* larccr and thc terminal speed is lcss t 
29.56. lDf.vriFY: Apply Ncwton's 2" bv/ 1« the bar. The barwill cxpcricncc a rnagneli: torce ihie to thc induced 
currenl in ihe loop- Use a - dr di lo sol ve fbr r, Al Ihe lemunal «peed* a - 0 * 

Ski t=P: Tbe induced cmfin Ihe kiop has a magnitud: fl£r . The induced ciutís counlcrclockwisc» so ti 
thevolias^ofmcbaitcry. E. 

txKctiE: (a) Thc nelcurrcnt inthe ktofiis S -LzMLL. Tbe acceleralion of thc bar Ís 



¡F~ ^ 



ind solve for v uting the method 



f scparaiion of variables: 



The graph of r versus / is ¿kcicbed in Figure 29.56< Noie that ihe gruph ofthis lunction it similar in appe 
that ofa charging capacitor. 

(h> Jmi after «he witeb » ck»cd. v-Oand / -¿VA -2-4 A, F*iLB=-2K# and ■ - Ftm -3-2 ms 1 

V-(U W8m||2.0ms)kO + 8mh1.5T> 



::itic< M 



(d) Note Ihal as Ihe speed incrcases. thc acceicmtion oecreases. Thc speed will asvrnptotically approach 



[2 V 



S¿ ll.5Ttti).8mi 



ID r.u. ulueh makes thc accclcmtion /cnx 
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E VALIATE: The curren! in ihc circuil ¡scoun(crvlockivj*c and tbc magnclic forcé on ihc bar» to (he right The 

of the muvmc bar a mpplkd by the baitcrw 




29.$?. lotvnn: Apply BvLVtc -™ applied lo Ihc suellitc molion lo find (he speed v of the *aicll¡tc< 
Ser i y P, . . ai iuii,>na] forcé m the tatcllitc i* F t *G^^-. mtmamk thcrnaaof ihe laiclliieand/'bmc 

rjdiut o| itsariMl 



29.5S 



19 



ExiXnt: B-&fix\0 % T«L=2.0m. GÜ¡^L^m— and r* 400x10* m*R t give*i* 

r r i r 

Usng ibis rfc£ = *tf¿give*í t -(S + 0* 10 * TH7M5xL0 l mt (M)iiii - I 2 Y 
E VALI' ATE: The induced cmf i% large cnwjch lo be mcaMircd casilv 

IMviuv The induced cmf ü £ ■ Bt*L+ whttc ¿ is mcaiurcd in adirection thal ¡* perpendicular lo hoth ihc 
magnciic fie Id and (he vclocity of ihc bar. 

&£f l'P; Ihc maunctic Ibrce nuihcd poiiuvc charge toward ihc hich potcnual end of (he bullct. 

ExmiE: (m)^- Wv-(8xl0 " THDOW m*>00 m%} = 96ji\\ Since a positiva charge movmg loibcca*! 

Aould be dcflccicd upwanl. ihc lopof Ihc bullci will be ala higher potenliaL 

(fc) For a bulle! (hat travd* *oulh. v and S are along ihc «mí line, Ihere i% no magnetic torce and Ibe induced cmf 

ix <«to + 

[et II r ¡* horirixiiaU ihc maenctic (orce on po*¡livc charge* ¡n (he bullct i* cither umvard or downward. 
perpendicular to (he line betwecn ihc front and baek of (he bullct- Hiere ¡s no cmf induced bet^een ihc ftont and 
backof Ihc bulkl* 

E VALÍATE: Stncc the vclocily ofa bullct b¡ jhv¿ivit in ihc dircciion from ihc back lo Ihc froni of Ihc bulkl. and 
tince Ihc magnetic Ibrce i* perpendicular lo Ibc vclocity, ibeic ¡sne verán induced cmf bchvccn the fruniandback 
of the bullcL no maticr what Ihc dircciton of the magncitc tlckl u. 

lotvmv Find (he magnclic freíd at a diüiancc r from the ccnlcr of Ibe wire. Divide the rectanple inio narrow 
tnrip% í>f widthtír, finJ (he llux ihrough cach ¿trip and iniegratc to fmd ibe loial lluv 

5i:f UP: E&amplc 28 JE u*c* Amperes law lo *bow ibat Ihc magneto fíeld inside (he wUc, a dntance rfromihe 
ExiXtTE: Considera *mall %trip of leniflh Tand uidlh^/r ihat ii a dixtance r from (heixi.s of the vvirc. ai ihovvn 




in Figure 29.59. The flux ihrough the %\rf 



E VALi ATE: Note ibat the rcmlt b independenl of the radiu* Jíof the wire 



F¡eorc2M9 
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¡9*60. Idemih: Apply Faraday'i law to calcúlale thc magnitudc anddircction of Ihc induced crnf 
Su i f : Let A be cureered oui of ihc page ui Figure 29 50 in the te*tbook Ifcñ mean* 

ti ptMÍtí VC 

Encara <*> = w = Wd - 3(./o' + 

I7l dt f t '* I \ 'i j 



ii _ - 1 — 1 L Al 



5.0 



Dolo s ; 

3.D665 V 



- 1 ' 



1010 1 



- 0.0665 V. £ ¡1 JKMÍtiVC 



e^r-»Jí= — =»r- -12 0 = 10.211 

<d> LtaJuaiing the crnf Jt r - 1.21* 10 : % andwing tlw cquation* of part = -0.0676 V, and the curren. flowi 
clockwixc, from fototi throuüb ihc resistor 

EVALUATE: Al J -f^. Ü - 0 At / - 5 00 - 10 ' ¿ i* ¡n Ihc -¿ dtrcciion and i* dccrcaMn^ in mairniruiic Lenz'* 

la» therefore %ay* í' i* counicTcfockwbe. Alfa 0.0121 *. & i* m thc t-A direction and ii incrca*ing in magrútudc. 
Lciu** law ihcTcfurc rayi í' b ckickwisc. Tbcic rc*u)t* tbr thc dircciton of í' agrec with thc remití wc oblained 
ftom Faraday** bw. 
¡9.61. (a) and (b) iDEMIFV and Sct Up: 



Thc magticlic fiekl of ihc wim \% givcnby 
tki 

8 and vane* along; ihc Icngth of ihc 

2xr 

bar. At cverv poíni alone thc bar hai 
dircclion inlo Ihc page. Divide the bar up inio 
thin slkcx, a* %hmvn m Ttcurc 29.61a. 



ií» i * i 



Figure 2MU 

Fxkci te: The cmfdt* ¡nduced in cach *lkc i* viven by d£ - rx B <Sl rx B isdirected toivard Ihc win, 
r Thc total emf nduced m thc bar 



EVALUATE: The rninux Mpn tucano ihat I i* negative* poini j ai hiehcr potcntial ihan point A. (Thc Torce 
F — i¡v m Jí im poiihve charge c arrien in the bar u tim + ardi^, w j n jt luuher potcntial.) The pnlcntial dilTercncc 
incrcaws when i or v increaw^ or d dccrcawH. 
M iDEvnrV: U*e Faraday'i law to eakobte the induced 
Sur V?z Tbc wircand loop are tkdchcd in Figure 29.61b. 



■ 



t\Eí A* thc loop moves 

lo ihc ríght ihc nagnetic llux 
ihraugh il docnn t change. Thtxt 



tVAl.t A Til 



íiüure 29.61b 

^» rcsult can atut (>: undcnt^ixl as 



u"A*i- Thc ntduccd eml tn «cetnm ah puu poini j al mcher 
pc4ential; the induced crnf in scclum Je puts poini d al hitrhcr potcntíal. lf you travcl around ihc loop then iheic 
too induced <mf* *tum to/cro. Thcrc U no crnf in thc loop and henee no curren! 



29.62. Idexiify: £ - vBL+ whctc v i* Ihc componcril of vclocily pcrpcrtiUcular 10 ihc fícld dircchon and pcrpcndKiilar 
tu (he har. 



Up: Wircs.r And Chave a length of 0500 m and wircO hai a Icnglhof J2<0.500 m>' -0.707 tu 
E\l XLIE: Wire A: v i* p&rallcl lo A. m ihc induced cmf u zero. 

Wire C: V is perpendicular lo 8. The componen! of r perpendicular lo Ihc bar 1* v*«* 45 '. 
£ = (0350 m>s)(6iis45 4 M0. 120 TKO500 m) - 0.0 1 4H V. 

Wire D: v 1% perpendicular 10 B+ Ihc componcnl ofv perpendicular 10 Ihe baris 1 co*45 \ 
£ m (0350 m s)(coft45*M0. 120 TX0.707 m) ■ ft0210 V. 

EVALUATE: The induced cmf dependí on Ihc angk belween v and B and a)*u on ihc anuí? hettteen r und ihe bar. 
29.63. (a) Iimimikv: U*c ihc expresión for mutional cmf lo calcúlale theemf induced ¡n ihe rod. 
Si!F V?z Ihc rotaling rod i* *ho»n in Figure 29>63a. 



The cmf induced in a thin 
slicc « - vxfl 



Ilüurv 29.63u 

EmiCi ti; AHumcIhai ls direicd out of ihc poge. Ihcn vxB ¡xdirc^tcdrjdiallyouiwaidand 
v & ro> ao i. 1 "*" ■ ■ 1 i 1 )',- tfV 

The rff for all the thin *licc* Ihai makc up Ihc rod are in ¡crici *o thcy add: 
f -Jrfí-J^rJr -^fll'-.^a.RO rad*H0650 TtfO.240 rn) 1 -0.165 V 
EVAUTAfE: € incrcraei with ta. BorL*. 

(b>Nocurrcnt flowitoihcrc i* no IR drop in poicntial. Thu* ihc polcnlial dilTcrence bctwen the cncU cquaU the 

cmf oro. 165 V calculaled in pan (a). 

(c) Sf.í Up: Ihe rotaling rod ís «hown in Figure 29.63b. 



r 




a: 



•5* 



ftUOH P The cmfr*«w«nihc cerner of the rod ar^^ 

with (he direction ofihe cmf Irom Ihe center of (he rod (oward each end The cmf* in each half of the rod thut 
operar each otherand there i* no nel cmf bchvccn the end» of the rod. 

EYaUtaTE: & and fiare thcxameai inpan<a)but ¿ofeachtnlfb \L for ihe wbole rod. £ w proporlional lo 
X 1 , so i* onallcr by a lactor of ^. 

¡9.64. lot.Mit^: The ptmer appticd by ihe pe non in moving ihc barcquaL* Ihc rale al uhich Ihc clectrícal crtcrgy ts 
diujpalcd in the re&iitancc. 

SCf Upi From Exampk* 29.7, ihc power required lo keep ihc bar moving ¿t a contfant vekicity 1% /* - Íüí^-L . 

4b) Tora 50 W power dtuipation wc uould requne ihat the rcsütancc be decrcaicd lo half ibe previou* valué. 
U> U*ingrhc ruuuncc frorn pan (al and a bar Icngth of0.20m. 

p , (g¿v> ? _ [<a25TKa20«K10>Vitf .o tl w 
ti 0.0901Z 

Ev.vm atf_: Whcn ihe bar ii moving to ihe riphi (he magnclíc forcé on (be bar U to the lert and an anplied forcé 
directed to the richt 1* required lo ntainiarn conMant «peed. Whcn ihc bar 1* moving (o Ihe left ihe magnetic forcé 
on the bar b to the ncht and an anplied forcé dirccied lo ihe left n required lo maintain 



29.65. <») IDEMIFV: lw taraday** Imw lo calcúlale (he ¿nduced cmC Ohm * U\v lo calcúlate K and Eq.(27.l9) ta 
calcúlate thc forec on ihc rod duc lo ibc ¡nduced cunent. 
L T P: Thc fbrec on thc wirc i* xhown ¡n r»£Utc 29,65. 



3 i 


. * /I 













Fakiii: Whcn ihc Mire has «peed v 
ihc induced cmf b í" ■ £iu and thc 

¡nduced cutrecN tt l A ■» 
HlE«irv 29.65 

Thc induced cummt flows upward m Ihc wirc di shown. w (he forcé P m IÍ xB exerted by (he magnclic ficld on 
thc induced curren* b to thc klV F ooposci (he molion of thc wirc. ja n rnml by Lcn?** law. TTu* maunitudc of 
thc forw t% F-taB- íVV*. 

[h) Apply V| /' = lo Ihc wirc Takc *t tobe loward ihc righiaad leí iheorigin be al thc locabonof thc wirc j 
i - 0, so a, = 0. 



U* thu mfmém íowIh- lórtO): 



and - - 



ff Vi 

fa(v)- b(v t )«- 



Note: Al 1 = 0, v- v„ and r->D 
Ji 

Come* to rc*l wiplie* r ■ 0> Thii happcn* whcn l -* 

t —f r: g¡vc* x - ■ f . Thui (hn ii (hcdislancc thc wirc iraveit bcrore comité lo rert. 

EVALi'ATE: The oiotion of thc ilidc wirc caucel an induced cmf and current. Thc magttcUc forcé on (he induced 
currcni oppmei (he moiuin of thc wirc and eventual I y bríng* ti lo rc*i. Thc forcé and accclcration depend on r and 
arccon*iant* If (he accclcration wcrc coniurn. not cbanging froni iU initial valué of a t - -íi \¿\ mR. iheti (he 

Moppmg ditíance would be x--t¿/20, = mJrV2*V. The ....> tfopptng dwuncc u rwicc (hu 
29.66. iDt.MUM Süice thc bar inmighl and (he ma$ncl*c ficW iiunifomi. integmling <¡C - r« É dt along(hc lengib 
of ihebaxgivci f-iv^B) L 

Stf i y y -(4.20 . £-(0.250 m«eoi36.9°¿ •un36.9 4 y> 

EJOCITO (») £ ^(vx¿)*£-(4.2On*í|# : i*<<0.l2OTtf-(0.220T)>-<0.09(HDTrt 

f = ((DJ78 V'm)y-(0,924 V.mJA)*((0250 mKco*36.9°/ *»¡n Jfr^yiJ. 

f a (0J7H V m)(0.250 m)»o36.9* - 0.0567 V. 

(b) Thc highet pnlcnual end U (hccnd (o which po^itivc char v<x ¡n Ihc tod are puibcd by thc magneikr forcé. 
y * fl haia poiiiivc V'ComponcfiK io ihc end i>f(hc rod martud * tn Figure 2°.66 U al higher potcniíal. 



29-21 Ch*ptrr29 



EVALUATE: Sincc v * B ha* nunmo y and A componente and i ha* non/ero r and / componcniv onJy thc 
k frompoiwitl of S coninhuic* (o £ Infact. L S ! I - <4 20 m^.fl mm TMJ 250 miuo J6 *> - 0.0567 V. 




Figure 29A6 

29.6?. Idemify: Um Eq(29,IO) lo calcúlale ihc ¡nduced clcctríc fieldat cach point and then iiic /' ~q£ 
SO IT: 




Apply ij£-^l • '——i toacorrcnrnc circle of 

radmi r, a* ihcmn in Figure 29.67a. Takc /) to 
he into thc pace* ta thc direction of A. 



Figure 29.6?a 



EXECUIB: 



iniHhcngiYC* £>a m i /. .,]/ ü negative. Th« meara ilut £ i* tancern to thc eirek 



thc counicrrlockwi*c direction, aa shown in Figure 29.6 7K 




iT--£<2Tr) 



I Íjcure29,67n 

-£<2*r)--Tr J _*<>£,¿r_ 

tff al 

íoint a The induccd ckettic ñcld and thc forcé on q are rikown in Figure 29.67c. 

i ¡siomelcft 

(F i* in ihe «ame dircenon M É 
q i* poiilive.) 
F%n re 29.67c 

poéni b Thc induced cketríe lie Id and thc torce on */ are *hown in Figure 29.67d* 





r ~h 



li 



ét 

F k toward thc lop of thc page 



figure 29.67d 

nointf r - 0 berc, soE-Q and T - 0. 

EVALi'ATE: If ihcrc wcre a conccninc conducting ring of radiui e in thc magnetic lield rcg»on* Lcnx'i law telh 
u*. that thc incrcaiing nugnetic fie Id would induce a countcrcloclcwisc currcni in (he ring. TTii* agrec* wrth thc 
dirección of thc forcé wv calculatcd for thc individual po&ilive point chargev 

lD£Vn*Y: A bar moving in a magnetic freíd ha» an cmf induced acrcu* íti end.v Thc proncllcr ael* a* «uch a bar 
Skf Up: Diftcrcni pan» of ihc propcllcr are moving al difícrent «peed», so tve muvt intégrate to gct thc total 
induced emr Thc potential induced acrossan elcmcni of length dx \% d£ ■ í firfv, where B U unifomr 



1U3 



EXfttTE: (m)Cjill * the düunce from thceenierto an eletnent of lenglh ifrt and ¿ the ler^lh of the propellcr 

r ¿I , 

The tpetdofiÍTisvALgmag tt£ - \Bdi - x<oBdi. f «J^ w.jRJx s. 

(b) The pittential dillerenee i* ícto *¡nce the potentia) ¡* the *ame at bothend* of (he propeller. 



i 60 



EVALt'AIE: A poleo! ía] diffcrencc uf abuut ¿ mV U nol large enough ii> be concemed aboul ¡n a propetlcr. 

lotvnFV: Follow ihe xicps *peciFicd m (he prtfclem. 

Si:r 1-p: Tbe decirte fie Id región h ¿ketehed ín Figure 29.69, 

EXITLTE: I /.' .iV 1-1^ If Bi% nm ihen J-L- -i. *o lí í \ i: di = E+L- E^L*0. But 

=0,» £^¿-0. But linee wcaButned á^#ft ihii corrtt^^* Fmd*y^ bw. Thi». ean^l have a 
uní ti h i^i c lee trie I te Id *xhrupi I y dr up lo vero in a región in ^vhtch the magnelic í^eld n constan! - 
E VALIATE: If (he magnelic field tn ihe región isconMant. then Ihe integral fy£-dí musí be xenx 

rfi ■* ir í- 0 



Figure 26,69 

29.70. lo¿\ii*Y ojhI Si.r t'f; Al ihe terminal «peed (he urmird forcé f] excrled on the kiop due lo the induted 

curreni equal* the dwvn%ard forcé of gravity: /'*■ ■ mg. Uar Fq.<29 r 6l lo And the indueedeml in (he *hIc of ihe 

loop that a loully wilhin ihe magnetic ftcld. Hiere i* no induced cmf in the caber tides of the loop. 

Exitlte: f = Ai, / = BmfM méf, -UB -fVr/A 

B*s\ . *nvR 
'--mgúnái\ ■— f-r 

_ p t áx _ 16/yv 
Uflng tbete exprcuion* tbr m and A gires i\ ■ ] ' 

EvaíaaTE: Welco™ p m -K900 IcgW (Table 1J hand "1,72*10* O m 

íTahlc 25 1 1 Taking¿*-0.5 Tgivei v, = 96 cmta. 

Z9.7I. lotAiiM : FoIIoav the *tcpi specilicd m the problern* 

Si:r L'P: (n) The magnelic fiekl región ú xketched tn Figure 29.71. 

Exiiítte: (b) jfí di -O(nocurrcnu¡n the región) Uwng Ihe figure, leí É-Bj for i <0 and B-0 fot y >Q> 

J ^B di ■■ : ■ " L -Obut li i .'' .' l . 1 1 .'i ■ !■ Thitit acontraihciHtn jutd vwUlei Amper Law. 

EVAlAATE: We often ócteríbe a rmgnetie lk!d »h hvmu eonfwed lo* región, but thñ rewilt shott* that the edge* 
of mch i región ean't be iharp* 

t i 



-f — 




— ► 


1 









0^0 



Fizure 29,71 
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29.72. litiMin and Stí Vrz Appk OhnT* law lo ibe dielccIrW lo reíale ib: current in Ihc diclcctric ta thc charge on 
thc píate*. U*c Eq425 J)forihc current andobiainadiJTcrcntiul cquation Ibr Intégrale ihi% cqiuiion toobuin 
4(rrMdi|r>l k- E-qUA oíd Eq.(29.16j ta calcúlate }^ 

t\YX\it\ (*) Applv ÜhirT* law lo thc dictccinc: Thc capacitor i* ikctchcd ín Figure 29.72. 



lizutt 29.7Í 



Thcrwirtanccfforib:d»?lccir*c*bhu R-pd>A. Thu* j<0- — = [3ÍÍÍÍ][— U-íí— . Bul ihc curreni j(r) 

in thc itekctric i* relaicd toibe ratcof change Jtjíft of thccbar$c¿f(ii on ib? piule* by líi ~ -dq¡di la po*ilive * ui thc 
direction ftom thc * lo ibe - plore of ihc capacitor correspondí lo j dccrca*c ín ihc chargcV Uiing thrt in thc abóte 

eives -—-{ — í — \qiiy — - - rfl . Irriegratc rxim *idc* of thb cquation from i - 0, where q - (>. , loa Laicr 

time fwbcn thccharcc aqiil f * — --Í — ! — \Vdt. bf — 1 = - — - — andfffJ)-{V * ***\ Tbcn 

r(0=-— -í-^-V^*** A - — í^— V' ***\ Thc conduclion cumrot fktw% from thc pniimlo 
di Upt.) A \AKp^j 

thc negative píate of ihc capacitor. 



, _ dE „ dE „ dqUYA Utí 

Jr ¿A Aí ! J 

Thc nunut *ign rucan* tfui y (í |i ) i* directed from thc nccativc io Ibe poní tve piale. E í* ftom - lo bul dE\di i* 
negative l£dccrca*ei) *o y b {J) i» ftom - io+. 

EVALUATE: Thcrc n no conduclion current lo and from thc píate* *o thc concept of duplacemenl current, » iih 
j a - —¿ rn thc diekciric. alio»* Ibe curre m to be coniinuou* al thc capacitor. 

29.73. lofcviiH : Tkc conduction current deraity i* relalcd lo Ihc clcctric field by Ohm** law. Ihc duplaccmenl current 
dcn*ity « relalcd lo thc rale of chunge of thc elecnSc tlckl by I q .{2 l ). 16). 

SKI Ur% éSkk - ai£ # co*iw 

EXCftIE: W j> <max> ^ °' 45 ° VAn ■l.96x«>- < W 
/> 2300 íl m 

^^4.91x10- rad^ 
J Ir 2* 

Evalúate: (di Thc two current demme* are oul of pha*e hy W becau*e «oe ha* a *inc function and thc other 
ha* a cohiite. *o thc duplaccmenl current Icud* thc conihicixm current by 90°. 

29.74. loEVnrv: A current i* índuced in thc loop bccau%c of ii* molkm and bccau*c of ihi* current Ihc magnetic fícld 
exerl* a lorquc oo Ibe loop. 

Si r Up: Each wác of Ibe loop ha* m&t* m . 4 and thc cenlcr of ma** of cach *idc U at Ibe center of eucb *idc. The 
flux ihtouch ihc loop ¿* O. - fi.lco*^. 



Inducinn 29-2$ 



txic rit: (a) r ¿ *"UT *ummcd ovcr cach leg. 



7 ' T ''' 



(clockvtuc 



* fll- Misino (coaitiicrclockuitci 



£ BAd BA dé BAfa . , 
cmg-- smo- Mno Inc 



j counlcrctockwiffc lookine to thc -A dacction 



%m'é^ 



Lfi A Thc nct lorque ¡x r - 



,.l:J 



' * R 



dirección ol inc rttlation. 

(bl r ■ /« (/ heing thc momcni of inedia !♦ Aboui thih 




EVALUATE: (el Thc magno»? lorque slow* dov»n ibc fall lance it opposcs ihc gravítaiioiul lorque) 
(d) So me energy i* \m\ through hcai frían thc rc*i&tancc of thc loop. 
29.75. iDEVnrv; Appry Eq (29.10) 

Sin L'p; Uw an inte eral iro poth ihai i» a cirele oTradiui r. Hy lymmctry thc induced clccine Ilcld « ungen! to 
thb paih and conttani in magnúudc at all poinis on ibc path. 

I \ El i 1 1 : (»> Tbc induced clectnc ficld al thc« po*nu b *hown in Figure 29.75a. 

(b) TDWitfkout thcamounl of Ihcclcctríc ficld ihat tt in thc direclton ofthe toopat a general poMiiun* \w wiM use 

thc ccixufin h *hown tn Figure 2°J5b. - EcosO bul £ = ■ . Thcrcforc, 

2vrr 2t(<i co*0> Xtu 



r d*¿ * r 

Bul £■ — — ■ xr — ■ — r — — * ■■' .'. 
¿fr <ft *íí co* í> cir 



ra' Jtf adB 



2za di dt di coi' 0 di 2xa di Id* 

lora ring, obiaincd in Lxcrcuc 29.30, and ha* nodcpcndcncc on ihc pan of thc htop ite p*:k. 

/,£J^ ¿ í^- (02 ° ror 10.0350 T/*> . T3TMlt> -4 A 
~ R~ R di~ R di ~ 1 «J0Í1 



. Thi* i* cxucily thc valúe 



te) 



«^■^■^■^^^^-■■Tfal^ V. Bu* iht* « polcniúl drop r , /* «-L7S * 10^ V, 

thc potcntia) dilTerence ¡* /cío 
EvaIAjAYE: Thcmagnitudcof thc induced cmf bctwccn any two pointi equib thc magnitudes of ihe poicuiul 
drop due lo Ihc cunent thn^iuh thc reatunce uf ihat poriiisn of thc loop. 





Figu re 29,75 

29.76. Jin Min : Apply 1. j^.lOfc 

Skf V?z Use an interna 11*1 puth that i» a circle of ndiui r. By lymmetry thc induced clcclric Ilcld U tangen! to 

thii pain and comunl in magniiudc at all poínlx on Inc puth. 

i \icnt: U) Tbc induced cmf al thoepoint* Uibott-n in Figute 29.76. 

(h) Thc induced cmf on ihe *kIc oí Íx /ero* becau^e thc decirte ficld a ahva\^ perpendicular to thc line ac* 



(e)Ti>cJlcublc thc total cmf m thc loop. £ - Olí. - A— - V —. £ -<0,20 m)'<0.035 T/*I = L40*I0 V 



29-2* Chupín- £* 



(r) Stncc thc loop U unifomi. thc rcítlnancc ta Wngthm 11 onc quartcr of thc total rcsinance Thcrcforc Ib: 
potcntial dHVcrcncc bciwccn a and r U F fc ■ -<7J7xlO~* AKl-WÍ^J)- 1 11 1 * V and thc poim i a al a 
highcr potcnlial sincc ihc currcnt u flowing frotn atoe. 

Eyai i ¿TF.: Thn \ovo ha* thc same rcsisiancc a* thc kiot in Challenge Ptohlcm 29.75 and thc induced currcnt i.i 




F¡gu re 29.76 

29.77. lotvnFY: Thc rnotion of Ibc bar pmducc%an induced currcni and that rcmlt* tn a magnetic forte on thc bar 

Si:t l'P: /\, vt perpendicular lo B . w t% horizontal* Thc vertical componen! of thc normal forte cquaU mg to*o. 
%o thc horizontal componen* of ihc normal forec cquaU mg tan ^ . 

EXJXtlE: (a) Ait ihc rxir siattt to xJhIc. thc llux i* ilccrcj«tie t xo thc curren! flows tu metcate thc flux, utiich 



meam ii ílow» from ti to/> + F ¥ ■ tLB ■™»J 



— ff— -ÜLiW ¿™c¿» — — coi0 At thc icrminal 
Jl R R 



. , ■ Rmv tan* 

Ibc non/onlal forcea balance mi mg tan - eos p ana i\ ■ -jy 



R R til R di R R LB 

id} r^i /u — _ — . 

re> j5-mv-49-<«i *2**^U<( and a-**^ 1 * 



ey co*(> ) - i 

EVaj i Alt: Thc poner ¡n part (c>cqual* that in pan id), ai k rcquircd by corocrvition of cncrgy. 
29.78. 1 iti m im : Follow thc sicpi indicatcd ín ihc probknv 

Skf 1.=p: Thc pnmary a»umpi»n throughoui ihc problcm u that Ihc acuate patch ¡* irnall cnough mi that thc 
vclocitv a connant over it% wholc arca, that v ^ ab* a mi* 



EXCCLTE: (m) a» clockwLtc. B -* into poge. €~\Bl 
nutwunt .4 i* jusl ihc crovi»xeclional arca r£ + Thcrcforc, / - 



f- — = a Sincc i* * poini-% 

ílowntg radiallv ouiward mikc r ■* JK poínli 



DUtWBld 

(b) i**d*F and F. ^ fLxB- ILB poinbng counictckickwUc. So r 



pKtinhng oui of ihc ruge la 



counicrclocktt'iic torque oppoting thc clockwiic roiattoní. 

(c) If -* coraicrclockwif c and B — • ¡niopage* then / » inward radial ly since i* ' pmnL% inward. 

r — > cLockwÍKC (agaüi oppotmg ihc n*jlion) + Jf a» -♦ counicrclockwtic and B -*o\il ofthe pace, then / — »mdia)ly 

nutwanl. r ->clockuUc (oppotmg ihc motion) 

Thc magnitudes of / and r are thc «ame as in pan (a). 

EVaLí'ATE: In cach ca«c ihc magnetic hirquc duc to thc induccd currcnl opposci thc tolalíon of ihc d«k, ai 11 
rcquircd b\' con>cix r ai»n of 



INDUCTANC 



30 



MU. [ut.\iih\ mi Su i r: Applv liq.(30.4K 



EXEOITB: 



-13,25" 10* IIHKJO A>*)«0.270 V; ye*, ¡til 



(l>> ¡ | tf — ; MUapro¡Krt\of ihcpairof coiU thcsamca* ttipait (a)*Thu* |£j- 0.270 V 
EVALt'AYE: The induced cmf h thc *amc in cithcr case. A coiuiani rfutfr 



30.2. lotvnn: :\ - M 





and 














í 



, where <t>. . u the flux ihrouch onc tum i>f ihe sccood 



raíl. 

Sef L t p: *W \y (he vame whcíher we consideran cmf induced in coit I or in coil 2. 

EJOCiro (*) A/ ! — . 1— liíL-L r s: ■ . j ' H-6J2 mil 
|lí,/df| 0.242 A 1 * 



ÍS2*I0 1 IIH0.36\1A'*) = 2.4ó*l0 ' V = 146mV 



EVaLí'ATE: Wccancxprrvs A/eitber inlemisof thc total llux ihrough onc cari praduced by aciirreni ¡nlbe 
otber cfnL or in terrm of Ibecinf ¡rxluccd in or>c coil by 4 changmg currcnl in thcothcr coil. 
Idímuv Rcplacc untu of Wb, A and íl hy ihcir equivalente. 

StfVtz IWb-IT>m*. IT-tMÍA'm). IN m-l J. LA-IO*. IV-1JC LV/A-]fl 
f mot lffl IH«1 WA-ITV/A-IN -«VA 1 *1 J/A J - l<J¿lA*qH = HV/Af*- líl v 

CVAl.i: ate: We mav uic tvhichcvcr equivalen! unil b (he mcut comenten t in a particular problcm. 
39.4. iDEVnrv: Changing flux from onc objcci induce* in cmf in another objeet 
(a) Se r Vr: The magnclic ficW due lo a lolcnoíd i* - p n ní, 
ExEtLTE: The abare Ibrmula give* 

(4t*I0 7 T - m 'A )( 300 kO. 1 20 A) 

A -í ¡1 - --LHUI0 H T 

0.250 m 

The average (lux ihruugh each lurn of ibc ¡nner ¿olcnotd » therefore 

H¿»|L&KI0^ T|Ti©OIO0mV -5.6K*10' Wb 
(h) Set I.'p: Ibcilux b (he xame ihrough each tumof bom *olcr>oid* duc lo ibc geometry* w> 



t'M2 . 



(25)(5^Sv]0* Wb) 

KXiittTE: Af - : 1-UHxlO * II 

0.120 A 

(OStilP: Thí induced cmf U £>-M¿> 

EXECLTE: ^--(UgxlO* 1 1 |l 1 750 A 1 ») - -0.0207 V 
EvaUíaTE: A mutual inductance around 10 * II jv not unrcasonablc 



3*2 Ch*ptrr3fl 



30.5. iDDfim andSsrllp: Apply Eq.í30.S). 

Nz&a 400Í0.0320 Wb} „ M „ 
\ 6,52 A 

<b) l/,^„O,,^J L96H ^ A ^7.1lKl0^Wb 
* ' í, ■ »V ( 700 

EVALUATE: .1/ relate* thc curren) m onc coil lo thc flux Ihrough thc oiber coü. Eq.<30,5) shows thai .1/ i* thc 
same forapair of coils, no maitcr ifrhich onc ha* thc currcnt and whieh onc ha» thc flux, 

30.6. Idiviih: A changinc currcni ¡nan inductor induce* un cmf ¡n n. 

(a) Sfc l UPS Thc *clf indueianec oía totuidal wlcnoid u £ - Ü^Li 

EXECUIt: ^<4,.IO'T-m l A»50Q»',62S.ID-n,' l=7g|i<|0 -,„ 

2.t(0 + CM00 m) 

<h)SiIT Up: The magniludc of ihc induced cmf i* £■ lí.. 

EX re i te: g-(ZSlxl^ll/^ A - 2 J° A 1-fl.7glV 
1 \ 300x10'* J 

(c)Thc currcnt U decrcasing, so thc induced cmf will be ¡n Ihc tune dircciion a* (he currcnt which i* from atoh 
making ^ al a higher potcniial trun a. 

Evaíiate: Thís » j rcjsonahle valué f<* *df>jndue lance, ¡n ihc range of j mil. 



30.7. lDi>iit\: £ = í 



u 



and ¿ - — — 
i 



UP: — ■ 0.06*0 A^s 
Ai 

lac™ <m)¿ -—£—-- 0 0160 v ^Q25QH 

|3>-'A#| 0.0640 A 1 * 

<h) Thc average flux ihrough eucb tan i* *, - 10 250 11 H ° 730 A> ■ 4.50* 10"* Wb. 

N 400 

EvalItaTE: Thc sclf-induccd cmf dependí on (he rale of change of flux and ihcrcforc 00 ibe rale of change of 
(he curre ni. nol on (he valué of (he curre ni 
30.S. loEVnry: Combine ihc i^x) cxptc«iom for¿: ¿■^O í //»d L-£{did(l 

Sef Up: <t* t ñ thc uverage flux through onc tumof thc solcnonl. 

EXECliTE: Solving for iV *v have N ■ f 1 tf> 1 d . iV i ■ * 12< ** 10 VkMOA) _ 
* " ' <0.O0285Wb«OO;6OA ^ 

EVALUATE: The induced cmf dependk *m ihc lime ratc of change of (he total flux ihrough ihc lolcnoid. 

30.9. iDDfim andSEl Up: Apply |£|-¿|(/í ttt\ Apply Lera'* liw to determine ihc direction of ihc indu^cd cmfm 

(he coíl. 

EXECim U> Ud¡¡dí) = (0,260 IIJ<0.01H0 A*)-4.6Ky 10 1 V 

(b) Terminal tí 1*1 ai a higher poieniial %¡ncc \ht coil puthci currcni ihrou^h Irom hto a and if rcplaced by a 
baitcry il would have ihc ♦ terminal al *; 

EVaj i aie: Thc mduced cmf t% directed *o a» 10 oppcnc thc ¿cercase m Ihc currcrtL 

10.10. iDDfimr: Apoly 

di 



lP: Thc mduced emf poinu from Un\ poicntial lo hi^h r^tcntial aenm (he inductor* 
ExCtuTE: (a) The induced emf poínt» from k lo ¿t. ¡n Ihedffecticm of Ihc eurrent. Thcrcforc* ihc eurrent b 
decreasing and thc Lttduccd cmf is directed to oppo*c lhi& dccrcaie. 

<l>) II ;.|At ü[ w |AÍ/Aj| = r^.X-lT04 V) (0.260 11} -4 00 Ai* In 2 .00 k thc decrea%c in t U H.(H) A and ihc 
currcni al 2.0Q \ \% 12.0 A-8.0 A -4.0 A. 

EVALi ATE: Whcn Ihc eurrent U decrcuicing thc end of ihc inductor where thc curren! caler* is al thc lower 
potcntíal. TnÍ&agrcc*withouTrcsuli and with figure 30.6d in ihc (cxtbook. 
10.11. iDEvnn aixIStrllp: Uic .< 30.6) lo reble ¿ to thc flux ihrough each lurn of Ihc ¡olcnoid* Uic Eq.(2H^3) Ib 
thc mainel ic ficld throush ihc mü^:í 



EXECUTE: I — i, Ifthc magnctic ficld i* uniform in*¡cfc thciolcnoid <P ¿ - BÁ, Frora Eq(2E2J)< 
j 



EVALUATE: Our rc*ult » thc same * £ for a lorodial tolcnoid calculaicd in Examplc 30.3. cxcept tfiai the 
avcragc circumfcrcnce Lrr of thc toroid ¡* rcplaícd by thc kngth / of ihc *lraighi soknoid 
34.12. Idi Min and Sin IIp: Thc siorcd eoogy i» t/ = Ib: ratc al which ihcrmalcner© iidcvclopcdi»y > -/ , JL 
EXEC IJTE: (m) V =±Lt* =±(12.0 11*0.300 A)* * 0.540 J 

<b) r=t ! R= (0,300 A) } d so í i) = 1 6 r : w = i g : s/% 

l- \ u mii : (c) N' If / 1% corarani ihcn thc tforcd cncrgy V i* coralanL Thc cncrgy bcing coraumcd by thc 
rcsisiancc of thc inductor come* frtim thc cmf *ourcc thal nnintaim thc currcni; it doc* not come Irom ihccnerjiy 
iiorcd in thc inductor 

30. LV (DíMih iuISu Ip: Uic I vj ( Mis»» lo relate tbe cncrg> slorcd lo thc inihiciancc. lixamnk 30,3 gira thc 
inductince of* loroidal %olenoid lo be L - ' %o once i*e fcnow 1 we can ictvc for N. 

ExECOTJE; U-¿¿J*jo¿--^= 2(QJ9 °? =£417x10 ' II 
J J 1 (120 AV 



_ 2T<ai50m)uMI7*l0'H> , pC/t 
J M ~ l^ 4 ** 10 T-n*'A>í5,0D*l0* nV) " 
EyaUtaTE: £ and henee V ¡nercasc according to thc «quarc of *V 
30, 1 4. IdevII»: A currcnt*earrying tnduclor ha* a rnagncltc ficld iniidcof it*clf and henee itorci irognctic 

(a) Sfc r llr: Thc magnctic fieM in*¡óc a torotdal solcnoid is B 

E^tt»: g -^ (3Q ° XSOOA> -23Q»Hr 1 T-2.50mT 
2.r(0, 120 m) 

(b) Sf.T Up: Tbe *clf-inductancc of a toroidal ndenoid is £ -£j^_l t 

f¿ <4 ff . l Q'T-n,AK30D t '(4.00. l O'^ > = 6M " |) , || 

: -ío.o: 20 m> 

(etSul.p: Thc cnergy %iorcd in un inductor i* tA ~±£/ . 
EWXUIE: (/¿s^&OOxIO^ 1IM5 <Hí A) : ¿7.50x10"* J 

(d)SEf Up: Tbe energy deniity in a tnagncltc íickJ ü u 

^.u: ,,. (2.S0..0-T,' =2J9JW 
2*4*xHr T m'A) 

TJb,lg4j r .u»j^ 

votomc 2*nl 2vr(O.I20mK4QOxlO"* rif) 
EVALUATE: An inductor store* itsencrgy in ihc magnetic lleld mude of it. 

iDfcxim: A eurrcnt<eamin^ inductor ha* a rnagnelK ticld insideof itself and henee rtorc* nugnetie 
{a) St r Up: Thc magnciic fiekl incide a ¿olcnoid tí B - ¿tjif 
EXECtlE: g ,'4 T . l 0-T.m l AK4 O 0KS0.0A,. p|6|T 

0.2 50 m 

(b) Su Vvz Tbe eneruv ocnuiv in a rnagnelic fietd i» u ■ . 

EXECU1E: (D 161 T)> « 1.03x10* J/m 1 

2<4txI0 TmA) 

<e>S£T U- Tbeioial*oredencrgy Uls-iir. 

I \m f r i : C/=tfr = u>|¿f)=(1.03xl0 á lm'X0.25OroX0 + 500x1O 4 m : )-0.l29 J 
<d)S£i UP: Tbe cncrg> ilored in an inductor \*U-±U'. 
ÜXKttTE: Solving for¿ and nutring in ihe numbers givet 

2t/ s 2 ( 0.129J) = 

~ (SO.OA)* 

EVAUTATE: An inductor rtcee* iuencruy in Ihe maunetie ficld iñude ofit 



3*4 Chupín- 



30.16. iDBfnm Energy - Pt . Ü 
Sn UP: P » 200 W - 200 Inj 

EJOCITO (a) Ijwtgy Wji24 h)<360Ü *ti) - 1 71- Hl" J 

EVALUATE: A Urge vahie of ¿ and a laigc cunent ttoukl be reuuirvd. )utt for onc light bulb. Alto* che rc*i*tancc 
of thc inductor would tuve lo be very imall 4 to jyokI «i largc P ■ rale of eléctrica! cncrgy lo*». 
JO. 17. loísmo andStf Lp: Surnng wnh Eq. (30.9), folio»* exactly ib: »ame acp* a* in ihc lext exccpi that Iho 
magnelic rvrmoabihiy u i* uved in place oí 

EXECDE: l ung ¿ and fi¿ givrx u — . 



EVALUATE: Fot a given valúe of fl, the cncrgy demity ¡* lew when u Urgcr iban//, - 

30.18. lotvim andSrrUP: I he cncrg) demity (cncrgy perunil volume) in a maenctie field lin \ucuumi i« given by 

U B* 

fi J (0.600 Tr 

»Tg 

J s |M, p^^tO T-m'A)(160*10* J) M „ T 

V V y (0.400 m|* 

EVALUATE: Largc-icate cnergy «turjgc in a maenctic fícld a rxH pracitcal. Thc volunte in pan (al it quite 
jnd thc fícld in pwt (b}would be very diflkult lo achicvc> 

30.19. lotvnrv; Apply KirctaholT* loop nik lo tbe cirwnl. <{t) i% given by Eq.130.14). 
S\ r U*i Ibe rinzmt a *kctehcd in Figure 30. 1 9. 



ilgprc 30.19 

I-ah LIE: f-Vj-^aO 

f-a-i.-=o«>j=£(i-ff UllM ) 



— « nositisc at the cuncni 
nrrTTTT írtMii us milial va!i>; oí zcm. 



L>)imualty(f-0>.i-0«> f-t—^0 

di 

¿i £ 6 .00 V 



■240 A i 



A ¿ 2.50 N 



[b) £-iR-l¿LmQ (Use AbcoAiaiíonraih«ilttnEq.(30.l5)nnce 

Thm - f ~' R - 6 00 v ~ <aso ° A *"° n> - ^ ^r» 

<ft i LSD II 



^,_^.- í a i *™»«j mO7S0A(l _^*. )B|)4| 3 A 



(d) 1 mi tfcady tute mean* f -» n and — -»0, n 

jv K.oon 

E VALÍA TE: Ourn:suluigrcei*ilbFig.30.l2Ín(ne texlbook. Thecurrcnl i* ininally zeto and incre^et toib 
Hnal vahic of íMí* Tbe slopc of the currcni in ihc figure, unicb b rf; J/. tewi with l 



Indutttoce JO-S 



30.20. Idemih : The currcni decay* cxponcntully* 
SEf Up Ato opening the iwichu ihc curren* n imljt** r w¿ the timccon*iant » r*-UJt 
EXIXI ií : (i)TrK¡n¡lialcurrent ¡s / t -(6 JO V>'(l5.0fi) - 0.420 A. New lolve for¿andpul ¡n loe 

b,| D - 2IOA 

V 0.420 A 

(h> r - LR - (43 J mllH 15.0 íl) - 2M m> 

<c)Soh* for^gÍving/^-rUi|j /,>^H2 + S9 n»)ln(0J>IQ0)«l3Jra 

EVALUATE: lo Icm than 5 time constante Ihc currcnt U ocily 1% i>f ¡be initul viluc. 

30.21. IdevtifY: > * £ -r -'), wiib r-I/fc The encrgy »tored in ihe inductor i* ü =|If*. 
Skf Lp: Tbe máximum current oceure 4lWr a long lime and a cuual lo 

lUOH B u. r^-ZR %o jaí^ *2wbeti ll-r^J-i «id f 

£ln2 (lo2Kl.25*IO~ l II) 
r 1 7. j ¿i* 

50.0 n 

WU^iV^ when ¿«i^/JI. I'-** *l/j2, » ■ 1 - l/JÍ - 0.2929, f - -¿lo (0.2929).* - 30,7 j*. 
E VALI 1 ATE: r-l./í -2.50*10* * = 25.0 jo* The time mpart<a)¡£ 0.692r and tbe time inpari{b)b I23r. 

30.22. lotvnn: WjH S, clotodand S : opeo. J(f) i«¿ivcn by Bq)0U4> Wiih S.opetiand 5 ; ctomi ¿<j>ttg¡ven 
byBq430.ll>. 

Sur Lp: f. - ~Lt\ Aficr 5 ha» becncloxcd a long time. i has reached iti final valué of / - *' R. 



WXMí i ti: 



fJ(G.I60Jp 

EXIXLTE: (■) U «±¿-T aod J — "ip -2.13 A. € -fl?-<2.13 AK120n>-256 V. 

fs -LM>) s - an5H ln(4 t= 3J2xlO-». 
2ff 2Ü20ÍH 

E\ alíate: ^-9-5RxlO* L The tioie m pul <b) i* r1n(2) 2-0.347r. 

30.23. iDtvnn : L na* unit* of II and R ha* urál* of Q . 
SETUP: IH-Ifl-i 

EXECtTE: L'iutoaf LA - II Q- (íl *) £l-t - urarx of time. 

EVALUATE : Ri'L ■ /' r is dimenikmlci*. 

30.24. lotMirv: Apply the loop rule. 

Si:r l'P: In apptying loe loop rule., go ¿round thecircuii in the dirección of ihe curren!. The volugc aero** the 

-Ldiids. 

E VALUATE: di\ét \% negatí^e; w there b a potetilial riie jerou the inductor; poíol ¿ u< higher poicntial th?.n 
po«nt h* Tóete i* a noiential úxop ¿crot* ihe resistor. 

30.25. IDKNIIPK Apply the concepu of curreni decay in m R-L circuit. Apply ihe loop rule lo ibe círcuiL í(r> is given 
by EqX30.1Hk The voliage fteron the resistor dependí on i jaü the xntliage acrws ihe inductt^ dependa ixi dt J¡ 
Stí L T P: Tbe circuii ■ : I 5, eUued juid S t open i* «ketched io Figure 30 JSa. 

R L 
ngpn 30.25u 

Con^iant currem e%iab|uhed me^n*. — — Ol 

é 

EJECUTE: í»£.Í££V.*2MA 
J? 24011 



Ch* P ttrJfl 



(a) Su l>: The circuí t wiih S 2 clo&cd and .S, open k *hown in Figure 30.25b. 

Al/ = 0.j-/ f -0-250A 



ir 

Thc inductor prcvcnti an ¡nitanunoout ctungc in thc curren!; thc curren! in Ihc inductor ju*i after .S\ U clo*cd and 
5, íx opened cqmth ihc current in Ihc Inductor jusl before thi* b done* 

ícISCT Up: Scc Figure M25c. 



R L 



Figure 30.25c 

ExkclTE: Ifwc Iracc around ihc ktop in thc dircciton of thc curren i ihc potential falta a« wc travcl ihrough thc 
raifflor «o ¡t muM riie a* »c pavt ihrouch ihc inductor: > 0 and i\ m < 0. So pomt c i* al higher poteniial than 
potnt fr. 

Op, v rf «v rf *jtf-(ail7 A>í240íl)-3L9 V 

Taktng natural logi of boih *idc% oí thü ccjualion giv-e* ln(¿>- -/f//¿ 
I 240 n ) 

EVAJ.lAYE: Thc currcni dccav* + asxhown in Fig. 30 13 m Ihc lextbook. Thc lime crralunt i% r-li'A-6*67* 10 * %. 
The valúes of i in ihc problcrn are leu iban onc time comtanl. At any inútil ihc noicntial drop acra» ihc resistor 
(in thc direction of ibccurrcnt) couak tbc poicntial riso acrotu thc inductor. 

34.26. iDEvnrv: Appty Eo^J&WX 

dt 

Si:r UP: - ÍR. r k - L — > Thc current i* increasing, so ispositivc 
A 

I \a \ ii ui V .■ i j=0. i-^ -0aodv fc -60V. 

<b> A* f -*fc, Mid i/i .' i/r tt -*60 Vand \\ -t 0. 

(c) When > m O.iSO A* i^«íf- J6\0 V and v fc = 60.0 V - J60 V = 24-0 V. 

EVAttAIE: Alall f-i.,!^ a& reejuired by Ihc loop rule. 

30.27. IdestoY: Ht\ w giren by Eq (JO.M). 

Sir l.p; Ihc powcr mpui trom Ihc baticcy ¡s í; Thc rale of dissipalion of cncrgy in ihc rcsisiancc ¡s t'R. Thc 
votiagc across thc inductor ha* magnúudc Ldt'dt* «o thc ra te ai wh^h cncrgy \% being slorcd in thc inductor U 

/ , -^450W)(l-^ u,4 * ,l ). 

di R \L }H 

JJ«,4.50W)|c^ É ^^*-). 

EVALUATE: (d)Notcihat if i*c expand thc «quire in parí (bp. then partt|b)dnd<c)addtoipx*crart (al and thc 
total pon er del ivered U diuirntcd in ihc rctinlor and indiKlcc. Conscrvaiim of cnciuv tcquirc% thxt thü be to. 



30.28. Idíviim; An £-Ccircuit oscillalc** with thc cnergy going back and torih bctwcen ihc inductor ar 

(a) Strrllr: The (requenev b / - _2L and ¿y - il ■ t itivtnjr f m \ 

2t JlC 2j¡JLC 

EXECLTE: / , 1 1 -2.IAx1Q l Hj:-2,13kH/ 

2* J|0.280x 10 1 1 1 H 20.0 * 1 0* F) 

(b) SKI UP: Thc cnergy *lored in a capacitar i* V =XCV i . 
£XEC 1JTE: 1/ =£<2ú\0xl0* FXISO.O Ví a =0.225 J 

;om i I r: Ihecurrcnt m thecircuiib j - -vfJtma* . «til thc cncrgy ifrred in ihc inductor i* U^^Li*. 
EX1XDE: Firsl find <vand {>. <w-2pT/- 1.336 x lli'radi. 

£>-Cr-<2a0x 10*F)(IS0.0Vl-3.00x ÍO 'C 

Now calcúlale (he current : 

j - -(1.136 x lO^í3d*)!VO0x 10 1 C)*in(<1.336* 10*rad*Kl.30 y 10 1 s)] 
Noticc thal thc ar cunten! of ihc *inc i* in/Wiiííi^ *o convert ¡t la degrcciif necestory, The rctuJi iií™ — 39,92 A 
findüicwrgyioibcindiicior. ü-ilí* =4(0.280x10 1 HX-39,92 Aj J ^0.223 J 

E Valí ATE: Al the cod of 1 .30 im. ncarly al) thc cncrgy is now ¡n thc inductor, Icavwg very llltle in thc caruotot 

30.29. Id£Vuf\; Thc cncrgy move* back and Ibnh bctwccn Ihc inductor and capacitar. 

(■)SiTlIr ThctwriodU - — ! — = — ~2tJIc. 

/ a» 2t ai 

Kxi ttlE: Solving for ¿ uncí 

¿ = J-_ = ,K.60. I Q-^ j2 . S0 „ 0 > M . 2S . 0n| ,, 
4*'C 4t*(7.S0"10^C) 

(b) Skt Lip: Thc chance *m a capacitor h Q - CK 
CxiXtlE: £-CT-(7.50* 10 * F)(I2J> V) - 9.0O x 10 'C 
ai Sil Up: The tfored encrgy isl/- ^C. 

(9,00x10 'Cl* 

EXECUIE: V 5.40xlO* T J 

2(7.S0xl0^F) 

<d)SKl t'P: Ihc máximum current oceura when ibc capacitor ii¡ duchar^cd. mi thc inductor ha* all thc Kutial 
EXECim Solvc fbr the currcni 



r . p^T . |2(5.40xl0- J( 
V L V 2,50 > ¡0 M 



&5Sx10 * A-6.5K niA 



E VALIATE: Thc encrgy o*o Hale* back and Ibnb forever. HcwcTCr if there ii any rcüitancc m thc circuid no 
matlcr b*nv imall. all thii encruy will eventual \y be diaipaicd ai heal in thc rcaiftlor. 
30.30. iDKXtirV: TTie cüxuit i» dcscríbed in Figure 30 14 oí thc tcMbook. 

Si.r t'P: Tlvcncrgy «tored in ihc induclor í*¿j* ^¿/J and thc cnerjiy ^ lo red in thc capacitor is f 2C. Initially, 

U s *$Cr\ wiüi K = 12.0V. Theperiodi>ro*cUUi™u T ~2¿tjLC -2aJi\2,Q*\0 1 HMl8.0xl0 * Fl = 2.92 m* ( 
I 'm . t : - 1 L [vrey conMT\aiHmia>s V (maxi - C. 1 * Imaxl and -Ai" "ICK 5 . 



(b) Fnam Figure 30.14 ni thc tefttbook. f-ttf 1-174- 0.730 mi and * i - 37* 4 - 2 19 rm 

\c} q,. -Cy = 418 pF)(22.5 V) = 405 yjC i& ibe máximum char$: tm ihc platci Tnc etanhiore «ketched in 

Figure 30.30. q relers lo thc charge on eoe piale and thc *ign of i indicatcs thc dircelion of thectirrenl. 

EVAUiATE: If tnc conacho? i* fully charged al f - 0 U \% íullv chateed a^ain al r ■ 172. but with ibe onpoutc nolaril\ 




3M fh*pttrJfl 



30 .31. lo* \im and Su Lp: Thc angular frequeney ¡x given by Eqj30.22>. and r<0 ürv given hy EqM30>2 1 1 and 
0023} Theencrg} rtfmri in ihc capacitor i* í/ ( =|CK J .. :-: The cncrgv siorcdin thc inductor u ^ . 

ExCCUTE: (a) ai- / - ■ * ■ - i 05.4 racV&> whktiroundi lo 105 raeVi. Thcpcriod w 

J¿C J(l50H)(ix00xl0* F) 

(b) Thccircuii conuimng thc baticry and capacitor » xketched in Figure 30 .31. 
É-I10V f _£ B|) 



C 

0=ÍC = <I1O Vmmn» 4 F)-7.20xlO~* c 

<T c 
Fipirt 30J1 

(c> ÍZ-fCr' -^6.00x10 "* FXI2.0 V| ¡ -4,32x10*' J 

? - {Jot*** -(720x10 * C)co*[10S 4 rad*ÍOM30*)j - -5.42* 10^ C 

I \\i¿ .'i - . n . Tim ^ j^ji mcaru ihai thc capacitor tus di ^chsr cvd luí ly And then pjrt ial ly chatued auaxn by thc curren! 
mamtaincd by thc inducios thc piale ihat i m tu II v Kni poiitivc charge now ha* ncgaiivc charle and ihc piale tlui 
miiialry had negauve charge now has poiitivc charge. 

r - -<I05 rjd su ? 20 - 10 * í isinl|l«5 4 rad tH0.0230 i]) m -0.050 A 

Thc ncgativc tign mean* thc curren! i* counicrcktckwifto ¡n Figure 30.15 m thc tcxtbooL 

DT 

9 ¡ & 



i - 1<I05 iad'*>J(7.20> 10 * C> ; -(-5.42x10"* C)' = eO.050 A. whlch thecki 



2C 2(6.00*10^ F| 
-WJ 1 -tA-» HX0.050 A)* i 1.87 x 10 1 J 
EVAUiAIE: Xoteihn t; +1/^ - 2.45* 10 1 J*l«7xl0 * J -4.32x10 1 J. 

Tlm aerees wilh thc toUl cnergy ¡nilallv itorcd ín Ihc caracilor. 6* - ^ 7 ^° x ^ O «4,32x10 * J. 
^ w J ^ 2C 2(6.00* 10 k F> 

Fncrgy u con*med. Al tome time* ihere i* cnergy ftlored ín boih thc capacitor nd Ihc inductor. Whcrt i ™ 0 all thc 
cnergy is ¿tnred ¡n ihc capacitor and uhen^ ~ 0 all thc cnergy inlorcd m thc inductor. Ilui at all limci thc total 
cnergy uored t% ihe ¿ame. 

341.32. iDKVtlFY: " - ^ - *-f 

Si;r L t p: ai n thc angular frequeney in rad'% and / i* ihc corrciporHling frequeney in 11/ 

^ Ht 'B7T , ^i,,i-'r¿ia^ii , " lJ|4li 

(b) Thc máximum capaciunce corrc«pond> lo ihc mínimum Ircquency. 

C U— - — ■ , — U -3.67xlO M F=36.7pF 

"* 4^(5.40x10* HxV(2.37xl0 Ih 

EyaUtaTE: To vary /b}* a faclor orthrec <appn>ximatcly ihc range in ihii problcm). C muil be varied by a feetc* 
ofrwne 

30.33. iDCVtirv: ^\pp(y cnergy conscrvalion and tqv (30.22) and ( 30-23 X 

SEXVfi lífn thc máximum currenU -/./ - ¿ Forihc uiductcc, U t *}Li\ 

ZxiCL TE: (a) - ^ gives Q-iJlC = (0.750 A)J(0.0ft» 1IK1.25kI0~* F) = 7.50x 10* C- 

(b) ftí^-i---, 1 1 .00x10' radi. /--^--I.S9xir/Hz. 

JIC J(0.0ffl)0 H)(L25xKr F) 2t 



Inductaocc 



M H - Q ¡>l f - O mean* e 0 * -rf/^m* v i . no 

* - -<l.«P-]0" rad*H7,50xlO* C)*ra(|l. 00x10* r»d*||2.50-IO 1 = -0.7279 A. 
Ut *ÍL? a±tf)Xm IEK -0.7279 A) ; -00212 J . 

E VALIATE: Thc total cnergYof thc *y*tcra is ^U 3 - 0.0225 J . Al í - 150 m% , ihe curtent i* cloie id ib 

máximum valúe and mo*l of thc lyitcnV* cncrgy i* tlored in thc inductor 
10.34. IdevhfV: Apply 1-4(3025» 

KUllHB U) y¿C • <?»¿ W JZC «<0.*50xl0"* AÜpMSQ 111(3.20x10 ' f) -4,43-10*' C 



EVAUiAIE: Thc valúe tif ^ «Iculaled In pin |M a Iculhan thc máximum valúe pcakrublrd in parl<a). 
M.J5. Idi.siih: q-QcmlúH'^aad i --aQxiUanfi) 

sntte v € -¿-.u t -iW. 

t/ r4fel i* a contlani 

CVAl-t ate: Eqvf30.21) and (30.23) are comuicni with coQicn-aiKHt of cncrgy in lhc/.»Ccircuil* 

30.36. lo* vil* V Evalúale — — and ¡mert into 20>. 

Si t Un bjuulion (30.20) b - eft 

I ■ \u LIE: q -Qm(o>i ^ÍÍ--wQtín(ttf + ^JL. ■-<■/ o wv.wt 

di ljV 

A" 7c' * £C Y LC 7¿c 

EVALtAYE: Thc valúe of ^depcod» on ihc initiul condilionis Ibe valúe of<pat r - 0 . 

30.37. lo* muy; Htc unit of £ ¡* II and (he urál of Cb F. 

SttUn CmffTj »ay* I F=IOV. HUI WA-I V<lVC- 

EXECLTE: I H F-(l V i J CHI C/V) = l ^*Tbcfefore*¿rha»utiÍtiof i j and -JlC ha» unitsoft 

EVALUATE: Our rcsult *how* that **m is dimcn&ianlcxt* linee g> ■ \ i>¡LC . 

30.38. lofA'im: Hic prc*cncc of rcibiancc in an¿-A-Ceírcuil allcctt the frco.uciKY of owillation and cause* ihe 
amplrtudc of Ibe ottillaliom lo acercase over hioe, 

r¡ — F~ 

(a)StrUr: Thc ftequenev ofdampcd orillábaos ú &'-A — - — f. 



^(22«I0'II)(I»mI0-F) 4(22.10 'II)' 

The feqiiency /í» S S0 '^' radt = S.76 * I & II, - 8.76 kl b . 

Ib) Su L'p: Thc ,i .1. . : . ■ ■ u /«II - 
EXECIIE: Solí .n? d>r í and piHing in ibe numben gim: 

-2£N^/4i) -2(2M»clO > ll|NO.lOO) 



75 0 ii 



L35xlO L35 



(c) Ski Up: At critica! dumping* R ■ JiUc . 

(4(220-10 *nj 

EXEf LIE: R - J— — 1 = 2420 II 

¥ 15 0x10 F 

EVALUATE: The fretpicncy wiih darnptng i* almoil ihc same ai ihc rcwnancc ftcqucncy of thiicircuil ( l'</Zc ). 
A h h»ch h plausible bccau*c thc 75ilrcwstance i* coiteicferahly le** than ihc 2420H requered for crilical danving. 



30.39. lotviuv Füllow thc procedure fcpcviíicd in 

Stí L T P: Makc thcttta(itui»orRx-»4*jtv-»£* 6-> R* i 

EXECLTE: f J ' l i . i l v 1 J i : 1—1 ■ — — * ll 0 . Ilu-. becomci -1-1 - iíl¿ í _lL _ 0 . whkh i* lü 1 10 27 t 

H IT mdí m 1F Ldí LC * 



(b) Ha (13.43): w'-J — . Iht* necome* « = LL-_p, which ¡a Eq,( 30,29), 

* «i 4m~ 11C 4¿* 

i o l i i : h." . t = '^"coMft/f *¿) . Tbi* becorne* 4 - <4c 1 1 'crafr/f 1 0» * unten » l\| (30 2H| 

EvaIAjAYE: ta|U4tion* íbr (he ¿»#-Cc¡n:ii¡land lora damped harmonic o*cillalor bave thc mto Ibrm. 
30.40. lofcvnn : For pan (afc cvahialc thc dcrivaiivc* aa inccifcd in thc problcm. For part ib) *ct q-Q ¡n Eqf 302&) 

and sel <tq dt - 0 in ibc cxprc*»ori for tkf\dt * 

2¿ 



d'a Rdq q \¡ R Y ,¡ R~ rt fl i R 



di' Ldt LC \\1L) 2L' LC ) LC 41' 

(M Al f -0. a aO.>-^ = 0.ED a -^cttí0-H and — - --^-Acortó- a> Aun ¿ - 0 Th¡* givc» ^ ■ and 
ífr al 2L 

R R 

tan¿-- 1 

21*/ 2Ljl 4L* 

EVALUATE: ir il-O.thcn .1 - O and ¿ - 0 

30.41. lotvnrs; f-vahulc Eq><M29). 

Skf L t p: Ihc angular Ircqucocy of ibccircuil i» a/ . 

ExiXiiYE: U)^Vhcn <> - fk *-\ - / - - 1 - ->og *At« 

JLC ^0.4501^(2.50x10^ F) 

j»Wcw-t-?--0.9S im ^ ¿C "^^ ) »l-£^-(a9S) > .Tb«yv a 

V¿C 41 



EVALiATE: Whcn /í incrcaics. thc angular frequeney dccrca>ci and apnroachci /cn> ai ií > iJTtC - 

30.42. lof s nrs ; 1 vnki itÍ II and Chai muts ofF. 

ScrUVS I ll-in *. C=qlV*ny% I F^IOV. K*/JV4ay« l V/A-IO* 

txictlE: Thcuniu tM 1 Care II 11-1 Il-L £¡ . Thcrdorc thc unit of JlT ii £1 

F Cj V A 

1 JI 1 f— 

EVAIA'ATE: Fot Eq.(30.2S) lo be valid. — and — :m:,t h;iw tbc same unitivo R and jUc muti ha^e 

*amc unitt. and wc lu\c «hown thal ihi% is indeed ibc ca%c. 

30.43. lotsnrv: Thc cmf í'. In sokmoid 2 produ^cd by changing curre nt i. in wlcnoid I iigivcn by 5¡ - A/ 

mutual induciancc of two «olcnoidi kderived in Bxarnplc 30. L For thc tw) solcnoidiin \hn ptublcm 
.1/ - M*^S t $ 3 ^ ^here A \% Ihc croiet-scciional arca of thc inner %oknoid and / U thc krngth of thc outer lolcnoid 



1L 



Skf Up: «, - 4.t * 10 T + m'A . Leí thc outcr wlcnoid be xc4enmd 



0300 m 

si2n»10'- 11X37.5 A*)- 1.08*10* V 



EyaLí'ATE: If curren! ¡n ibc inner soteno h! changed al 37.5 A Ibc cmf ¡nduced ín thc oulcr wlcnoid would be 

1.Wk|0~* V. 

3144, iDDfllPK Apply f--£— and ¿/-JVttj. 

m 

SEF L t p: <1* t n thc flux ihrough onc turo. 

EXECLIE: (*) ¿" - -A— - ■ II)— lll) 6HílAKiw(Tf .jO.0250 s|». 

dt di 



CM3 50*10 1 HVOfiSaAl 



0.02501 



n\xt .10 0250 *)t Thcrclbrc, 



f -13 50 



0.0250 j 



- 0.299 \ 



.¿4^. [3-50x10- HXO680 A) ^ 
' J " .V 400 

|c> f(J)--JL^l = -í3»«lO 'HMO^KOAH^ 0O250*fein(^í 0J>250*1 
£(0 |Ü 299 \ lumi:5.6i >> Thcrcforc, al r -O.OIMOk. 

f(O-OlMs) - --íü.:^» V!m^(I25a* 'míUiisomi ■ o ;>*V l'hc magmtudc ofthc induccd cmf i» 0230 V 
EVALIATE: Thc max imum cmf u u hen / -O and at ihis ¡mtant <I* -O. 



di 

5EF 1"p: Duríng an ¡nicr^aJ in which Ibc gniph of i w«» t i* a tfraight line* di 'di \* coostanl and cqual lo Ihc 
*!opc of Ihal linc. 

EXECtlE: (a)Tbcpattcmon thc o*c¡lto«copc ¡**kcfchcd ¡n Figure 30.45, 

EVam ate: (h) Sanee thc voltage udclctmmcrf by Ihc derivad ve of ihccutrcnt* thc r verau* r graph ¡* ¡ndeed 
pruportiocial te* thc derívalive of Ihccutrcnt graph 

V 



lizure 30.45 



30.46. lotVTltV: Apply £ - -¿— 



Si:f Lip: — ccniror i - -jusiairoñ 
d 

EXECUTE: (a) £-~L— - -L— «0.12J Alco+240x/s)fl< 
dt dt 

/ - 1-10.250 IIHO.I24 A)(240ar/»)nn<(240 | r/"W ■ -»:V4 V}md ((240jr/s)í) 
Thc grapht are givcn m Itgtirc 30.4o 

(fe) £ M - 23.4 V; > - O, &íncc thc cmf and eurretn ate *W : out of pitase* 
[el i -0.124 A: £ -0* *mee Ihc cmf and cunent ate W out of phasc. 



Evvu ATt: The mduced cmf dependí *m ihc ralo ax «hich ib: current ls 



ti) 



'i 



.10.47. IBSN11PV3 Apply f--¿— lolne 




Figure 30.46 

and iMTjlId combtn&tiofis. 



UP: In %cr¡cs* t - r and thc vollagct ¿itkl + In para lid ihc 
EJOCITO <■> Serie*: lÍ+lÍ»£. £ bul ; 



Lhc udk and ihc cunentt add. 

_ 

á 



du di 

— ai** 



(ft) Itaalkl: 



Lili'. 



MUS 



EVALUATE: Inductor* in serici and par alie I combine in ihe 
IdevtoY: Follow thc sien* outlincd in (he problcm* 



rtuv rcsu-iiors. 



U : Thc encn¿y *lorcd la C/v . 



2mt 



ujtrdr ujI 



2 2 Ir ' 4a 



lní>/ci) 



EVALUATE: Thc rnagnciic tlckl beiwccn lhc conductor* is duc only lo Ihc currem m thc inncr conductor 
30.49. < 3 1 li>i s j ii s and Su l p: An end vkrw ¡i diown in Figure ¿0*49* 

Apply Ampcrc'x law lo a circular 
paih ol radiu* /** 



Figure Jfl.49 

ExKC LIE: /S-dí - K2xr} 

i — thc curre ni in Ine inncr conductor 

Thui ailTr}-^;.i >J .V — 




(b) Idímih and Su Cp: FoILow ibc pracdurc *pccifícd in ihc probkm 
txiXUE: ü- 



4ff 4x 



tú} liq (30.9): 1/ =^JLr* 



2* V<"/ 

EVALUATE: The valúe of L wcobiaiti ftwm tbese cncrgy comidera! ium agrcci wfch £ cakulatcd m pan (d) of 
Prtibkm 30.4H by roraidenng llux and Eq43&6) 

30.50. iKVtlFY: Apply £ - -iíiiocach «t)cn»d. a* m fcxampk 30.3 Uve W - * J *" tocikubic thc mutual 

i r, 

inducuncc A/. 

Su O: Tbc magnetic licld paxIiKicd bv wilctKnd 1 is confincd fci thc spacc wilhin it* wihdmp and i* cqual lo 

j, \ 2a/ 1 J 2xr jj fj ^ 2t h J 2" 

1 ' " /, " 2xr { 2sr J 2xr 2xr * *' 

EvalíaTE: If thc tro wkaiid* irc idcnikaL lüilut *V, - *V¡, Iben W-£. 

30.51. lotvnn: í/ -^£/'. Thc sel f> inducíante of a ¿olenoid i* found ín Exertiie 30.1 1 tobe £ 

Su l'p: Tbc Icngth / of thc sc4cni>id i* ihc number ufeurnt divtdcd bv thc tumt per umi Icngth. 

execute: m^-^^^h 
T 3 ^ (1-50 Af 

4b> / >f ' J A » If <* i& (hciuimbcf ofiumi pet unit fcrtgth. ibcn *Y=otf and L-^Aa*}. Farthtxcoil 

« - lOcoiUmm- 10*10' cnkm. í« — — T ~ * &W ^ ■ ■ i =S6Jpi. 

/^to 1 'Hi T m 1 A )t< 0*0200 m )* 1 II ■ Hi couVmr 

Thú i* not a practica) kncih for laboralorv uie. 

E VALIATE: The number nfiurn* ix A -|56 ImHIOvlO' coikm) - 5 + 63* 10* tunw, The kngth of w¡w ui thc 
xoknoid ¡* Ibe rinrumference C of onc (um ittncü Ihc numberof lumv C -xd - xí4-00*10 J cn(- 0J26 m TTk- 
(cnglbof wire ü 10.126 m;*5 í*^ ■ Lll » 7.Lx)0' m - 71 Lm Thix Icngih »í n-ire will have i laipc rcxixiancc ind 

clcchicdl cncrgy Icaci wíll be vrry brge. 

30.52. lDf.\nn: ThbuaoA-¿circiiiiand b givcti by Cq (30J4). 

SffUp: When r-tx, í-*i í »p'/JÍ. 

r 1 1 o v 
►;\kciie: ■ .i ■ R ^— ^ — isfioa 

r f 6.45x10 A 

<b t t-w-™) » ^-Mi-"0 -d¿- .-*' MonK7 - 25w " > ^.a%3ii. 

1 ki<l-í/L> tn<l-l4J6<6.45» 



EVALUATE; The currcni after a long lime dependa ooly on and ii independen! oíL The valué of 
Rí Idelermine* how rapidly (he ñnat valué of i i« reacbed* 
30.53. Jin s and Sin l r P: Folkw (he proeedute specified in (he problenr L - 2.50 IL - 8.00 O t 

£ s 6A0V.r&(£VXK] -**''). r-I/Jt 
KM:c:nt:(u)Eq J (3a9(: U L '^L^ 

f-r*oj«(f/JtHÍ-r '>-í6 + 0O V.KOOOíd-tf *)»0.474 A 
Then 6\ * J|/ - ¿42.50 II H 04 74 Al 1 - 0,281 J 

Exenrne J0.27 (cfc P 4 - — L«^_ 
i/i tíf 



'-■'(^'-"'It'-J-Í""-'--'' 
".■4'['*'-4--"i4'['-í-'"-f 



^■^ÍSlí) a50HH0J996)*CL28]J,whie*ich 
|b>Exen:«e J0.27(n): The r*tc al *hich ihebattery <uppiie*efierg>* « «fl.^^l-e ' ')J«£--(1-*~' ' 



1 (2**W»3GiS)-ft3i7J 



R\ 2 2J Jí I 2 7 



2 



<d> EvaI-íaIE: U r *U t +U x . (0517 J -0.236 J*0.28l J) 

The encrgy supphed In ihc batiety eqial* (he xumof ihe cnergy ¿tored m the magneirc fiekl of inc indixiur and (he 
encruy ditaipated in (he rai&ianee of the inductor. 

30.54. IdevtuY: Thb b a deeayinii A-/, círcuil with í t ~£íR. í(/)±/,*"' lM . 

SETUP: £-60,0 V, X -240Í1 and L - 0,160 II . The rale at whieh cncrgy Mored m (he mducior is deeteaNing 

» iUí fdí _ 



Y.WX l TU 



,. ) ,.i u ..i 1 (£)'.i ro , M „,(^L)'., M „o., 



tatauHc 50-15 



y ' R di L di dt R ¿t 2400 

EvajvatE: Durinjz thc dccay of Ihc cuncrn «ill thc clectrical cncrgy original ly itorcd ¡n ihc inductor » dwjpaicd 
m ihc resistor. 

30.55. iDKVnFY and Su l' p: lolloiv ihc proccdurc specilicd in (he problcm. ¿¿j u thc cncrgy iiored in thc inductor 

and q' . 2C ¡s Ihc cncrgy Moovd in Ihc capacitor. Tbc cquation i* -tft - A — - — - 0 

C 

1 ? * ' ^ dr C di dr dr ' [ A) di 



iccondtcrm — 1/ ¿ =— I — 1= = — Í2d>-1^— . rhcihmí ierro. í*tf = /S, Ihc rale at which 



clccirical cncrgy n dUitpalcd in thc reriitance. ^~L\ = P { , thc rale al whkh thc amount of cncrgy rtored in ihc 

dt 

inductor U changing. —V t — /[, Ihc rale al whkh thc amounl of cncrgy *lorcd in thc capacitor r changing. 

Hi ai i ati' : Thc cqualion uyi that í\ + /' t i\ - 0; thc ncl ratc of change of cncrey in Ihc circuil h /ero. Noce 

thai alany civen time onc of /' or/¿ \% negative. If thc currcnl and t\ ¿re itKTea*Mu* thc charge on thc capacitor 

and Vi are decrcaimg* and vkc ver». 

.10.5*. Idevtifv: Ihc cncrgy rtlored tn a capacitor b U c =¿éV . Thc cncrwy ¿tored in an inductor b í.\ ■ 
IZncrgy conscrvainin reojuirei that ihc loial ttored cncrgy he conitiant+ 

5KF l i' Ihc cutrcnt n a máximum when thc chame on thc capacitor ii /ero and ihc cncrgy Morcd in thc 



EXEti Tt: UMniliaJly r- 16.0 V and J-O. V t = 0and 6\ =i(5.00x]0^ FlfLó.O Vi - 6.40 < MI ' J 

The total cncrgy *torcd i* 0.640 rnJ . 

M The curren! ¡» máximum i*hcn a-0nd V t =0. 6V <-t/ £ - 6»x 10 * Ju 6* -6.40xlO J J . 



7 ™ V 3.75*10 *11 

E VALi' ATE: The iraximum charge on thc eanacitor ti Q- CV - 80.0 /íC. 
3H.5?. L' ■ i ■. . : : su rp: Uk í; -4í"í;* (cncrgy itorcd in a capacitor} to wlvc for C. Thcnuic I!q<30 J2) and 
<v - 2t/ tosoke for ihc ¿ ihai gi\cs thc dnired current owitlation frequeney. 
ExtfiTE: i; =110 V;Í/ ¿ ¿|C*; J »C = 2Í/. ./I? =2(0.0160 J)í 12.0 V) J - 222 pF 

/ '*>£,_!_ 

/ ■ 3500 1 Iz giw t -MI #A 

EvaIAtaTE: /i* in Ib: and <o U in tadi; rmiM be carerul not lo confute Ihc i«« 
30.58. lDt.\n>^: Apply encrey comervation to thc circuit. 

SE*!*: For a capacitor V *f/C and U~q : /2C. For mi inductor Cf«4l/ 

C 150-10* F 



(10 



2 ™ 2C — JlC J(0.0600IIX2 50xlO^ F) 



» Um~--üL --<0.06OO11H1.55>íI0 'Af * J. 



¿<H6 (hApirrMi 



[JQ>'*)QÍ 

td)If f»yJ M tfacn V¿*^U^*].Mx\0 Jand V^-jU^- ^ 9 = JL.,TTm give* 



S,20xlO' C 



EVALUATE: V„ - íl^- fo* all tomes. 

30.59. lofVntY: Sel U M - K , vAkk K ■ ¿imr 1 . 

Skf I t p: Tbc cncrgy densiiy ín Ihe magnetic fidd w ji -í^/2/j Coroidcr voluinc * - lm* ofiuaipot 



EXECLIE: The cnergy denaity in the surcpol ¡s tt A - B' ,'2ji ( - 6 366 * 10* J m . The lolal cncrgy «uva m 

volunte f'of the surupol ¡* t\ - uj r . The of the material ¡n wlunv J'of ihe ¿unspot a m~ pV. 

K - V M *o y«v* a £/ 4 . 7 /^V 2 & , The whime divide* out and v - ^JlM^Tp -2x1o 4 m* * 

EVaLí'AtE: The speed wc calculated u about 30 time* tmallcr man the escape «peed 
30.60. Idevtoy: un « gíven by Eq430. 14). 

Ser L>: Tbc graph show* r -0 al f -Qand rar*f*oachei ihccoratani valué of 25 Val l.i ge lime i 

ExEttTE: (a) Tbc voliagc behave* ihc «ame as Ihc curre ti t + Sincc \\ u proporiional to>. the scopc must be 

acroKibc I50ílres»tor. 

fb) From ibc graph. j* f * 25 V. so Ibc re i* no voltage átnp aero» Ihc indocior, u> itsiiucrnal rcti-Hancc 

munbc«ro. r t «K fc (l-* H ">.When f - r * *; ü*^J|-ij*0W fc . From the grjph, K«U3K M -16 V« 

r*0.5ntt.Tliercfore r«!5m t/I«M» give* £ -<0.5 m*)<l50 ni- 0475 H. 
<c> The graph if the *copc ¡* aero*» the inductor i* *kclcbcd in Figure 30.60. 

EVaLL'ATE: Ai all time» V t +F t ■ 25,0 V * Al / -0 all the baltery voltage appcar* «ro» Ibc inductor «mee 
* 0 Ai r-»t all ihcruticrv voluee U n the rc*i*tancc, unce Ji dt -0. 



»v 



.10.61. lof.MiM and Su I p: The cxirreni gnnvs in ihc circiui a* given by Eq>(3Q.l4p. man fCL circuil the rull emf 
inilially » aero» ihc ¡nductance and after a long lime is total ly actwi* ihc resblance. A %ttlcno¡d in a cirvuít i* 
rcfirctcntcd as a resistanee in serie* with an indueiance. Apply the kwp tule lo the circuit; the vollage aero** a 
re*i*iance i% given by ObnTs Jaw , 

Y.wt i ti; (a) In the R t. cirvtiii the vi>liagc aero» Ihe resbtor siattt al /ero and incrcaie* lo Ibc hitiery vollage. 
The vollage aero» Ihc *olcnotd (inductor) starts al the baltery voltage and dccrcasci to/ero. In Ine gtap4i + the 
vollage dropv *o Ihc o*citlo*copc i* acron the *c4et»otd + 

(b) Al f «♦ as Ihe currcnt in the circuit apfmaches it* final, constant >aluc. The vollage docsn't go lo *crt> because 
the soknoid has iomeresbiance R L > The llnalvoltagc actws ihe wlenoid i* fR* wbcrc / is ihc final curretu in 




(c)Theemfof Ibe batlery* i* Ihc initial vollage acrou the inductor 50 V. Just aílct the*wrlcb i* cloied*lbc cutrent 
ís neto and Ihcrc i* no wltage drop acron any of ihc rciülancc in Ihc circuit 
(d*A* f-*(c, £-IR-lR % =0 

£ -50 V and from the graph flT £ "lS V i Ihc íinal voltage acroi* ihc inductor^ *o 

tH - -15 V and / ~ (35 V>A - 3 + 5 A 

(O iR, = 15 V, so R t * (15 Vypj A) - 4.3 £1 

y -t'. ~ÍR ■ 0. where V¿ includci the v«lijgc acros* Ihc rcwtancc of ihc lolenoid. 

f-50 V. JUIOÍI. J^slUfl sowhenf = r. ^=27.9 K Frorn the grafih. V t has thr* \alue «hcnJ^J 0 m 

(rcad approx imaieK' from the grano), *o r = f* R* 4 —3*0 mi. Then ¿ - < "vO ms«l4 + 3 íl) - 43 mil. 

EvalíaTE: Al i - 0 Ihcrc ¡* no cutrent and the 50 \ r meatured by ihe oscilloscooc i* ihc mduced emf due to the 
inductance oí ihc wlenoid. As ihc curreni g rottx. there are \okauc drorn across the two resütances in Ihe circuit 



Wt den ved an cquaiion for í r , ihc voluge acr™ thc *okno>cL Al l - 0 ti givn l\ - ? ¿mi : * r. n gtm 

30,62. iDtvrifY: Al i - 0 , i-O through cach inductor. Ai í * ■* . thc voltagc i* jkto acro*i cach indiKtor 

Sur UP: In cach caic redraw thc circuit. At r - O repiacc cach inductor by a brcak ¡n ibc circuil and at t — > r 
repiacc cach inductor by a wire. 

E\£CLIE: (a) Initially ihc inductor block* current througb it. *o the *¡mpH5cd cqurvalcnt circuit u shown ¡n 
Figure 30.62*. j -£--^- = 0333 A> *; MI00Í1M0J33A> = 33J V. V 4 = <50nM0J33 A)-Í6.7 V. K,*0 

¿mee no curren* íkm Ihrougb ¡t. K -16.7 V.»nce thc inductor is m panrilcl wtb tbc 50 íl rcataor. 
4*4 = 0J33A,4*0. 

(b) Líwiu aftet S ikcl&tcd. tfcady tlate i* reached. *o ihc inductor ha* no puicutial drop aero» it. Thc umplificd 



Pircún it *kctchcd ¡n Figure 30.62b. i~£¿R~ 



50 V 
Í30D 



-0.38SA, K -riOOn«0.3S5 A)-38.5 V; K-0: 



K-r # -50V-JH.5V = H.5V. ¿ =0.385 A; 



5V 



153 A; km 



5 \ 



0230 A 



7511 50O 
EVALUATE: Ju*t after thc iivúch U clo*cd ihc cuncni througb ihc battery ¡«0.333 A Artera long time thc 
currcnl through thc battery i* 0.385 A. Atlcr a Umv time ihcrc U an additiorttl curren! path* thc equivalen! 
rc*i&tanccofthc circuít i* dccrcjfccd mmú thc cunvni h; 



IWll 




<«) (b) 
r¡*u re 30,62 

30.63. Ioiviim and Ser Up: Ju*i after thc roitch « ck>*cd. thc currcnl in caen branch containing an inductor ii /ero 
and thc viíJugc aero» any eapueiior i* reta. Thc induciori can be trcated an brcak* in (he citvuii and thc capacitor* 
can be renlaeed by wirc*. Atlcr a kmv time there k no voltagc aero** cach inductor and no curren* in any branch 
contamine a capaciior. Thc inductor* can be rcplaccd by wirc* and thc capacitor* by brcak* in thc ciicuit. 
Huí i tk: (n) Juti after thc mitch i* clo*cd thc voltagc aero» thc capaciior i* /ero and thc re u alio no current 
through thc inductor. so V, ~ 0. T 3 > V¡ = I \ - \\+ and itncc \\ ■ 0 and Y\ - 0 # \\ and K are abo /ero. 
V t — 0 menm r read* /ero. í, Ihcn muit equal 40.0 V. and thi& meani thc current read by A¡ \% 
(4U VH50.0n)-0.8O0A. I .+4 + 4i-4.buM ( ..o«>^ - J -OMXiA ^ = 4 = 0X00A:allothcr 
ammcien read /ero. T^-MOV and all other vottmclers rcad /ero> 

(b) Aficr a long time thc capaciior U fully charged so 4 - 0 + The currcnl Ihrough thc inductor Un't chanvin^ so 
r. - 0. The currenucanbc cakulatcd (rom Ibc equiv^lcnt circuil that re places thc mductor by a ¿hett circuir, ai 
*hown in Figure 30.63a. 

W.nll 





I ¿ture J0¿3a 

y ^ ^40.0 V> (83.33 Q) ■ 0.4H0 A; ^ readi 0.4«> A 

v % =;(50 i on) = 24.o v 

The voltagc aerow cach paralkl branch i* 40,0 V - 240 V - 16.0 V 

r^ra-n-iMv 

#;-Í6.0 V mean» 4 read* 0160 A ^ = 16.0 V me»» 4 read* 0.320 A 4 readi 
(c) V. = 160 Vng^Cr «(12.0 yiFK 16.0 V)« 192 



Notcihai 4 + 4 = 4 



.UMft C/Jmpirr ¿4 



30.64. 



30.65. 



(d) Ai i " O and j — > í ? - O, Ai thc curren! m iht* branch 
thc rote ofehange of thceurrcni. Thc uraph ii skcichcd in Figure 30.63b. 



rrom/crotoO.lóO Alhevoluge K rcllccts 




FlgpR 30.63b 

nciwork* onlv apply al j ■ 0 and / 



EvaIaatE: Thn reduebon of tlw circiiiuo nci*xn^ anly apply aU - 0 aiwl i Al 

limes ihc an jlysn ¡* complica tcd. 

iDtvnFV: At all time» v, ¥v¡ ■ 25.0 V. Thc vollage aero» thc rcMitor depend*» on thc current 

lolnigc Jtcrovt Ihc inductor dependa un ihc rale at whieh ibc current throuch it U chancing. 

SEF L'p: Immcdutcly afler cfoting ihc switch thc curren! thoroufrh ihe inductor i% /ero* Alter a long time ihc 

currcnl i* no tange* changíng. 

EXECtfE: <*> t-Gui v. -Oand v ; - 25.0 V . The arnrncter reading it A = 0. 

(b) Aflcr ■ long tiene. v ; ■ Oand i; - 25.0 V. i; - iff and > - 21 - 25 0 V ■ 1 .67 A The ammeier rcading b 

(c) NorKr of thcariiwertfúi (a) and (b)dependon¿ %o none of ihcmwouldchange. 

EVALUATE: The inducíante L of thc circuil affccL* Ihe rale at ubich current rcachc* iti final valué. Bul after a 

\onv time thc inductor doctn't affccl ihc circuí and thc final current doc* not depend uo L. 

iDEVtlFY: At f - 0 , i-O Ihrough cacb inductor. At t -> r . thc voltagc \% /tro aero» cacb inductor. 

Sef Up: In cacb case redraw thc circuí t + At t ■ 0 rcpbcc cach inductor by a beeak in rae circuil and at t > r 

rcplace cach inductor by a wirc. 

EXECtTE: {>} Juii allcr thc Mvitch i* chwtcd thc re u no curren! Ihrough ciihcr inductor and thcy ael likc breaks 
thc circuil Thc currcnl i* ihc i ame throuch Ihc 40.0 ti and 15 OH rc*i*tor* and Ue<|ual tu 

<25ü\ I/I40 Ü11* 15.0Í1I l)4>5 A I A t = 0.455 A; ^ = ^ = 0. 

(fe) Artera long time thc curren!* are conitani* Iherc i* no voltagc acro*«cílhcr inductor* and cach inductor can b 
treaied ai a *horreircuit , The circuí t tt equivalen* to the circuit &clchcd in Figure 30.65. 
/ -(25.0 V)/(42.73n> = 0.5S5A . 4 remkO.585 A Thc vollage acro« cach pmlld branch u 
25.0V-(05K5AM40.0n>-L60V. A¡ readt (1.60 V)/(5.«O)-QJ20A . A t rcadi 
(L60V)/(lQ.0n>-0 I60A. A, rcadi 11.60 V|/(15.0O) - 0 107 A. 

EvaLíaIe: Jum a fter ihc iwiich tu cta*cd Ihc cutrenl througbrhcbaticry i«0.455 A. Aflcra long lime thc 
currcnl ihmugh the haitcry ii 0.5S5 A. Arter a hmg time there are additional currcnl pjth^, ihc equivalcnt 
c» f thc circuít i» dccreatcd and Ihc currcnl hai increated. 

40* Ü JQ0U 

i — yWV 1 1 1 , — JWV 
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^■:iv 



líiure 30A5 

Ioemim: Ctanng S : and Mmuliancoutly opening S t produce» an¿-C circuil with inilial currcnl throuujt Ihc 
inductor of 3.50 A. Whcn thc current i* a máximum Ihc charge uon ihc capacitor « /ero and vvhcn ihe charge^ is 
Ihc current b zcro. ConNcrvation olcnerg\' mv* that Ihc máximum cnervy -1'" ^toruil m the induclor 



íquab ti 
SEF L p; 



i 50 A, ihc currcnl in ihe inductor juu allcr thc %witch i*clo*cd 



Induíuncc 50-19 



ll 



* ( JIO'^ * ^(2.0*10' 11X5.0*10'* FM3.50 A> = 3,50* W 4 0 .350 mC 
(b) Whctt q u máximum, r =0 _ 

E VALÍ ATE: In Ihc final circuit thc curren l will oicillatc. 
30.67. lof.vriFY: Apply thc loop rule locach para) leí nranch. The voltage acrraia rcirtlor U g 
voliagc aero» an inductor :t given by .'.ji'i *jf|. Ihc rale of chanuc oí curren* throuirh ihc 

L t p: Wiih S clcucd ib: circuil ii ikctchcd in Figure 30>6?a. 

Tbe rale oí chanuc oí thc 
current throuuh Ihc inductor 
U limitad by the induced 
cmf. Juit after (he swilcb U 
claicd ihc current in the 
inductor ha* not huí time la 



tvn bv ift and ihc 



-= \W 1 t 



L -ÜJOOfl 



EX£CtTE:U> f -v^ = u\«>r , -60.0 V 

[») Thc voliagc dtom jcroi* /¡, ai \\c trawl throuub ihc rcmlor in the dircciion of thc current 10 potni a i.% ai 



f-v^-^sOioi; =£-óCU) V 

(d) Thc voliagc rises unen wc go frum A lo ihrough thc cmf, *o it mu*l drop when wc go from axott through ihc 
inductor. Poini r muit be at hígbcr polcntiaJ ihan point J. 

\t\ Aüer the infecto ha* been clcocd a loog time, v t «0. Theo £-\\ -0andijff : ■£ 

60.0 V 
sao rj ¿—-——--2.40 A 
Jt ; 25.0 íl 

Sur L t p: Ihc rale of change of inc current Ihrough ihc inductor « lirmicd by ihc induced cmf. Jum altar ihc 
twiicb ¡* opened awain ihc cutre nt througb the inductor ham'i had time meninge And i* rtíll L ■ 2.40 A Thc 
circuil u iketched in Figure 30.67b. 

IIxkc ni;: Thc currcni ihrough 
ft, i* íj ■ 2.40 A, in the direction 6 
lo il I buv 

*«i * -*A ■ -<M0 A)í40.0 ni 
v**-M.0V 



JT 3 * ¿ 
Figure 50.6?» 

(f) Poini where currcni cnicri rciUlor ta al highcr potential; point h U al highcr pmcntial. 
ll) ^-^-v t =0 

v ft ■ ^ = 96.0 V; r 4j = ij/Cj = (240 AK25.0 O) - 60 0 X 
Theo »96.0Vt60.0 V = 156 V. 

Ai you ln\cl countcrelockwiie an^und thc cffcuit in thc dircclion of the currcnL ihc volu^c dn>p& acron cach 
rcüNttc. u> it rnu^i riscacro» ine inductor and point d t% at higher poicniial than point c. Thc currem kdec 
to thc induced cmf ¡n Ihc inductor ¡idirected in thc direction ofinc current. Thus, v tJ - - 1 56 V, 
(h) Point d U at higher potential. 

EvalíaTe: The vtiltafic acrot* H, ii conitant once ihc wiich » ck»ed. In Ihc branch coniaimng R : . juu afíct 

S i* clcncd thc voliage drop » all acrou L and atiera lont? time u all acrcui K : .. Ju«t atlcrS iiopcncd thc «ame 

mrrcnl llowi in Ihc intgle loop ai had been Howing throueh ihc inductor and thc sumof ihc voltage acrmi thc 
rc*¡&(ort equaU ihc voltage acnwi thc inductor. Thu voliagc dics a»a\\ ai ihc cnetvv itorcd in Ihc inductor ii 
dimpalcd in the reniton. 



Chuptr-rJfl 



34.68. lot-Vim : Apply (he lixip mk hi ihc (»o Ioí^v The current ihrough (he inductor tkiem't c 
Ser UP; Forthe inductor |í*|- and £ udirecled lo oppoie the change incurren*. 

ExiXLTE: (a) Switch ti clo*ciL Ihcn ai lome lalcr time 

í.-5ft0^^v^-lí.-iOJOOH|í50.0A l O-Í50 V. 
oí al 

60.0 V 



i '' r ii p¡ . \ 



The (op tmuit loop; 60 + 0 V ^ i R ^ I « 



luí'!' 



The bot lom loop: 60 V - i A - 1 5 JJ V = 0 => L 



^ 1.50 A. 



45 OV 
2í Dfi 



lb>Aflcralocig 



' ■ " »^ * ^ vid ímmcdutely hen (he swilch ¡s openeuV (he inductor mainUiiH 



ihw currenL 10 > ( = j\ - 2.40 A 

1 ; \ uiau; The curreni through ft, chance* abruptly when (he v*1ich ¡¿cloicd- 

IdEVHFV and St r t p: The circurt ii xketebed ¡n Figure 30 H 69a + Apply (he loop rule. Junl after S, n closed. > - 0 

After j long time t ha* reached tu final valué and dt 'tú ~ ih The voliagc aero** a rciiitor depend* on t and the 
vohage aero*» an ir*Juet«r depend* on di\dt 




I ¿pire Jíl.69 j 

EXEri )E:(a> Al lime - r,nV - 0. By ibe loop rule £ - - 0, *o Pj = f -v, = £ - 3o,0 V 

( í, -0 » lh¡* potcntial dilVercttce of 3&0 V t% aeróos ihe mducior and ¡* an induced emfprixluced hy ibc 
¿hang me curren!. ) 



Ib) After i hwm time — i- ■ « w (he potcttiúl 



icrix» (he inductor bceome* /cn>. The loop rule erve* 



£ Í6.0 V 



:. - 



^0.1 



fc + /¡ 50.0 ílí 1 W 12 



Thui v, -t t R+ ¿^.-10.180 AXi50fl)+0-27.Ü V (Noledutt v. +i^»£.) 



L— =r-rttf-/¡>and 



fromr- D;ttbetw-0. toiwhen i -L: f V - 
Takingcxpoiwnialiofbolhnil»irive» ^ ; J|-<- H ** fc * ') 



«> mi -A 



Subxütufuiu in (he numeml \ , alue% uivcx - 



^60 V 



na+so íí 



v * = ' A= ^ | - c "^'") 390V ' | - c " ní "* 

v**£-i'„ = 36,ÜV-9.0 Vll-f^^aW V|3M+ 

Al f ->(X i IX = 36a1 V {agreci with part i ■ : i Al = 9.0 V, =27.0 V 

The graph* are givcn m Figure 30.6%. 

fe Jr I 



A< V »wiAa>tlb)l 



parHbij 




EVALUATE: The expresión for i(í) w: derived becoines I vi >(J0 .Ui if Ihc lwo kmhhn fl, and ¡n OTc* are 

rcplaced hy a single equivaler* rcM*tancc Jf T * H 

30.70. Ioímim : Apply ihc loop rule. The current through the inductor docurt cbange abruptiy. 
Si: r L e: Wiih S : clcned, \\ mu*t be /ero. 

txiiriTE: (a) Intnxdiately after S : is clo*cd* the inductor inaintaim ihe curren! /-fl.iKÜA ihrouuh ít. Tbe 
loop rule around the ouixide oí tbe e ircuk y ¡e ld« 

fi-£ , 1 -íí-i^í,»36.0V*(0.1BAhl50O)-(0.IB AHI50O)-í,í50O| -O, 1 1 " - A 

v a *<0.72AH5flV)-36.0V »dv u -0. 

<b)Aflcr alongóme. w m -36 0 V. and v.. =0. Thu* r»= — _a720A, j t -Oaod ^ =0.720 A 

JT, 50 lí 

M r, -0.720 A. ttO-^^-* -4 **»* 4(rt-(llllAW"^\ 



.ta 



¡XIHO All4-* H,Í ** "I. locCTjrtaofritccurrcttaarecivcnml Mure 10.70. 



EVALL'ATE: R t it iiu loop ihat conlain* ¡un € and A",* sj the eurreni through R t « conMant. Añera Umg time 
thecurreni ihrough the inductor itn'i changim* and the vottage acra» ihc inductor i* /era. Sinee v á& /ero, ihc 



<*|A> 



a» 



i o. 
O) 



om cin ni* o:n 



fu? 



ri.i 



040 
ruó 

cuo 



[UM 
Pifo re 30,70 
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30-22 Ch*ptt-r3« 



34.71. iDEMirv: The currem through an inductor docsn*! chanye abruptly. After j kmg time thc curren! imt cháñeme 
ojh! thc volijgc across cach inductor ti /ero 

Skf Up: Problcm 30,47 ¿hoxvi how lo tlnd thc cquivaicni inductancc ofinductor* in «cries and parallcl. 
ExitLIE: (a) Juii afler thc switch iscloscd there ii no curren! ¡o tbc imluctm Hiere is no curreni in thc 
resistor* mi there u no voltugc drop actos* ciihcr resistor. A rcad* wro and V rcads 20.0 V, 

<b) Afler a lunjz time thc cúrrente are no longcr ehancjnu-. (hete i* no voltagc acrou thc inductor*, and ihc inductor* 
cao be rcpluccd by ihort-circuit*. Tbe circuil become* cquivaicnl lo Ihc circuil %hown in Figure JO.? la* 
/ - (20.0 Vyí 75.0 ft) -0*267 A , Thc \xiltaee bciwccn points a and Ai* ^cm. *o thc vohmclcr rcadszcto. 
(c)Uic thc resulte of Piobktn 30.49 lo combine thc inductor nctwork inlo ii* equivalente a* diown in Figure 30.7 Ib 
R - 75 011 i* tbe equivalen! rcsttlancc. Eq.(30.14) «y* i \i '¡R^X~c * iwilh 
r»l/Jt = ílO + Smlll/<75 0n»-0 144 ms f -2D\aV\ «-75.00, i -0.N5 mi w> / -0.147 A . 



r, -f* = (0J47 A)(7S.0n)-lL0V - 200 X-l\-V K -Oand V t -20.0 V-r,- 9.0 V. Thc amrncicrreaifaaU? 
A and ihc \ultmetcr rraife 9.0 V. 

EVAUUTE: Thecurrcni through thc baticry incrca*c* fiom /ero toa lirul valúe of 0267 A, The va 
thc inductor netttor L drop* from 20.0 V lo /ero. 
MiHl 

i — ww — 



2DJ V 



iMroll 



lid 



l&C 
- mil 




lizure 30.71 



30.72. Id&xiui: At steady Male with thc swiich in pcuition I. no curren! llow* to thc capacitor* and thc inductor* can 
be re placed by wirev Apph con*crvaiion of cnergy lo thccircuit with thc switch in position 2. 
Su l>: Renlacc thc series combirutions of inductor* and capacitor* by thc ir cqui valent*. Por thc inductor* u*c 
thc resulte of Píobfcm 30.47. 

EJOCIins (a) At steady líate ■ j^r^ ■ 0*00 A . 



and r -14.6«F 



(blThccquivalcnlcircuilcapacilanceofthc two capaciten is giran by —■———+_— 

C t 2>fjt 35 fif 

¿ k -15.0 mil* 5.0 mil -20.0 mil . Thc equivalen! circuí i*skctchcd in Figure 30.72a. 

Energy consetvaikm: 2L=-L¿. q ^JÍC = (060Ü A>J<20*10 fc H)(I4.6><Í0* F)-3J4*10^ C . A* 

út I luufc 30.72K thc capacitor* huve thc ir máximum charge at i — 7/4. 



■-;n n 



t =j.r-i(2irVIC)-yVIC-y 1 /(20xl0 o H)(l4.6xl0* F)-K.49vl0^ s 

E VALi' ATE: With thc switch e tosed thc haitcry stores cncrgy in thc inducios. Tbi* then is thc energy in thc L ■< ' 
circuit when ihc iwiich is Ai posilion 2. 

r- 0.160 A 



30.73. iDEVnrv: i ollow thc siep* 

Si: i UP: Find thc llux thmugh 



F%n re 30.72 
in thc pmblcm. 
a hng of heifiht A. radius^and 




i:xamplc2K.I9show* 



IniA/a) 



EVALUATE: h{b .j > ii thc crcuvscciional arca/J of thc toroid and 4 i* approximaicly (he radio* r, so thb result 

i* anproximatcly Ihc ume a* Ihc rcsult derived m üxamplc 30.3. 
30.74. Idevivh : Ihi dtrcclion of thc curren! ¡nduced ¡n circuil A is gtven by Lenr** law . 

Skf Up: Whcn thc swtteh i* elosed currcnl flow* counicrvlockwisc in thc circiñi on thc kft. from ihc posilive 
píate of thc capacitor. Thc currcni dccrcascs as a funclion of time, as thc charge and voltauc of ihc capacitor 
onrrnnr 

fMd lt: Al loop A ihc magnetic ñcld from thc xvire of ihc otherorcun adiacent lo I i* ¡nto thc page Thc 
magnelic íicldof thb currcni i* decrcastng* ai thc currcni decreto. Tbcfclbrc* ihc rtiaunctic ficld of ib: ¡nduced 
currcni \oA i* directed into thc paec instile J and lo produce a macnctic lícld in thb dircelion ibc ¡nduced current 
¡s clockwtsc* 

E\ Al-lATK: The m-aenituóc of thc cmf tnduced in cirvuil A dccrcascs wiih time afler thc swilch bcloscd* 
because ihe rale of change of ihc current ¡n ihc othcrcircuit cfecrcascf* 

i Iiu ntii v jndSin Ur: Wnh surten S elosed thc citcuit b *hi*vn in Figure 30.75a. 

Apply ihe loop rule lo loops 1 and 2. 
Usara 




IoojH 



afi> 



di 

Th*4 i* in ihc forai of cquation (30. )2k so ihc solutíon is analouous lo 30 H): ^ jl-e ') 

£ £ Á 

Ihf t\ Ait: Alt: Thc exprcudon* den ved in pan (a) vive ihaia* / -tt. £ ■ — and n ■- — > Sincc — - — > D al 

A t ff* rfr 

ticady -itaiCi ihc inductance then ha» no cftcct on thc circirít. Thc currem in Jí, b coas Uní; thc current in R. siarts 
ai /ero and nics to : R. 

fe) lo* vi and Su 11 p: Thc circuí t now i* as show ti in Figure JO. 75b* 



Leí f - 0 now be whcn S i* onened 



I 1 ti¡ n re 30.75b 

Apply ihe loop nik" lo ihc single currcni loop. 

bMW -K^^^t-I— -<MNow 4 anégame) 
Intégrale from i -0 t whcn f = ioj. 



Taking exponcnmls of both «des of ihbcquation gira » - f^^*V 1 .^-«V** ' 



30*24 Chupín- 34 



(d) Ioímim andSfcr IIP: IJ« (htr cquation «krivvd in pul (c) ¡ind MkUr fi* Jf. andí" 
EJOCITO £ - 22.0 II 

K J (120 VI a 
* 40,0 W 

Wc are a*kcd k> lind A\ *ná£. Use thc cxprcnion den ved in pan (c). 
/. ■ 0 600 A u> ti R. ■ 0.600 A 

t-QJ5§Altof-MI0l,S»J-¿« H *** k>a givt» ai50A*f0.600 AI*~ ,V, ■"' 



^ f 1 O.DSOi 
Then £ ■ 10600 Al* ¡ -(0.6Ü0 AM21 2 £1} - 1X7 V. 
<«> iDtvnFY and si i IIp: Use (he exprenion* derived in pan (a). 

£ 12.7 V 

EmiCttk: Thc curren! through thc ughibulbhcfbrc thcswifch ¡* opened i% r t -—=——-0.0353 A 

l 1 * u i ui : Whcn ihc vnnvh U cficncd ibc curren* thruuch (he hvH bulb jump* fmm 0.0353 A te* 0.600 A. Sincc 
thcclcctrxal powcr duurpalcd in thc bulb (brighinc**}dcpcnd on i\ thc bulb suddcnly bccomc& much bnuhter. 
30*76, Id£M it \ : Tollow ihc sicpi ¡tHcuTicd in thc preblcm. 

Si:f L'p: Thc curren* in un ¡ndtxtor duc* nol c han ge abrupüy. 
tXKCim: (m) Using KirvhhoiTi loop rule on (he lefl and riehi branchc*: 

dt dt 
Rigbt: f -í^+ivJfl-ÍL-O^ Rf^-ti^+l^aE. 

ib) Imiully. i*iih thc iwitch Jim ckiscd, t t - 0, ij and q t ■ 0. 

(c) Thc *uh*tituhcn of thc solution* inte* ihc citvuii cquation* ti» ihow (hat Ihcy vatisfy ihc cquation* i* a somcwhat 
tcibou* cxcrctic but itraightltiraard exercixe. Wcwill *how that Ihc initial condriian* are sjinJWd 

Al f -0. q, - -Lr J_O W 0|,0. 

^i)«^l-«-^|2»XC)- | «MM)*caM«l|9^(0)«£|l-(c(MO)D-S. 



, m (— -_ —j. - 625 radfc. 

tM**)- t&flAC- *2<625 rad»M400ÍÍH2 00*10 *F>-*1 00, 
«r = Mcunl . I m = +0-785 ^ f ^ = l -256 * LO 

Ev ALÍATE: A* l r, -*f 'A\ 4 . -»Oand -*0< 

VA 

J0.77. Ioímim; Apply ¿ — =-totulcubk¿. 

I 

Sr.r L'p: In thc air ihc maunctic ficldix 8^ -üili In thc liquida ¿V 



t-í^-^ 1 [(D-rf) + «|-£,-£,¿ + £ 1 ¿-i, + (fl¿íl| fl 



Hggta of Muid Inductmcc eT LkiuhI Q*ygci: Imiuctance «f Mcreury 

dmD/4 0.65024 H 0.63000 II 

■ D/2 0.63WS II 0.62999 II 

d ■ 0.63072 1 1 0.62999 1 1 

é -D 065096 1 1 0.62998 1 1 



The valúes ^(O,)- 1.52x10 and ^.(Hg) --2.9x10 ' tuve beeri 
EVALt'ATE: (d) The volunte gaucc n much better for thc liquid nxygcn than lhc 
ea*ily dciccublc xprcadof valucc for (he liquirf oxvgen* bul not for ihe mcrcury. 
50. 78. loi .yiifi: The induced ernf acrau (he lwo coiU U due lo botli thc «eIMnductance of cach and (he multa I 
inductancc oí ihe pair of coiU. 

Si:f te: Tbe equivulent inductance » dcfincdby £ -A*— ■ where í" and j ate the t*>tal cmf and current aera» 



rfj dé dL dé dé 

Bul í-t+fc ^—--U—iandM.j «.lr\»o (¿, + ¿, + 2.1*)— and C -i, * ¿ a ^2.W. 
di dt dt df di 

PM1lel:Wehave £ and * willi A+A-*«J tf n -i/„>Af. 

Tu*«nplil> thc algebra leí J-A^-A, and Í^ÍSo l^+JAf-J^CV l^+JM-J^C-í+t-CIiw 
aotvefor H and £ in lemuof C. - -0MÉ4J (í,-¿/NC- JHi.W-J^Í^O. 

Bu, , aC -^C- *M-**'t*i-U + i. Cm „ Am «-I. c.**X*m Jfa Jtak 

¡nto original equaUoo' 

M ' M - ¿ - > C . VM j C-LC^i,- ^"^ 

EyajvatE: If (he flux ofonecod doeint ñau thraugh the other coil* %o Af -0 , (herí lhc resulta reduce lo thiwe 
ofprobkm 30.47. 

30.79. IdKKTIFY: Apply KüxhholT* loop nik lo Ibe lopand botlom hranche-iof ibecireuil. 

Si i Up; Jum aficr the switch ts clcncd ihe currciit Ihrough ihe inductor ii /ero and ibe charge on ihe capacitor ii 
na. 



al K t C dt C 



4S.0V „^ ,„ .i 



> 9.60x10 A. 



tnuny time cotiManti laier 



[c}A%r->w: = — (l-e">=— ^ *** 0V = 1.92 A. -0. A good defmition of a "tong lime** u 

A /fj 25.0 O 



(«^1,9— <1 H ^*0^^)««¡WW' Expanding thc eiponcnfiaU likc 

c--l + * + iL + iV + ...,™find:^-^ 

2 3! £ 2\L) Rj[ RC 2R'<7 ) 

r[^L+-^-]+0fy l )+ = .5- , ifwluvc «swnwl thnt Thcrefore: 
^ £ R+ C* i /¡\ 

r.iJ ■ ' ) = (-^).í (, ' Oltt ' 5000n>|20 - l,) ; F '1 = l .6..0V 
* i l(l i /l)+(l'Jí l X)J (l + /tjCj lg.QI1+(5MOnn2.0*IO'* F)J 

(*>AI rvliTxlT 1 !: 4 s<£(I-tf , ^' l,, )BÍÍ^(l-*^ M )»MxlO"* A. 

(f| Wc «¿ni toknow whcn tlx cutrcnt i* tnlf it* lliul valúe. Wc noic that ihc cutre ivt Li% vtrysmilllo btgin wiih, 
mcl jun gcla «nallcr. sdwc ignore it and find: 

^=0.960 A — P "(1.12 ARl-*****). -0,S009J = — lní0.5) = í^üln{0 + 5)-022* , 

^ X ( 25 O 

E VALI' ATE: jisinitialU zcroandruc* tu a fiiul valúe of 1 .92 A. rj* initially 9*60 mA ¿ndfalU tozera* v. =* 

innulh «n> «id nm lo ^ - fC - %D jXT. 




Alternatinc; CVrreyi 



31.1. lD¿\nn: > ■ tewjt and /„ ■ S'Jl. 

Stf Vfz Tbe ■ . . ified viluc w (he roe* mon-iquatt ciureni; - 0 34 A 

EmXUTé: <*) / fH -0J4A 

<b) / * Jl/ twr a 75(0-34 A) - 0.48 A 

(c) Sincc (he curren! ix pccüüve haJf c«f (be tune and nccMivc halfof thc time* i(* average vahte b zenx 

(d) Since l H w thc íquan roo* of ibc average of |^ (be average *quarcof thc currcni ii m (0.34 A )* - 0. 1 2 A 

V \ \i i i rt : Thc currciu amphtudc i< largcr Üimi ti* mi> valué, 
MI lDtvnn-MidSfiTl.Tr: Appty EqM3L3>aod(3L4) 

EXECUTE: <»> /-«/¿J^- J5(2.1ÜA>-2.97A. 
(b) / -JL#-2<2J7A)-lJf A. 

EVALUATE: (c) Thc tDot-mcatv*quarc voltee w atwayx greater iban thc recúfied average^ bccau*c ¿quaritig thc 
currcnl before avcracitiu,^ and ihcn taking (he *quarc root togel (he root mcarvtqu+uc valué will atwayx give j 
larucr valúe (hm jum averagmu. 
31.3. iDtvnn MidSKT Ur: Appty Fq <3l 5). 

r n v 

EXfCLTE: <*) *' a ' aZlil«M.BV. 

(b) Sincc (he voliagc ¡* Mnuácodal* Ihc aven ge i\ /cío 
EVALUATE: Thc voJtagcamphiudcü largcr than J' 



JL4. 



lotvnn: 



f ^ AV. «-iih A'. - 



UMidar frequeney* ¡n rad s 



EXECUTE: (i) r = /V, » ;^r«C i (60.0Vh100rad/*>|120yl0*n s 0XIÍ32A 

Ib) / -ro*C± (60.0 VHl0Q0rad/*)|120xl0~* r i - 0.132 A 

(c) / ■ TivC ■ (60.0 VHI0.000 rad/*H 2 20 - UJ * I" i - 1*2 A 

(d) Thc ploi of h>£ J venu* logft> ¡* given ¡n Figure 31.4. 

EVALUATE: / - a* h C*o bg/ ■ loglFTit logo». Agraphof log/ vcrcui kig<» ibould be a iimight hncuith 
tlopc * Kand thM ¡&uha< Figitfc3l.4*hi>wv 

Ucm 
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Figure 31.4 



H00 l«0Q 



31-1 



JIJ íhupirr 31 



Skf Up: <& \% thc angular fttqucncy. in racVi* 

T 600 V 

EJOCITO (í> V - KX. -/<u£and/- 

tt¿ (IOOnMl.-KH5.OOHi 



ljiA. 



y 



SQ.0 \ 



u¿ IIO0Orod.sW5jXMlí 

60.0 V 



-0.0120 A, 
--QXHH20A. 



&L »O t OOÜrad;*h*5.00ll> 
{di Thc ploi of loa /venan logro» gíven in Fiiturc 31,5. 



E VALIATE: / — — «i log/ -log(P/¿)-los<y Agraphof k>g/ vctkuk kigro should be a ¿iraight line with 
«lopc -l.and thai ík what Figure 31.5 *hi»v& 
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Fisure 31.5 



31.6. IMniim; The rcaciancc oí capacitor* and inductor* dependa *m (he angular Ircqucncy al hhkh ihey are 
opetated. aK well a» their capaeilance <»r ¡nductance. 
SETUP: TbereacianccaareX, =UaC md X t *t*L. 



E\KC i TK: (a) liquaimg thc rcaciartccx gne* ro¿ — ^> a» - ■ 



[bj l Tmbr ihc nurocrical valúe* nc wct ro - 



- 7560 nal * 



77r JÍ5.00 niUW-V5(l¿j|i 

AV - Ai - a¿ - (7560 mtoKlOl rali) - 37 t S íl 
EVALUATE: Al olher angular Ircqucncic^ ihc vtvo rcaclancc* could be very dillcrcnt* 
3 1 .7. lotvnrs and SET VWs Fot a re*i*lor v* = úí. Fe* «i inductor, v, - VcaMau + 90% Fe* a capacitor. 

EmXUTE: The grapfa are ¿taichcd ói Figure* 31.7a-c. Tbe pIumv diagrarn» are giveo ¡n Figure 31.7tL 
EVALUATE: For a rettitor only in thc circuito thc curren! and volluge ¡n nhasc* For an inductor orily* the voltaje 
IcadK ihc current bv 90\ For a capacitor ontv. the vollage lagx dic curreni by 90". 





Figure 3J.?a Jn db 



ALtcnuiing Curran 310 




Hnrc31.7d 



11.8. |o*\mv The rtactaooc oían 



\% X ¿ - mL -2xfX . The rcacUncc uf ■ cuiaciuic i* \ = 



Sur L'p: Tbcirct|ucf>cy/ii in II/. 

ExtttlE: (i) Al «0.0 11*. X ( -2*í60.0llzM0.450E)>-l70a 



h>/»*600lk. A\=1700il 



(b)AlóOOlU 



slJMfrfn. X t ¡i wmxiMional t*> l/fl *ojlI60O11a X t ^I06íl 

Z«<40AHzH2.5axlO" É F] 11 1 



(C> JT ¿ -^ a^2r/t^— i—jnd /-— l— , ! 150 IU 

2xfC 2W¿C 2*^0-450 IIK2.S0* 10* F| 

EVALUATE: AT ( inctEasc*whcn/ mercasen X t ¡nctea^ «tcn/incrcaic*. 

31.9. iDCVnn andSf.lLtr: UwEqt.(3l I2íarxl<3l IKV 

EXIXLTE: <*> A\ -ftí/. - 2.T//.- 2tiMJ.(i K/K.MXt Eli - 1510 ÍJ 

ib} X L m2wJL givci¿ = -i±-= — I^ÍLG — = 023911 

<c( AV = — ! — ! =497 n 

*C 2r/C 2r<80.0lkX4.Ü0*l0*F> 

l 1 



d) X, ^ — : — ráC> 

2xjc 2*fx ( 2.tihoüh/xi:oim 



&6v 10 l< 



EVALUATE: J, mercare* when /. mercare*: X, «eer cates tvfacri c mercase* 
31.10. iDtvnFV: K - JaiI 



SeI L t p: í» rs the angular frequeney* in radi» / - — — w the frequeney in ll¿ 

K\£f liTE: K = Ja>l *o f = = Q2.0V| — ^ 1 .63 x 10* I b 

* 2«/£ 2*12.60*10 AK4.50*10 * II) 

EVALUATE: When/ti incrcosed, /decrem*. 
31.11. lof.\im ¿HulSi Tlf: Apply Eq*.<31.l8)Mid<3U9). 

V 170 V 

emxutci v-ix t %oa; =_ - -200 a 



/ 0.850 A 

A> =—%\yc*C- ! ■ ! 

* 2*f a; irfóo o 1 1**200 n> 

E Valíate: The reacUncc relate* the vdtage jjnphiudeUi the curran a^litiidc and b rimibr 10 OhnVs 



33x10 1 F= 13.3 11F 



31*4 CJiupirrJI 



y I. J 2. lD¿x'nrV: Compare i* Ihal iigiven m theprublcrn to thc general Ibrm v. - ^ simmand 

ArtT 

SCTUr: A', «-!— v«sf/ruid fWttML 

EXEC1ITC: (m) J*V =_L= ! = 17360 

<b) / ^— = 7 60 V ^4.378*10 * A and i - /cma* -(4.37Rx 10 1 A*ai|M20nid*)r| Tbcn 
Xf 1 736 n 

»V=iJU<4JB-lO ' A)(250n)coiííl20rad/*)í)*(Ll0V)i:c«Hl2Orad/i)f). 

Ki All ATf.: The vohage aero» ihc rcwlor h&% a diJTcrcnt phatc than th- volite acrom thc capacitor. 
31.13. lotvnn and SKI Un Thc roltacc and curren! lar arcHitorarcrclatcdby >>-i7f Deduce thc frequeney of thc 

voliagc and use Ibis in EcU31.l2) lo calcúlale ihc ¡nductive rcactancc. RM3I 1GI gives thc vokagc acrcu* ihe 



EJOCITO U) v^^aHOV>c«|(720rads)f| 

v,«ÜÍ ( k>í^^.=|^^¡m*720 rad*lrX0.025J A,cc*|(720 rad *V| 
w = 720rad i.I -0.250 II. - 1 -«¿-(720 rsd*M0.250ll>-llH)O 

UUff -/coiúí then v, - 1\ cosía* * W) (íroen EqJl.10) *; = ImL ^ L\\ -(0.02533 AXlKOOj» 4.56 V 
v t *<4M V i«n>[< ?20 rail 1 *)! * 90'| 

Bul co*(fli-*(P)--wntf {Appcndu Bfc so v, ■ -(4.56 V)tin|(720 radVk| + 

EyaJ-Late: The curren! i* Ihe «ame in thc rctittorand inductor and Ihc voltavc* are 90' out cf phasc. with thc 
votiage aero** Ihc inductor Icading. 
3I.I4. loivnn: Calcúlate Ihe rcactancc of ihc inducior and of thc capacitor. Calcúlale thc impcdancc and use ihai 
rcsuli m calcuUtc thc cuneni ampli tudc. 

U Wnh no capacitor. Z - Jjí 1 * X¡ aod un¿-i-L. X, V x = LX i and r, Fornn 

R Z 



Icflik thc cunem 



EXECLVE: (i> A\ = ^ = (250radsH0.400N)-lO0n. 2~ Jí2Q0OV ! *(IOon> : -224 a 
7 2240 

(c) #;=//t = (0J34 AM200n)-26.8 V. I r 4 0.134 AHUMO)» 13.4 V, 

(d) tan <* — - ———and ¿Jb+26.6 4 . Sínce positive, thc ¡ource vokagc lead* Ihe curren*. 

(e) The phasor diugram i* *kctchcd in Figure 31.14. 

V. \ U i a j i : Note thit l' a 1 1* ¡s greater than r. Thc loop rule ík *ati*(icd at cach imiancc oí time bul Ihe voliagc* 
aereo* R and L reach ihcit máxima al dilVereni timev 

V 




njni*31J4 

31.(5. loivurv: r Á it% i\ viven hy I q i M K| v ( (i) »g¡*«i by Eq (JL10l 

SKTtta ; Licwc 31.14, r « 30.0 V, i;*2UV, I; =13,4 V and <ft-26.6 4 . 

H\ia i ii : (A>The L'níph ñ gíveti in Figun; 31. 15. 

(b) The dirTcrent \oltagc« are v ■ (30.0 V)cc« (250r + 26.6 a ) f ■ (26.8 V)co* (250/)* 

v =<I3 4 V)eo*(250/i-90 o KAI í-20im: v=20.5V. v =7MV. v , =12.85 V. Noie that » + *v =r. 



Altenuiin? Curran 31*5 



[e)AI f ~40nw: va-l5JV, v,« -22.49 V, % \ - 7-29 V. Nole that v A + v¿ « v. 

tlx ai. i ati'.: H u importan! lo fíe carcful wi\h radian* \enaw deurce* ¡nabove expression*! 




Fiture3M5 

31.16. Id£\itfV: Calcúlate Ihe renctancc of Ihe uxluclix and of the capaclin*. Calcúlale the impedance and use Ihai 
iwuli fc> cakuhtc the curren! amplitudc, 

SO Lip: Wnb no rector. Z * JiX.-X, y - \X\ - X, l lan¿ ^ . JT tf m*X t m <*L For an 



— -667Í1 



inductor, the voílaue IcaiU Ihe curren! For a carucjlur, ihe voltaje lac* the current 



EXJXLTE: (a) A r . -w£-U50rad*KO t 400 >MOÜil. X, : — 

' 1 <25flrM*H600*Hr F) 

Z = - AT ( .| ■ |100 íl -667 fl|- 567 a 

r 30.o v 

|c> =/X ( = <0 + 0529 AH667n) = 35.3 V. i; -¿V, =<0.0529 AMIGO fl>-5.29 V. 

(d) tan J - ^ J — ^ ^ and 0 - -90^. Tete phasc angle ii negative and ihe *ource roltage Ug*. 
/ttn /em 

the curren! 

(t) The phasor diagram n tketched ¡n Figure 31.16. 

EVAUAIt: When X t > X. the nha%e anule ¡a negalive and Ate muree voliage lau* the currcni 




Figure ¿LIÓ 

lof.vnr* aiulSi.T l>: Calcúlale the imperHlance of the circón and use Eq.(31.22) lo find the current 
The veJiage amn) ilude* aero» each Circuit ctoncni are given by V.qx I 31 7| i 31 A3\. and(3l.l9)< Tbe 
n calculatcd umue J\a.\} 1.24). The circuir U shoxvn m Figure 3 1.17a. 




Ng 



«-20t>a C-6.00*I0'F. 
i ■ l.l : - ■ ■ radV* 



Figure 3 tA7* 



314 (hapirr 31 



wjnciim <*> ¿V- - 3 -666.7 n 

Z - Jtf J * < A\ - AV ) J - Jí200 ft)* * (666.7 tíy = 6% ft 

r jo.o v 

|b) j" — — - — — : 1 1- i - 1 A - 43,1 mA 

{€} \ i "i . , ... yl ,!■ >dc aero» thc rc*i*lor: V A -** (0,043 I AH200 H> - H 62 V 
Voliasc amnbiude aero» thc capacitor K = tt\ M0JM3I AX66Ó7Í1U 2R7 V 



Id) tan* 



— 333] *o¿.-73J 



200 ii 

Thc pha*c anglc « nccalivc* u> ihc tourec voluuc lag* behind ihc curreru 
le) Thc pha&it diauram i* iketched mutitahvclv in I'iuure 3 1.17b. 




ngpnUJTi 

W'. Thc prcicncc of thc capacitor cause* thc so urce voliagc lo lag behind ihc cimctiL Note thal V¿ +V t > 
Thc irwiantancotiN voltacc* m ihc circuí obcv thc loop ruk al all time* but because of ihc phatc diiTcrvncc* ibc 



31.18. iDtviwY: i>j(f)«g¡venby Eq.<3IJt). v t (f)ügíven by Eq.(3M6). 

So Vn PmmBMmám 31.17. r-jo.ov. r M *t¿2v, r ( =2*7 Vand *=.-73J°. 

EXECirrc: ■» Tbc grapti ñ given m Figure 3Mft. 
flr) Thc dilTcrcnt Wiauc are: 

v(300V)cciM250/-73J*X v t =(862 V>cc*f25Drk v t =(287 V)m4250f -Wj- Al r = 20 m 
v— 25.IV. ife-245V t v r «-27.5 V Ntffl ihai 

<c)AI r = 40im:v = -22.*V, v> = -7.23 V. ifew-ISéV. Noteihai tfc+^vn 
EVALUATE: It i* importan! lo be carefuJ wrih radian* va, üegrecs* 




Figure 3M8 

31.19. Ideviify: Appty thecquation* in Section 31 J. 

SVTDr; *w = 250rad* t if-200a ¿ = 040011. C-600 w r and I'- 30.0 V 

J(2OOn)%<(25Orad*HOO4OO||)-r({250riKÍ tH6íX)x]0 ¥ Fffl* =6010 

ib) / -_ = __-004°9 A. 
11 2 601ÍI 



lt£ \ aaJ lm "" 6?n | , -70.6*. »nd te volugc bg* te cunnt 
200 ti 



ALtenuiingC'uTTcni 3M 



tú) y A -IR- |0 0499 AH200 fli 9M V: 



&.0499A1 



- 33.3 V 



&C u5ur*d*Kti 00*10 F) 
I mi mi : if f v i !■ ■■ ■" . a r 4 + v ¿ + y ( * But ^ and Pj ate IS0° oui of pba.tc. %o s can be Urger iban v 

AtavAiue ofrirv, *», » iwgiuvt « ihai t 

31.20. iMOmm * t W ¡*givcnbYE<|(3l K). wtff) «gÍ>™byEq.(31.16j. v t (M « gr»™ by Eq.(31.IO). 

Stí Vfi FrooiExcrci»c3Ll9 ( r = 30.0V, K,=4.99V. *V*9.98V, V< * 33 .3 V and * — 70.6*. 

EXCCLTE: (i)Tbcgraph ñaketchcdin Figure 31 .20. The difieren! vuliagcs plottcd in thc graph ann 

vM30V t cttj4250r-70.6*) í v, = (998 V)co*|25ÚVK v ( = <4OTV)co*<250f 1-90^1 and v ( i (33JV)coM250í-W 1 ) 

<WAir = 20m*; V--24JV. i>=2.83V. 1^=4.79^ *v«-3l.9V. 
<f,Alf~40n»: v = -23£V. i>--SJ7V* ^*2.7IV, iv«-18.1V. 

E VALIATE: ta r»ibpamr;b} and {cenóle thai ihe M>urcc voltagc cquaU thc *um ofibe other voltagc* al thc 
given Ín*lant. He can: ful wiih ifccfcci vermut radian*! 




H*ure3Uü 

31.21. Id*.\iim and Ski l>: Ihc curren* i* Largc&t al ihc retunance frcuucncy- At resonance, X t ■ AV and Z -R> For 
pan *b> t calcúlate/ and u*e l*VtZ. 

EJOCITO (■) ¿-^-^2_-U3H£ /-PfJI-ISJrinA. 

<b» x, -i.'wCsSoon ^ ( =o»¿ = i6on z = Jtt i *iX l -x t y -^(20on>*>(i6on-soon) J = 394.5a 

/ -*VZ- 7.61 rnA. X t >X ¿ » thc mutcc v^gc lag* fte cimnt. 

E VALiATE: <^ - li^ = 710 rads* <»- 400 radxand i* le» Iban o%. YVhcnAKA^, X e >X L , Nolcthal/in 

parí (bt i* ku (han / in pan (a i. 

31.22. lot.xnF\: Tnc itnpedance and individual reactance* depend on tbc angular frequeney al whtch thc circuí t in 
driven. 

SET l i' The impedance U Z* ^R* ♦ | <wl - — L. J * currco1 P 1 r 11 W™ KST, and thc mOnmancou* 

valúes of ihc poientul and curren! are y - I cmia* I ¿L wherc tan ¿- <AY - ■. i and í - / eos <tf 

EXJXDE: (a>Zi* a mínimum when ™¿ . wtuch give* a> - , - ■ — -3162 rads- 

J¿C ^S t 0OmllMl2.5^F) 

3160 rad iand Z - ft - 175 a 

<ftW- F/Z - (25.0 VI'<175fl>- 0.143 A 



(c) i ~ I<xanM — / 2.WCOKU- t, «bich grvet í / -60* -x j 3 nd. »' ~ J'ccnl 

R -0 So, v - (2S.0 V) ccb« - (25.0 VK I 2) - 12.5 V. 
iv - Rt -<175 OVI 2M0.U3 Al - 12 J V- 



whcfetan^-|A\ -AVVff- 



■V * Ve coM^ - Wl - AV. cotlcM 90 p ) - 



0.143 A 



3162 iad %Ml25uF> 



ií60 , -9ÍT)--H.I3V. 
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vi- V ( co*t* ' 90») -M'¿ W)-rD.I43AX3l62RidsXS*0QniiriM<«O BN «- W). 

n--3.I3 V. 

<d>i> * Ví * »v* 12.5 V* (-3.13 V| *3,I3 V~ I2J V-v^ 

Ev aja ate: The mMantanciai* notcntial ddlcrctKci acrw* al) ihc circuí i cicmcni* alway * add up lo ihc valué of 
(he ¡tuurcc voluge al ihat mitant* In (hi* cose (rcionanccX ib: notcntiab acnxu ihc inductor and capacitar ha*v ib: 
%amc magnirudc bul are 180° oui of phaic* w ihcy aáá to xcro, leaving jII thc potenrul diffcrcncc aerva* ihc 
raíitor 

31.23. iDEvnnandSETtr: U*c Ihc cuuaikm Üut preccccJl Ed,(J 1.201: F*»FÍ +ÍK— Ifc) 1 



ExsctTE: r - J(30.o vr *ísü.o v-w.o vy -50.0 v 

Evajiate: Thc cqualíon follow* dircctly frorti thc pha*or diagram* of Fig.3 1.1 3 (b orc)< N 
amplitudes dunot umply add h» give 170.0 V lor thc murec vcJiagc 

31.24. iDKVnn andSCf Un X t -A/¿and X --L. 



Em:c i ií : (a) If ■ ' " 



X -úíL 



Ohcn A' - <wt - - 

: li ) When *w > A" > 0 

í £ > "hV I ■- : ' ■ ■ X<0 

(d)Thc cranh of A'vcrsu* a» b given in Figure 31 ,24. 
EVAUTA1E: Z - JPTx'and lanp - 
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Fípire 3 l¿4 

31.25. IDKNIIPK Fccapure rcsUlance, ^"^^«/¿Jt 
Si:f UP: 20 + 0 W ñ thc avcTagc powcr 

EXfttlE: (a) Tbc average powcr b onc-half thc máximum powcr, *o Ihc máximum intíantancou* powcr 
40.0 W. 

/» I0 + 0 W 

n») «ais7 a 

V„ I20V 
P 20*0 \V 

W 7T (0.167 A) 3 



Eyajiate: Wc can aUo calcúlale ti 
31.26. iDfcvrm: Tbc avetage powcr aippltcd by thc 



r¡ 020 vi* 

pairara* P = J S20.0W. 

R R 750 íl 

kource b /*- / coi ó* Thc powcr coatumed in ihc 



ScrUe: tf=2*/ = 2*fl.25xl0 ; 1Íz)sM54xIQ' ndfc. =<v¿ = l57ÍX JT tf - -909 fi 

ExeCI te: (a) First, leí u* find ihc phaic angta bcrwccn thc \nMiagc and thc current: 
un ^ ^ *' ~ R Xt - 3SQ * nd ^ - _f>5 01 Thc in T cdjDCC rf <lw circui1 h 

/ - jR*+iX l -Xe¡* * Jf^SOnpTí^TSÍf^ ■ 830 n. The average prm ¡ded by thc genérale* u Iben 

- U coüfi - *üco«^) - <I20V) coM-^5.04*) * 7 J2 W 



ALtcrruting Currcni 31-9 



<fa) The average pow diuipated by thc raí** b Jfc - t*Jtm [¿^) 0SOQ)- 7 J2 W. 

EVALUATE: Conwrvalion of cnergy rcquirc* thal ihe anrocri topan* (a) and íblarc cqual. 
JL». iDOmm The poner factor h akA wberc ¿ i* thc pha*c angle m Fig.31.13. Thc a*eragc r^ 

EaupUl} U*e Ibc reiuh of pan (a) torcn-rile thw c*pre»ion 
(»S»i Ur: The phawr diagrani baketched ¡n Figure 31.27. 

ExMcum 




~* m T m -tt~T 

» wa* lo he ihowiL 



<•»> r.. - - »;„/...! ? M a " -t"'-- » i. - 

fcvvilATE: In an ¿-tf-CcircuiL eleerrieal eocrgy bitorcd and rclcatcd in Ibc inductor and capacitor bul nonc b 
diujpalcd m cithcr of thc*c c ¡retal ctcmcniv The power delivered by (he %ource cqual* thc power dú*¡patcd in Ihc 
resblor. 

31.21. iMNTTJYñndSETljFS P^-V^J^coa^ co*¿--p 

EXECfcTE: / . !■ 7*c A. cq»4- 2?££- 0.714. ^ = (80 0 VXÜ.7Ó2 AH0.7I4) - 43.5 W. 

1 05 w M) 5 í i 

Eyael'ATE: Sincc thc a\cragc power conmmed by the inductor and by the capaoior b /ero. wc can alio 

eakulue the average power ■» £ « S^R ^ (0.762 A) 1 (75.0 O) ^ 43 5 W. 

31.29. lof\im and SE 1 IT; U*c the cqualion* of Scction 3 13 lo calcúlate o\ Z and V^. Thc average poner 
delivered by ib:icuri^bg¡vror^£q + (3J.31)andlbeavcragepi>ner db*¡patcd in ihe rablor b t¡ m ñ 

EXECITO (») X ¿ -eat. - 1.T IL -2.TI4COIUÜ.O 12011) = 301 oQ 

" wC"2FÍT" 2*|40Q NxM7Jy ID" I las> " S< ** 5 1 
tan <* = £«Z£l _ 30l.6Q-54.4lfl ^ 

240O _ 

<b> Z*JR S + (X a - X\ ) ¡ * J(240 íl)* * (30L6 O- 54.5 1 W * 344 íl 

<*> ■ ■ (0450 AKW4 O) - 155 V 

¡di =/^r^ci»^-<0.45OAMl55VK0697|-4R.6W 

<«> r - // (m /t - 10 450 A)*i240 ni - 4S.6 W 

Eyali'ATE: The average eléctrica! poner delivered by thc *ourcc cquaLs the average elecirical poner con-iumcd 
m Ihe resblor. 

(O AU ihe cnergy slorcd tn the capacitor during onc eyele ofthe curren! i* rclea*cd back lo thc circuit in anoiher 
parí of Ihc cycle. Thcre b no net diuipaiton ai cnergy in ihe capacitor. 

<f ) Thc arewcr b the same ai for the capacitor. Energy ¡* repealcdly being Mored and rekoacd in Ihc inductor, but 
no ncl cnergy i% di^ipated therc. 

31.30. lo*\iuv Hicangubr frequeney and thecapacilancecanbeuscd to eakulate Ihc rcaciancc X\ ofthe 

capacilor. The angular frequeney and thc inductance can be uted lo calcúlale the reaetance X, ofthe inductor. 
Cakulate Uic pfuue »gk ^ and then ihe power factor a co^ei. Calcúlale the impedance ofthe circuit and then ihe 
rnw current in the circuit. The average power i* t\ - i _ i wm On theaverage no poner h corrtumed in Ihc 
capacitor or ihc inductor it b all comumed in Ihe reñitor. 

V 45 V 

Sef V?z Tncwurceha-imi^voliage l'„ - — - — — ^31 > \ 

J2 >'2 
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' wC (360rad*x3S*10*F> 
tan¿- ^ 3 tí " ^^p^*^ " L ' 11 ' * - -72.4 & . The pmver facior i* cene* = 0,302, 

ib} Z- y¡R l *{X t -AV>* - 1 /<2S0n) i *(S.4a-TWn) í -H27Í1 s Í"l¿ ■ 0.0JH5 a* 

J^»r fc / itp eftií = (J1.8 VM0.0385 AM0»2) = 0J70 W. 

ItrThcavcragcpoweTdcuvercd 10 ibc rcúilor b ^ /^Jf -<0,03R5 A)'<250íj)- 0J70 W* The avengo 
dclivered te* Ib: capacitor and 10 thc inductor ti nn>. 

EVajv ate: On average Ihc powcr delivered 10 thc circuí cquaU Ihc powcr con&urncd 111 &k rciUior. The 
capacitor and inductor itorc c tectrícal cncrgy during pan of ihc current racjllatiun bul cach relurn thc «»ergy lo ihc 
circuí I during anuther pan of Ihc curreni cyclc. 
)ül. iDtvnn andSKI Vn At Ihc rcionancc ftequerxy. Z - R> U*c that P-iZ, V¡-SR, V t - ÍV f wnAY^^¡X c ,P M 
tx given by üq (3131^ 

<a)£XECLrrc: 1 - // - IR - <í» 500 A)(300 íi i -I 50 \ r 

X| - aiI ■ LiUjLC) -jLfC* 25&2 íl; *I2*0 V 

AV alfluO* i^ZTc = 25*2Í1; r r -1290 V 

<c) H -¿r/cp*¿ = ¿/'ff. once r-flt and jtrttonancc. 
f*, - ¿f 1X5130 A> : |300 íl) -57,5 W 

Ev alíate: Al rcMHuncc \\ -\\. Noteihat P^+fJ >*'♦ However. al any intfant 1 +f ¿ 3 a 

31.32. lot.vim: Thc curren 1* máximum at Ihc rc*onatKC rrequeney. M>chocue C*ucb that í\i ~ 50,0 rad s ¡ithe 
resonance freüucncv. Al Ihc rcionancc ftequeney f. R 

y 

fcxi ti ie: (ajTbcamfililudcof ihccurrent ugivcnbv / - ■ Thu^ thc current willl^c a 

(b) With thc capaciiancc calculatcd above we find thal A - R. and Ihc amplítudc of Ihc currcni « 
/ ^ JúttO O Thuv thc amplilude oribe voltaje acrotu thc inductor a 

V x - ti*L) - fOJOO AX»0 rad*M9 + 00 III = 135 V, 

E VALIATE: Noteihat ¡. ¡* grcaler ihan Ihc «ourec voltage ampl ilude. 

31.33. Idemih andSKi Ur: Atrc«nance X ¿ ~X ft ^- Dand Z ■ R. R - ] ívj íí l i- 7m* II. 

CftO.O180/íF.r-l50V 

EXECIJTE: (a) At ihc reionance rrec{ucnc>* AT f - AV andfrom un^< — — - have that / -O/ 1 and Ihc 

powcr facipr ¡* cottf - LOO. 

y v 

Al the retoaance freojueney /. - R.w i - — ■ - — 

■ l/rj ji ison 

í ¿ ) Evam;aTE: Whcn C and / are cbanged bul Ihc circuí U kept oci rcionance^ nolhing change» in 

■ r* .(2ÍÍÍ, 10 Ihc average pcA^vr ís uiKhangcd: P„ ■ 75.0 \V. Thc rcsonatKC frcquetwy cbange% bul since Z — 
R al tcftMiüiicc thc cuncnt dix^trt chance. 



31.34. iDEVnn: ^=^— . V c mIX € . V = SZ 
mi l 1 1 : At reionance. Z - R. 



AhenuiHM'Cutrci* ¿MI 



CxiXUTE: (i) - / - i 1 -1.54x10* rad t 

JLC ^<0.350II>(0.0120*I0* F> 

ib) VmIZ «f JL^Z -Í Jf_ljL A\ = — = ! -5.4UI0 1 a 

1^ ^ / * *>C (1.54* 10* radViKO.0120* 10* F) 

EVALUATE: The vottage ampliiude foc ib: capacitor » more iban a faclor of 10 lime* greater üian (he voliagc 
ampl ilude o fine «xirec. 

.11.35. iDEVfltYandSET l'f: Thc rcionance angular frequeney \% ¿j, - j£™ - ^¡ ■ <w¿~ A r ind 

Z-jtf+iXi-X^. Al the noMN frequeney AV»AV and Z-JL 
CxiXVYE: <») Z« Jt -USO 

ih)<- ; I v ln T >1> Ií... -2«xl0'rad* 

Je4.50xlO" 11X1.2**10* F) 

X^-t^clO- ^«450,1»* IQ-UM1 A'. '¿■ |1<6wWwJf l WJ5) . |0 . F> -»n 



z = J(ii5nr *íi2on-jonr - U6n 

<c> Ara^/ZaUSxIO 1 tadsL AT £ «3ÜÍ1 A^ --L= 120 íl Z-JíUSfl)* +(30 0-120 01* -146 íl, Ihe 
ñame valué a* ¡n pait ib» 

E VALIA TE: ]..r.- :. *X t . Fot w-aVZ, A' a < A",-. Bul LV - -V. r ha* ihc ume valué al ihcsc Ittw 

i -l k io/U ihe ame. 
.11.3*. loivnn: Al reronarKc / - R and X Í =X C . 

EXEtliTE: U> e = 1 - 945 racV*. 

V¿C ^0280N)( 4.00x10* F) 

K !20 V 

íO\ii,^-..kv. r^-120V. #;=*; W*£ = (1.70A)(945iad/*H0-2S0*0-450V. 
E VALLA TE: Al resonante* K,«F and >¿-í¡ -0. 
31.37. Ide\ii*v and Ski Un Eq lí 1.35) iclatc* the primary md ftccondary vohages to the numberof turra ín cacK. / - 
y ti and Ihe fwwcr conwmcd in thc re*i*ijve load i* i' a ^ - V M >R* 

K \\ ,V, K 120 V — 
lao™ W _-_ M _-_-__-ia 

m r„ = i' 2 r * (240 Ai J (SM n> ^ 2*8 w 

(d)Thc pinvcr dnittTi fn>m the tinc by Ihe tnmfonnerklhc 28. KW ibai i* delivered by ihe load. 

fc 28 IV 



And^J (100n) = (IO> ? (500n)s500a uwutobc «hown. 

Ev alíate: The re«i*tanee u "tranülbrmed". A kiadof reüitancc R coimcc ted lo ibc ¿eeondary dnm*t the 
powcr a* a resísiancc (jV,/ jV^I 3 JÍ conoected dircctlv lo ihe "ipply Ime. withoui UMn? ihe 
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HJfl. iDDfnm p+ =vr «id p„ a = p„¿- 
StiVK *>Í20V. ^ 13.000 V. 
ExíXite: (i) — - = -L 



*V, V t 120 V 
<b) t\. * «0X000 VX&50* 10 » Al* 110 w 

EyaUtaTE: Sincc the powcr *unp1icd lo ibc pnirary mu&i cqual ihc powcr óclivcrcd by thc sccondary* in a tfcp- 
up trar&formcr ihe current m thc prímary i* cicaicr trian ihc current m thc ¡tccondary. 

Idemih: A iransfooncr trandbnra \ultacc% acconling lo — — — Thc ciTcelive rcM*tancc of a scconchry 

JE 

circuil of rcñirancc R íi /(^ = . . . Resillante R ii rclaicd lo P tt and r by - — , Conscrvalion *rf cncrgy 

{NjfNiY R 

Up; Lct r¡ - 240 V and * J - 120 V. *> fc. * 1600 W« Tbcic 



EJOCITO (*> r - 240 V and wc i*aol l\ ■ 120 V. mi use j siep«hnvn tunMbrmcr i*iib 

<c>Thc rc*i&iancc of ibcbUwcr i* ií -iL=íll!LH. -9.00 11 Thc ciTcelive res» Manee of thc blowcr h 

P IÓ0OW 

E VALIATE: />■ ¡=(13.3 AK120 V) = 1600 W. (inctgy ¡i pcw ided to thc primaryal thc*amc ratclhalil ¡s 

con&umcd in ihc iccondary. Stcp down ttansfotmen *icp up rciblancc and Ihc curren* in thc prirnary i* lew ihan 
thc curren! in ihc sccondary* 

31.40. lotvnn: ¿ - Jff J + (\\ - A', >\ wiib A' f = a*I and A',-— • 

Sr.r I'p: Tbc wofer ras a R and ¿ in ktíc* and thc twvclcr ha* a /¡and fin ¿cries. 
EXECLTE: (a> Z M - JFTÜfaC? 

ib> Z^-,/* 1 

<t| If ¿ ri li , * Z_ then ibc current «nlil* evenir ibrough cach branca* 



(d) Al thc iTOvMrtcr 



pcnpi, where curreou are cqual. J 4 [l/tíC 3 | = ff ! * (oí! )\ ai * — and 



Eyall Alt: Thc crossover Jrcqucncy ccercqiond* lo thc resonance frequeney of a R-C-L circuít. nnee thc 
«*«■■■■." rrcqucocy r* where A* t c A^ . 

31.41. lot viu^ andSi:i Ur: Une Eq.(3L24) lo rebte L and R lo A Thc voltage acrm* Ihc coil lead* thc current i» it 

by 52.3*,» #-+52.1» 

Y — Y Y 

KxittlE: tMij>« 1 ^ ' Del there » no eapaciUnce io thc cueuit *o \\ -0. Thira tan^--^- andA'. - 

Alanci-<4S + 0n)ian52J p -62.ia X. -áu¿-2rf£ «>£>-—£-- — 62 1 n — -0.124 H. 

1 2o-/ 2t|X0OH/) 

E yam:at£: > 45 D when {X t ~X¿¡ > R+ which \% ihc case here. 



Al. .y.'.,,, ■! li c r _ ■ M L! 



E\K( nt: (» w = 200 rail*.*» X t = <vl- (200 radSHO 400 111 = 80011 and 

AV= — = ! -833Í1 Z = J(2O0 ftr » <R0J> O - 833 ft) J = 7?í íl 

*C <200 rad*)(6 + 0Ü*10 * F) * 

=— = 2L2 V =00272 A, r ( rcad* ^„ »/„.* = (0M72 AX200fli = 5.44 V. I rcad* 

r,.*Lf =(0,0272 AXBO.O O) = 2.1B V. r, read* V % m m Í^X t ■ (0.0272 \ ■ • - ft) = 22.7 V, *; rctds 

Ir -r (rt J = |2.ISV-22.7 V| = 20.5 V. K read**' =21.2 V. 



<1>) rv = l000rad* + w A*, - AJÍ. -|5mKü<IU>- 400 £1 and A>«— — =16711 

Z - J(200 O)* * <4O0 n - 167 £11* = 307 íl # M 1^ - 0X1691 A. V t rcad* = I3.S V* Jaread* 

^ M «27.6V. read»r í|M *IL5V. *; -F í fc |= [27.6 V-L l.S V|= 16.1 V. \\ rcadi 

E VALI 1 ATE: The rcwmancc frequeney for Ihix circuí! i* <a . ■ ■■■ ■ 645 raaY& 200 racVi i* lera Ihan thc 

rcwmancc trequeney and A* ( > X ± , 1000 rad't » grcaicr than Ib: retunance frcuucncy and X J > X t . 

31.43. fDi.Mm and SE I l.>: Tnc rccúfícd curren! cqual* thcafaoluic valúe of ihc currcni i* Evalúale thc integral ai 
*pccificd in ihc problcm 

ExKttTE: (i) Frorn Hg.31.3b. the rcctifcd currcai U neto al thc *amc valúe* oft fbr which thc *inu 
currcnl i* rcru* Al (hese L ecuo* -0 and aií =±jt/2, £3t/2 é .... Thc lwo ¿malta** po*iiivc time* are 



(b) 4 « ^J*J - -J* /ooMfe* = in n» J m-L(¿*mt t ~ 



= nn[wívrv >j I] * nnf> i 2) » I 
, *:n[,.^r L->tl nm Vr 2i i 

<c)/ fc </ J -f l )-2//« 

i m = — — = -H, whk±Í.Eq.pi31 

E VALÍ ATE: Wc have *hown thal Hq<3l Jjiicorrcct. Thcaveragc rcciifíed currcnl i* lev* than ihc currcnl 
amplitudc /. lince ihc rcctificd currcnl varice bctwccn O and /. Thcavcragc ofihc currcnl ñ 7cn>, *incc il hai bc4h 
piwiti\c and ncgativc valúe* 

31.44. InDflIPV: X x -tíL Pn^VmJ ****** 

sirlp; /-1201b; « = 2r/. 

<b( 2 = Jií* -íA:^ =^(400n) J t(250nV =472 íl cc« ^ ^ — and i tm r =LrL^, n> 



r =rí^,(472£2)&Í:,66 S V 

- 1ÍT 1 r vlooñ 



EVAUTATE: í^~^= 668 V - L4I5 A. WccancakuUw ^ ai y^ff = <L4l5 A) 3 (4(I0 fli = «00 W, ttnkh 
dHckx. 

31.45. (a) ImiMin andStrllP: Sourcc \0hagc lags currcot m» Ii muit be ihat AT, >A\ and wc muM add a 

tn icric» uiih rhc círcuil. Unen ■ A\ Inc pertver fackir ha» il* máximum valué ofuniiy* *o cakulate ihe 
addil»Mul¿nccdcdi0rai*c A\ toetiudl A; 



31-U OmpicrJI 



(b) Exm: TE: píhvct factor c»*^ cuual* I so o - <l and X, - A\ . Calcúlate thc prcscnt valué of X t - X¡ to 
swhowmuchmorc X t ¡snccdcd; A ■ Zco*¿ ■ (60.0 QHO 720) ■ 432 fl 

cm^ * 0,720 gira ■ -43.95* ( # ¡* negative *ince the ■ .■ iag< lags ihc currcni} 
II'.,. X L -X t ítuntt = (43.2 £Íiiari<-4J.*5 ; i- -41.64 11 
Thcreforcnccd toadd 41640^. 

A\ = <ul - lr/£ and ¿ - ¿i- ■ 4164 -0.133 K anuxjm of induclancc lo add. 
2>r / 2t(5I>Q la) 

1" \ \i i a j i : From ihc ¡nlbrmalion givcn wc can't calcúlale tbe original valué of 1 in thc circuí L Jusl hcAv much 
lo add Whoi this ¿ i* addcd ib: curren* ín Ibe eireuil will ¡ncrcasc. 

31.46. iDtvnn: Use r fc - i t j£ lo calcúlale^ and ibcn finí! R - 7^5 

setup: a; -so.on 

exechie: /-is.- ji^Y -ao.ons jjg'i-x/ - Jry+t'so.onV. ti™* 

A - ^(HOOÍiJ* -(SO.Ofi)' * 62.4 Q Thc average pt"*cr suppJicd lo ibis eireuil i* equal lo me powci diuipaicd 
by ihc rcsisior, vrtiicb ¡* P-/:_£ = (3WA)'(62.4n)-562W. 

KVaj.iati : tan c^* 1 ""*'^" 50 00 and ¿ = -38.7*. 

62.4 íl 

= tV*. ™¿ - (240 VX3.00 A>co*i-38 7°) - 562 W p «bicb checlcs. 

31.47. Ide.viim: The voltauc and curren! ampl ilude* are thc nuximum valúes oflhcic quartlitics* rwt ncccssarily thc 
insiantancous vakics. 

Sur Up: Tbc voltage amr^itudcs are Pj-JbT, V¿ - A^A and V c - X¿, wberc y - KZmuJ 

EXECLTE: (a)o>- 2vf- 2x11250 H*l - 7S54radv Carrying cura figures m thc cakulator gira A7 - a£- 
<7K54 radsXJSO mil}- 27.5 íl; A* r - VaC- 11(7854 rudV(K10.0/fF)J - 12.7 ít 

Z*^X i *iX A -X f y t " i/(50 + 0 £1)* *(27.5 O- 12.7 íl)* -52.1 ít 

/» KZ- (60.0 Ví'(52,l O) - L15 A: *V " *f -<50d OHL15 A) - 57.5 V; 

*'i -AÍ'-(27.5Í1XM5 A)-31.6 V; #V * A</~<12.7 OX1.15 A)- 14.7 V. 

The voliugc amplitudes can ackl to more ihin 60.0 V because ihese voltage« do not all oceur al ibe same in^tant of 
time. Al any imionL ibe ínsUnianeous voltagc* all add lo 60.0 V. 

(b) Alloribem will change hecause ibey alldependon <u X t - ¿<¿. \si\\ doublc lo 55 Oil and X, - l.'úCwill 
dccre*c by balito 6.35 íl. Tbercfore Z»J(S0J3 0)^(55.0 Q-6JS Íl) 2 - 69.S íhf- VfZ - (60X1 V)'(69.8 n> - 
0.K60 A: 1> - IR - <0.S60 A)(50.0 íl} - 43.0 V; 

íi-tti- (0.860 AM5S 0 O) - 47. J V; V c - ¿V< - (0.K60 AK6.35 íl} - 5.47 V. 

K\ ALl'AfE: The ocw amplitudes in parí (b)are nol simple mullirles oflbe value« Ín pan fa> hecause Ibe 
imnecbncc and re acriances are nola.ll ihe same simple múltiple of Ihc angular frequeoey. 

31.48. iDDflUVmfedSETUP: X t — . X t muL 

IXEClíre: and ¿C--^. Al amrular frequeney ** :L =&¡LC = i2&.)*-l r *4. 

a^C «f X f l/*)C w^' 

M Al angular frequeney a»„ ^Í--»;IC=|^| 1-^1=1. X C >X. 

av Va^^í 9 

EVALUATE: When f¿> incrcascv A*, iocreasesand X t decreases. XVIka ^idecreases^ .V decreaicsand X t 
increases. 

M The resttnance angular frequertey i* Ibe valué of <a for nhich A*, - A'. . w 



Alw.T-itiíHri uta t W L< 



31.49. Id£\iih and SKI 1."f; fcxprcB / *md / m tetrn* of a», C and A. The voliagc* acrou ihe resistor and lhe 
inductor ore W 1 oul oí phase. so ^ - yjy¡T^t* 



ExitLiE: The cxrcuit Uskclcbed in Figure 51.49. 




Z 



F'iciirv.lJ.W 



Thcrcibre — 



v une 



Therefore, — — -* .J— — • 1 a> bceomc* large. 



E VALI' A TE: i >0 «tí become* «nall, so ihere i* *^ ooly wben the ftequeney ^ of r i* latee. If thc 

tource volugc cixinim* a nuinbcr ol frcviucrKV conwonenlx, onlv thc high frtuucncy orv* are patted bv thi* fiílcr 



EXJltuiE: K — = K - — - — - 



.■i 



EVALt Alt: Whcn i» Urge 4 A' u &trull and ¡* Urge íoZís Urge and ibc current u snull Bnth factor* í 
}^ ■ IAV are «nuil Whcti i* xnuIL AV U Largc and Ihc vol taire amphtudc aero» Ihc capacitor i* much larucr 
(han Ihc voltagc amplitudes acrou thc rc*»*lor and thc inductor. 
31.51. Id¿mifv: 9~VfZ «id /*, - i/ J JI. 

SET UP: Z - J&'+i&L-ltrtC? 
EXECUIE: Wt-L.- ! - t 



Jl-I* Chupttr 31 



[el Tlte averaec pn\u r r and the curreni anvtlitudc ate both 



íbr 1 j" ■ 



mi c 



wboi the dcnmiiinattir u Mmtlc*t* whtvh «ecurs 



25^ 



(200£2) +(a*42»OOIÍ)-l/|&{0>5QO*]O* F»)" 4Ü t 00Ott J *(2Ar*-10OO,OOoV 



The grapa of í\ venus & n *ketched in Figure 31,51, 

EVaLí'ATE: Noce thit un ibc angular Irequcocy goc* lo <c tiro, the power and curreni are jmajusl as rbey are 
ulten rhc angular IrequcncY $oc% lt> inOniiy* This graph exhibiti (he ¿ame vtfonwly peaked n&lure a* the lighl 
purpk curve ñ Figure 31,19 in ibc icxtbooV 
Fura 




I ¡xíire 31,51 



31.52, lotvnn: V t -I&Lnnd V 4 — 

SETUF: Probkm31,51dton«(hat / 



EXIXLTE: (1) \\ -i^>L- 



10 The giapht are given in Figure 31*52. 

ía U i i jí : i el h Whcn ihc angular ftequeney is /cnx ihe inductor ha* ¿ero volttgc whik ibc capacitor ha* 
tulluge of 100 V (equal lo ihc loial tourec volt ave l> Al verv hi&h frcüucncKS. the capacitar vtiltaec «>c* lo veto* 



ulule the inductor' i voliage gnes to 100 V, Al 
1000 V- 



777 



- 1 000 raüVi , the l»« votaste* aie etfuiL and 



i.i. 



ano 



ID» 




[_ Anguur 

¡JM * 1<I* I.W * I0 1 



Figure 31.52 



.11.53. Idevtoy: t/ É -£Ii\ C/ £ «JCV\ 

Ser Vfz Let <*) denote the average valúe of the quantity *. tf} m 4f* and (vj) -7**/, Prableni 31,51 show* 

that / 1 Probkm 31.52 diwithat I ■ : 



¥.\íX l Ti": 



[bUJMtíg Prob1em3I.Sl 



Umu PraUfla 



(31.47b): (C/ f )-iCT^ -ic , f 



(c) The graph* of thc magnetic and electo; encrgiei are given in Figure 31.53. 

EVALUATE: (d) Whcn thc angular frequeney U xenx (he rragnetic energyxtorcd in thc inductor u xcox »hik thc 
flccirK encrgy in ote capacitor is L\ ■ Cl* i fA* A% thc Ircqucncy gocs m iniinity, ihc cncrgv milcd in bolh 

i— í 



inductor and capacitor uo lo /ero. Thc eneren* curial cach other at ihe rcionant frequeney where ta. 
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31.54. Ji>i ^ i ih \ : At uny in&tant oí time thc xamc tutes appK to thc parallcl ac circuit ai toparallcl decircuil: the 
vuliagei are thc ame and the curren!» add* 

mi l i' Fot a re*i*lor ibe cutrent and voltagc m phu&c. For an inductor the vottuge leude thc currenl by 90* and 
Cor a capacitor the voliagc lag* the currenl by 9i)'\ 

EXKttTE: (a) The paral leí ¿-A-rTcircuil muit luve cqual poietilial dropi over thc capacitor, inductor and 
resistor* so i* 4 — *¿=v f - r. Abo* thc mm of currenta cnterínganyjunction muit ct|ual the curren! Icaving tbc 
junchon. Tbcrcforr, the *um oí the currcnti m the branchc* mu.%1 cqual thc currenl througb Ihe 



: 1» í ■ — i-- alway* in ptune wirh the tultagc r t ■ -y lag* the voltage by ^0 , and i t ■ w < ' leaib Ihe voltage 
by *XT The pha&c diagram b ¿Lctchcd m Figure 31.54, 

(Orromtheiagnim, J 1 -V+(t-#-í»fíl +(k*C-_L| 



Id) l'rom part (c); /-K 



31 1M í hjpcrr M 



EVAUUYE: Forlargert, Z -* 

mhcr branche* Forsmall 0 
niher branchc* 



. The 

-»ftí£. The 



tn ihc capacitor branch i* 
in ibc imluvtive branch t 



larger than ihe curren* in ihe 
larcer than tlie current in ihe 




.11.55. lofcvim: Appry the exprexiion Ibr / fnwn prublern J 1,54 when t& - IV J£C 



SETUP: fWnProfataii 31.54, /-I 



Exkíite: (■) At 



W ■ — 1- cos^ ~ — al retonance where R '- power u a ma.\ittium 
/T R 



(c) Al ^ - , / and I ¿re in phatc. mi the piui*c anglc « /ero, vihieh 1* Ibc 

EVaWAIE: {di The paralle I circuit i* skelched in Figure 31 35, Al rcionanee* | | | | and di any mnant of time 

ihese twocurrenfc are in oprxuiic direelioni- Thcrcíbrc, ihc net current hctween j and b i* alway* vero. 

le) Ifihe inductor and capacitor cach have Mime resinanec. and these rctulancei arcn't the ¿une* iben it ú no 

(mu-'Ct inic thal ¿ * j - Q and Ihe statcment m pan td) ivn'i val id 



.11.56. iHNlirK Referió the rc*ilt* and 
eacb paral leí branch* 

SETUP: VmJlV mllW 



phaMir diaurjm in Probfcm 31.54. Tbciourcc voltaitc i* applicd acrovt 



K 3 1 1 V 

EXKCKTC: (a) - - -— - 0.77K A 

|b> =raC = (3U V||360radyi){600xi0* F) = 0.672A. 

(d) l-jil + i; - A)* +(0472 A)* 3 1.03 A* 

<r) LcadMincc c*>0 

EVaIA'AT E: The phavor diaeram show* that Ihe current in the capacitor alway* Icaifc Ihe sourec voJiage. 
31.57. iDEVnrv andSKT Vti Rcfcr lo ihe rciulh and the phasor diagram in Problcm 31.54. The tource voltagc ii 
applicd aero» cach parallcl branch. 

EXECim: (a) =r&C:f,- — 

R &L 

(b) The graph of cach current verstus /■* is gíven in Figure 31 ,57a. 

Al loxv fretiucncics* the curren l i* not changing much tu the inductor'* back-emf doeoi'l "resistí/" Th« aJIowi ihe 
eurrenl lo psuu fairly freely. Ncnvoer the eurrent in Ihe capacitor goe* lo »robecau»e it lends lo "fifi up'"overmc 
?tkiw neriod. making il k«elweti\ t e al pa**¡ng cbarge. Al bigh freq^iencv, ihe induced emf in the ino\iclor rciiiu 
the violent cbanues arul p^Me% hit le curren!. The capacitor never uett a chance to Till up so |M.M¡es charue freelv. 



.\l-...Tjr,ru.'i uíi. i. S\ l** 



(di 



J¿C ,/<2DHMD,5ü-l<r Fí 
Figure 31.57b. 



ID00tad/*cc and /-159N*. The 
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110(1 VKlOOOs '«asoxio* F>- 
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llDODs H'2.0 111 



- OJO A 



s«/aC = <I0ÜVX1ÜO0* 'XO.SO*IO A F)-O.O50OA an J ^■ÍLmÍÜBX 

J? 200 ÍJ 



l- v u nit : Al tCMMuncc ( - j -O í»i al) lime* and ihc cunen! thnxivh ihc Kiurvo cqual* ihc cunvni ihnmuh thc 



nmnor. 

f(A] 

i: 



■I (Ti 



ii ii 




M 



Figure 31.57 

.11.58. Idemim: The average powcr ikficndi on thc pha&c Jingle £ 

Sn Lk Tbc averag* powcr U P., - F^/^cw * ¡»nd *e irapedance ú Z - tJ^£--Lj . 

I \j í i ii : <m>f\, * U*»» f>- -f (UpA »bích pvwcot ^ ta +- rJ - 60 ; , lan - Al->«, 

«htch .1^-. (ta ... i ú l.'oO'ff- Uiing* 75J>Í1 í 5 ihmi-.II ..mJC 2 l u «I ' and *olving f« <« wc gct 
m- 2&760 rad * - 2& t 800 rad* 



(b| Z - JÍFTuT-XO*. «tere AV - *a£ - (2JE .760 rad*)i5M mJI) - 144 íl ; 



J< ra 



Cli" ti 



na 



^r-l w - lK28J6Dradi>|2.MI^FH- I J.9 fl, givmg Z 

/»*'vZ-*(l5.0VH150n)-OlOOAaDd/ > „ - i I7cw¿- ^ (15.0 VKOJOOAX1"2)-OJ75 W. 

EVALUATE: All ihi* powct i* disnipated m ibc rc*i*tor bccauic thc avcrjgc ptnvcr delrvcrcd id thc inductor artá 
capacitor is wn>. 

.11.59. iDíMin: Wc knotr A. AT € and *> Eq(3 1 >24) tdU u* .V..*l."*c /y -/...A Irom üxercuc 31.27 toeakubte 
Tlien calculitc /and uic Eq + (JI'26| tocatcuUic F ifc íbr ihc ¿curec. 
Sn DR Sourcc volugc lagi curren! w> d - -540°. IT, - 350 tt Jt - IHO a /V - 140 W 

EJOCITO (a) tana»-*' 



A*, - tfuro** X t -ÜSOn>ian<-54(ri*350n--248nt 3500-102 0 

(b) = F^/^»a>=/^ff (kwrcü* 31.27). - - -0M2 A 

(c> Jtf+iXt-Xff - J(l80nr»ll02n-350 tt) J -306O 

K m - lj£ =■ (0JS2 AXJ06 O) - 270 V. 

BVAUUtn Wccould ata ute Eq + (31.31): ^ = r^./_ca»¿ 

IV > A'. . and ib» agrecs with whal wc fmtnd 



Chupttr M 



¿ J.AO. lot.\iinaiulSr.Tt>: Calcúlale Z and i-VtZ. 
ExECLTE: (a) Fot <v - SOü rad/v 

/- Jjr' + («¿-l/«pT)* s ^$0Qm^Íimr^%M2 QU)-\/{mttrid%)Í^0xW' F)» ¡ . 2^10300. 

J = — = -OJ3971 A. Ij ■ W -(0.0971 A)(SlKm)-4&ó V, K = — -243 V 

Z IÜ30Í1 4 * *C <800rad.*H5,a*iO Fl 

and *; -/«¿-(0JW71 Aj(fiOOrad/»«2 + OOH)-l5>\ ¿ = arctan j^'^^j , -60.9°. The grapfa oí cacb 
vulijge vcrvut time ¡i given in Figure 3Ló0a* 

(b) Repealing exacily (he same calculaiioai a* abo ve Iw w- IQOO rad 1 *: 

Z-R- 50 i I 0-0; / -0200 A: *¿ - r - 100 V; I; - I* -400 V. The graph ofc*:h Wtage venus time « 
civcn in Figure 31.60b. 

U) Repcaiimj. exacily ihe xame calculaiHwn as pan (a) lor íj - 1250 nnl *: 

Z«tf-I030ft #-**0>9 p ;/ -0.0971 A; r ( -4S + 6V; V t -1S5V; *; -2«V. Tbegrap*i rfcach voluge 
versu* time u given tn Figure 3 1 í>Oc 

EVAUUYE: The cettiurcc frequeocy i* <o x ! ¡ ! lOOOrad'v For gkai thcphase 

4LC 7<2.0OIIKO5OOpF) 

uiuk is negairve and fox <q > tbc phase jjtglc i* p<witivc. 
300 
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.11.61. IO£\imatulSi:Tl.>: Eq.í 31.19) alio** uMiic^ubtc / ar*l thcn liq ! *J 22) givcsZ Snlve Eq .0 1.21) for ¿ 
EXECIin: (*) K - SX t so/-—- 0.750 A 

r 120 v 
ti» v*ízm>z-=* i6on 

/ 0.750 A 



(c) Jmf+^-Xj 

X l -X £ m±jF^F, SO 

XtxXfZjz*-** A^(i6oni i -<so.on)' -¿son 1 139 n 

A\ -6l9flor34in 



(d) EVALUATE: AT f - — and A\ - wi. At 



AV. As thc frcquciwv ts bwcrcd hctow ihc 



rcsonancc frcqucncy A', incrcasci and \\ dccrcascs. Tbcrclinc. for t i . A < A^ . So íbr A\ - 3JI n Ihc 

¿jurutoi frtqucncy t\ Icm than thc fc»maítcc angular ficqucncy. *tf ugrcatcrthan wrtcn A\ -6I9Í1 But al 

lítese rwo valúes of AV. ihc magralude of X I ~X < folhe *ame so ¿and /are thc same Inonecas* {AV -691 0} 

thc source volite leaos thc currcnl And ¡nibcothcr (A\ = 341 fl> thc source voltage lagi thc current 

.11.62. IdlvufY and Sil i Tr*c máximum jxusiblc currcnl amplitudc oceurt at ihc resonance >umular trvqtítntv 
because ihc impedance u thcn sm;il[cu 

Exik i f i : < a) At ihc (caimanee angular frequeney «, ¿li\/£C. thc currcnl w a máximum and Z ■ /?, uiving 
- K9t Al thc rctfuircd frequeney, / - / — a I^IW- Jw3 - (í Jfh 3. wh»ch mean» thai / - 3A\ Souannií 



givc* iT * (a¿ - VtíCY - Vft . Solving for «give* m- 3192 x 10 rads and *- s ,35 N 10 rads 
»r«^-<fi[IMV)-«V. J*^^-Í1^0.132A. 

Ftir *v-SJ5*l0* rads; ft- 125 O and V k - /í- 165 O; -V t ~a>L m 125 fl and K - 16JÍ V; 



A - 



oC 



Fur *w -3.192* 10* rads: tf-l25ft and IV -«-16.50; AV -«¿-479 O and P, -632 V; 



12511 and V -165 V 



EVaj i aiE: Fot ihc lowcr frequeney, AT C > A' t and V t > \\ . For Ihc higher frequeney* AV. > X t and V t > V c . 
MAX toixim andSKi Uf: Cooüdcr cyclc oFthc repcaimu curtcnt ibai tícihctwccn < ■ r 2 andi. -3r;2. En 



thbiitfcrval /-— (í-r). id and /.„ — — 1 1 . ^ 



l II i 



'-■(^)(x-¥-T*t)- ,2 '-'*<'- |! -" j >-7 ii3 - |3 >- 11 



EVAUTATt: In cach c>vlc thc currcnl hai a» much 
il^ayi potilivc and iis avetage t% nol /ero. Thc rclation 
difíTcrcnt from thai for a sinusoidal currcnl (Eq J1.4^ 



as poi iiivc vatuc 
/ nd ihc cutrent 



av^rage is/cro. f ^ is 



M-22 ( hnpirr 31 



31.64. iDtvrUY: Apply K„*f„¿ 
L 



EXECUTE: <*) / ~ . — r - — 

|b> Z - ^R* +i<aL-\¡*C\\ Z - ^50afl> ; tU786rad/i)(1 + 80H>-L/«7K6 rad 1 1*900*10 T F»> ? - 3G0Í1 

z 300 n 



Subttlilutüig in (he valué* \at lh¡& ptohíenv (he cquation hceorncMftrV<3.24) *^í-4,27* 10*)* L23 - 10' - 0 
Solving thn quadntic cqualioci in a> ; wc fínd af* =&.90xl0* ná i /% ! or 42RX10 1 rad 1 .*" and 
a*-W3rad/*oi 654rad/í. 

( d > < 1 1 /f i J00 ÍX / í## „ - 0.200 A, ^-Ak| = 2S9rad/%.(ti)ff-J«a = 2A. (■■■.■ | 28 red ■. 
<hi) ff^a r M *30A, ^-Wj^lKH rad* 

E VALiATE: Thc width gcls snuJIcr a* A gcls unaden / M gct* largct j¿ gci* smaJler. 

31.65. Ioimim; Thc rcionanec Ircqucncy. (he rcactincei. and Ihe ¡mncd&ncc a)l depend on Ihc valúes of (he circuit 
clcmcnlv 

Si r Up: Tbe rcionanec Ircqucney Ua^ - I .' JtC+ thc rcucuncc* are Aj ~ a¿ and A' ( ~ I and Ihc impedance 

Cxicnt: («) *tv -1' JlC becomes ■ 1 ■ -» 1. 2. w Ab dccrca*c> by-r. 

(h) Sinec Ai ■ íuL if £ iidoubtcd. Al incrcaicsby a factor of 2. 
<tt Sincc AV - : i cbublmg C acercas:» AV by a 1 -. - : of i. 

<d) Z * JF7iX^1^7 -* Z - J(2Av.í2X a -Í.A: f ) í 1 » Z doc* oot change by a *¡rnplc faclor of2 or }. 
EVALUATE: Thc impedance úoet nol chance by a simple íacior^ cven ibough (he oihcr quantitiesdo, 

31.6o. Ipt.\rm: A iraniformcr trawfonm voltawes accoruuig lo — ■ — Thc cffcclivc resistance of a iceonchrv 



rircun of reiRtancc R h R t - 



UP: *V a = 275 and K - 25.0 V. 
EXJXIIE: <«) r J a^(A F j/A' ( ) = (25.0 V)(834v27S)-75 + K V 

ib) ff . i — — 1^12 — -13.6 0 

iNJS\y IH34 275)' 



Evam:atE: Thc volugc 4cnu% ihc secundan u greater (Km thc voltauc acm» thc niúnan* unce \ > .V, Tbc 
cITccirp v load ruitUncc ofthe xccoodary tt le» than Ihc re^ixiaoce R connecicd jenu% (he iccondjn'. 

31.67. iDEVnrv: Toe rcMinance angular Irequcney b - ■ and Ihe reicetanec Ircqucney w /, - 

Ix-JLC 

Si:f Up: b «idependenl of iL 

EXIXtTE: (i) *■/ j tir /independí only tm /_ ¿nd Cío change thc*c quanlili^. 
ih) To doubie ov* dcercaic ¿ and C by rnulirpiying eaeb of thetn by ¿. 

EVaLí'aTe: Incfciiinc £ and Cdccrejnc« (he resooance frequeney; decrca^ing ¿ and C incrcaie& Ihe rcionanec 
frequeney* 

31.68. locvn»Y: AliMMDCc, Z**. t*V(VL *V = Jff, K f «iAV and ^-IA F ^ t/ f -^C*£ and ^ -jü^. 
Si:f Up: Ihc amp1iludc% of eaeh lime dependen! quanti(y eorretpond lo thc máximum valúen of (hosc quantide^ 



Alfenuting Cuto* 31-23 



V Y I V 

EXECLTE: (■) / | - . At retonancc <aL - — - and / w - — < 

Y V 



fo\V c miX c m 



' 2 * 2 tr c 2 ir 

1 2 2 F 

EVALUATE: Al KMMuacc I* - I', and ihc máximum cnergy %lorcd in thc inductor cuual* ibc máximum cncrjjx 
slorcd in thc capacitor 

31.6*. Idimuy: /-IV*. K =SX, and K,. « £r¿. Ug-iCVi máb\-$U\ 

Sr.r L'P: Tbe ampliludc* of cach lime dependen! qutmtjty txtrrciportd lo ihc máximum wluc% i>f lluitc quarrtilic* 



2 

2 K ÍL 2V 



4C V *C 



1 2 * ,!.»! 



4C 
I il' 1 



2 

4C 

EVALt'ATE: For «<at,* J' t > í : jml thc máximum encrgy ttoted in thc capacitor n grcotcr ihan thc ma.\imum 
cncrgy itttrni ¡n ihc inductor. 

31.70. iDEvmv: f.r/Jt. r t = *; =/x ( and *i-ar A . í/* -±oí «i 

Skf Up; Tbc amplitudes of cach lime dcpctldcni quantity txirrctpond lo Ihc máximum v alúen of litote quantitic* 
EXECLTE: Af -2a\, 

M - 



4C 



«* * 

4 r 



Rt 4C 



31-2-4 CJwpirrJI 



1 +<U 

Hx ai.i ati ; For tú >gv \\ > V t and ihc máximum cncrgy *lored ín the inikiclor i* grcatcr ihan the máximum 

eneruy itnred ¡n (he capacitor 
31.71. Idemih andSEl Vtz AMume ihc angular Ircqucncy of ihc murec and the rc*i*tancc ¿f of tlic resillar are 

ExiitLTE: Conncct ihc murec. capacitor, tvsivicr. and inductor in *cric*> M tature '*,and r t . — - - — 

y¿ m h 

and L can be alculaitd- 

EVaLIATE: Thcrc ore a mimberof other anproachci- The rrequeney cmild be varied unul l\ m V t% andthcnthii 
Irequciwy ls cejual ti> l'JTc* \ÍC\% known.thcn¿ can be calculaled* 
31.71. iDEvntY: P M m ^mJm^^4 «>d Calcula*/. R^Zcta*. 

Sur li' / -500 Ib and i i 2 - 1 Tbe power factor W cm¿ 

^ <22GW) 
A - , \ ■ ■■ /■ - (36 7 QH0360) ■ 20 n Cl 

<1»> Z - J/FTx/ ■ X t * yJZ 1 -^ = ^<36Jn> ¡ -i20.6íl) J - 30.4 íl Bm ¿ - 0 ti at reionance. *o ibe hiiwiHiiH 
and capacitíve metalice* cqual each oiher* Thercfore we need id add X, ■ 304 O. A*, ■ iheretbre givex 

C«— « — ! - ! -1.05Kl(r*R 

<uA\ 2jt/X 2-rtSOrt llz)(30.4íll 

w íí 20.6 n 

E VALI' ATE: - /; jV and i* iruximuin al resnnance» *o the pcmxrr drtmn íroci the linc \% 

31.73. iDfcVnrv: p^-t^R. p ¿ -tL—. p c 

dt C 

Sur Up: >- fca*/M 



<b> ¿. ff^ <ifr\i^arf)ih<aaj) Jl*. fito(TaM) Bul j^ihCTwQé ■ C(0 ■> 

(d) - /v - ,» - ;\ - r^/cot-'imí ' /wm^n i ■ *l J Ün| ] U and 

p>/coMAWK^c<»(aw>-i;nn<^)t^ *in(<uOX Bul cc*#V-^f and --in^ — so 

/.* - 1/ cü*{am >fr{utfc4M{¿^v) -Mn^MtHftYiLai any iniiant ofiime. 

EYaLí'ATE: Al an imtani of time the eoergyxlorcd in the canacílot and inductor can be changing* but thcrc ñ oo 
nel corubumptitin of eléctrica! energy in Iheac conftuncnu 

31.74. iDtvntY: \\ mU v '— i> ai the oiwhcrc r Uamuunum i; mÍX c = 0 al the m where V f ü a 

r 



EXEttTE: (a) JV -máximum when 1^ ¿t'^w^ftt, - . 



Al-.. :■ inriL' \ un. - M :< 



{b} V) -máximum whcn tíl-L- O.Tbercftire: - O - ^ 1 ■■ * tL ^" » L 



„• i 21 i i „ irt* , i 

íí ■+—_-- — ■ ■ » — j-"IC- and <v — ■ 



(c) K ¿ -máximum whec. O^Thcrefcre: -^£--0-— 

tfrtf tíf'J tlf.» 



Va-l/v'CUL+l/v'C) 



c 

EvaMtaYE: i* máximum at a frcqucncy írcaicr than ibc rcionancc Ircqucncy and A*, i* a máximum al . 

ftcqucncy Icm tlun ihc rcionancc frcqucncy* The»? ftequcocíc* dcpcod on R . j* wc\\ jzohL and on í \ 
31.75. Idimih: FoJlow ihc sicp* xpccilicfl m (he prubktn* 

Si i L t p: In pan{i|u*c E^<3L.23>tocaJcuUieZaod then ImVfZ, ¿i* pveoby Eq,(31.24) + ln porirtO Id 

z-jí+üt. 

E\i;c i te: (■> From ihc curran phawir* wc know ihai Z - r i&L - if <uC}* . 

z soo n 

m Z_ «Jt+jf «£--!- 1 Z^ = 400 -;¡ <1 OOO rad/í H05O H) - r— ! 1-4000-30001 

W m ( *>C) * 1/ ^ (I00O rad sHl 25*I0*IV 

Z« J(400íl) ; T <-3O0ni J ^SOOÍl 



200 V i 8 + 1 I St6i ÍS-6í 



(d / - : A Al + 10 240 AK. / 

W00*300í)n \ 25 ) 1 * \V 25 J\ \ 

<--<- sy-|gh~-" 

(O fcp -/^=|^](400n)*02«^96f)V- 

^-y^-if!í*l J _-<>l92-256i)V. 

* *C \ 25 J (ÍOOOrad,'iHl^SxlO + Fl 

(t) ^ = r^+K J ^ + r tf ^-(l28i-%í)V^<-l20+l6a>Vt(l92 - 256í)V-2O0V 

Evaii. ate: Boih apprwht* yvcld ihc «ame valúe lar / and fot ¿ 
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32. L iDEíítltV: Sincc ihc »{>ccd u codiiant. dihtonce x-ct. 

SeICR Tbc ipccd ofhubt ü r -3.00x10* mi !u-3 1S6*I0 : i 



$.84*10' ib 



l'An i jí: u) t m — m -z — .28* 

r 300x10* ms 

fl»> m-10 1 m/sXSAI >tHJJS6*I0 : *yr)-g.l5* ID 1 ' m ^RISxlO" km 

Cvvn ATt: The *pecdof lighi i* ven iw. Tlw diiiancc hiiwícit is brge compared lo »««»iml 

difonevi. 

32. 1* loEvnrv: Sincc ihc iftccd U eon&iant ihc diffcrcnee in diManee i* cAi. 

Ski 1-p: Ihc «peed of cleefoimAgrctie wavv» in oír i* c ■ 3.00x 10 tu s 

ExiltUTE: A loitil lime dillerence of 0>o0 ¿í% cotrespond* lo a diffcrcnec m di«lanee of 

c¿/ B (3.00x10* m*X0.60xl0**|^lKO m 

EVALUATE: The time ác\ay doestTt dependan ihe dixUncc frotti thc tranunaltcr lo ibc receíver.. ¡t jutt dependí on 
(he diñerenee in Ihe lengih ofthe t»o pithv 

32.3. lotvnn: Apply*-- fl. 

StX Vfi lOOxlO'mfr 

EXíCliTE: M /.í.^ tf,, \Mxlf 
' J ¿ SOOOm 

£j 3JxlO-m> = Mw|0 . HA 
a 5.0 m 

A 5.0x10* m 

-1 5.0x10 * m 
EVALUATE: / incrcrac* when k deereusc*. 

32.4. lotvnFV: c~/Á and k - ^> 

SrrUrt c*3.ooxir/ mb. 

EnCVlB u. /* j.UVA: 7.50*10" 11/ lo 9.38x10" Jfe.UVB: 9JRxlO" 11/ to 1.07x10'* lie. 

(b) -UVA: 1.57x10' redro lo 1.96* I0 T radm.UVB; 1.96*10' red mío 2.24x]0 T radm. 

k 

EVALUATE : Largcr k correspondí to *nulfer/;md k. 
US, ftnnm = . ^=cB tm . k*2x*k. = 

Sur Up: Sincc Ibe wave i* ira ve lint 1 in etnpiy space. iu wave %pecd i* c = 3.00x10' m/s . 

EXECUTE: <■> (*L* lM * Xítn¿ **UH*i1/*\te 
Á 432x10 * m 

ih) t- ^íí^ - Í3 00x10" nv*Kl*25xlO* T)=375 V.<m 



32 I 



JM ( hjpirr M 



Mk~—~ — 2X rad — radta. «-{2* radH6,94xl0" Ihtf-WóxIO 1 * iads. 
k 432*10 m 

£-i^ H cctt(ib:-Air)-<375 V^co^U^-IO' radcn>-|4J6xlO'* rad*Jj> 

í^co*Ai ai ■ il :vlO Hovvj[1 4>. 10 radm)i'|4 36-10" rad*jr) 
EVaLL'ATE: The CíMk* factor ¡& common lo bolh Ihc clcctric and mavnctK: fíe Id cxprc**¡on», unce thc«c 
t^o ficW* ¿re in phuc. 
32A iDEvntY: c- /Í* -cB„ . Apply Eqt(32J7)«>d(32J9). 

Srr I'p: Tbeqteedoí Itmi ¡* c" 300x10' m* + 

ExECim:: <») 300 * l0> m 
' A 435ÍÍ0 m 



„ _ £ 2.70)i I0' 1 V/m _ _ 

(b) fi ta --í=l.- ; S 9.00*10 

|c> radm *-2r/»4J4xtO H radi.lf ifc o co^fc - . Im 

1 

ÍU. j>- £- B willbctn the *^dircclioo* 
£(r, f)-Jfc?txH ■* \Vro)cort[i.44-Kf rad l *>r-.[4J4>10 ií rad i|j>and 
«ir, f)—J(MtxM " T>cm||I.44*I0 t nM)>+|4J4xll' 1 nd*]r) . 

EVALt'ATE: The dircciioai oí JTand B and oí the propagation oílbe waw are al) mutual Ly perpendicular. The 
ireument uí ibc co*inc \% kz + AU since Ihc »avc i* rravcltnu in thc -í-dircciion . Wavc* íor visible Jichi have very 



32.7. lotvim and SKI Vrz Tbc cquaiions are oíihc fbrm üíEcp.(32.L7j f wíth x replaced byr. fi ¡* along lb:.r-&xb; 
deduce tlv dircction oí E. 

EXXftTE: i»-!*/ -IfffAlOxIO' 4 H*) = 3.83xitf* rad* 
. 2* 2*/ a» 3.83x1o 11 rad» , , rt . „ 

¿ c C 3.00x10* nV* 
fi^-5«0xl0^T 

-(3Mxl(T m'íKSJOxIO^ T^UixlO 1 V m 

0 js along Ibcy-axiv ExB i* in Ihc dircciton of propagaixm íihc 'r-dirccuoni From ihi.s wecan deduce the 
dircction oí £ K a* %ho\vn in Figure 32.7. 



É i* alone the v-axi*. 



ETfpi«32J 

É mE^Jcot(kz-ú*)m (1.74*10* Vítate 9 «nft 1*28* 10* ndtalr ~<«3*W* rad*k| 

fi = ff„ycanir-íyí)= (580x10* T)j°cm|(I-2SxI0 t radrnt -Í3.S3* 10** radif) 

EVALUATE: £ and B are perpendicular and oríllale in pitase. 
32.8. lDf.Mm: Fot an ckctromauncttc waw nrupagating in the neuaiive xditvction. E - E M cosí ir * <w) . m m 2rj 

Srr U' Tbe wnv tpcv-ificd m ihc píobkm ha* adiDcrcni phaMMo £ - -E tmí an(*vr*A*rK £ w -375 Vta. 
A I *M-Ht rad m and 10 * ndx. 

I'AH l :l: U) » aías.sL2S ^/T. 

c 




I-Jccvomaenclic Wavct 32-3 



|b> /•i-MOxl** 4 Ib. a -11* 3.16*10 ' m «316 oro. r»y-lJSx!f Thb «a^lct^lh ü too tbjti 
io be viable. 

(c> c*/i»(MDxlO" H/X3.16*10 ? in) - 3.00* 10* nV*. Tbi* ¡i »ba« the wave ¡peed ihould be focan 
ckviitvttagnctic wc propugatini; in vacutinr 

f I» Vlff\ Al 

EyaUtaTE: c - /a -| — 1 — I- — i% an altcmativc cxprc*«on for thc wave %pccd. 
2* A A / * 



32.9. Idemih and Ski l>: Compare thc £< i\ r) given in thc probkra lo ibc general form givcnhy fó|.(32,l7). U» 
thc direction of propaga! ¡on and of E to finú ihe direction of 0 

(a) Execlte: Thc cquation Ibr ihc clcctric Jlcld contains thc faclor »intí> -*wp> so ib: wave n Iravciingin thc 

1 v ditceiion. Thc cquaiton fot £(y, 0 i* in lerm» of <ñi( ky - e»f ) rather than cotfti - r.vy, thc wave i* shifted in 

pha&c by 90° reta ti ve looac with a coi(AY-wr) factor. 

ib) í(v.fl«-0JOxlO* V.m^m^-aóSxTO'' radfc)i) 

■■ ■ m ipnri i. 1 ■■ l i 'O 17>givci o»-2.65*1tf ; rada 

_ - 2*r . 2jnr 2*<2.99H*10 a nñ) ... 
w¿ Ir/ «>x - 7.11 * 10 m 

¿ ai ilóSxJtr rad») 



(el 




£x5 mutt be in thc 
dircciion (thc direction in 
which Ibc wave ¡x iravchnt;! 
Whcn £ ¡x in Ibc -r-direction 
Ihen B muM be in thc *-x* 
dircciion* ai ahown in 
Figure 32.9. 

llKürc 32.9 

. 2x ai 165x10*' taÉ% » .*i 

A- — - — = -8.S4*10 radm 

l c 2.998*10* m-i 

£ w *3.l0xl0* V.m 

n- Bmm .,. m , 10 - T 

<■ 2.998-10' m* 

UangEq.(32.l7)andihcfacithai 0 u in thc -I dtfectionwhcn £ n m the -I dirección. 

í = -<l .(13*10 ' TlíMit[<SfU-tü' rad (2.65x 10° rad'ftV] 

EVALUATE: £ and 0 ate perpendicular and o&cillaic in pha*c. 
32.10. iDtvnrv: Apply I-Ü*.i32.l7>andi32.l9) t f - ( Ámú * - lr > a . 



UP: Thc wave in rrm proMcm ha* a dillcrcni phaxc, so ;í u . - o^hivíwíívJ. 
Exuci te: (i) Thc prute of Ibc wave ¡s givcnby kx+ <v( + Ibc wave U rraveling in Ibc —i direction. 

le 2x Ir 

(c) Sutcc thc truifiutic ¡icM "i tEx 4 .v direction. jnJ thc wave » propagaúng in thc -x -direction. Ihen thc 

cIcelrK tlcld n in thc +z -direction to thal £x Awillbc in thc - v dúccuon. 

£(r. ^-(cO^SkIV 4 T)hin(<l'3Hxl0 4 radmimJ 1J-1f> : rad«v)A 
1 > - 0-^<X4f V/m)iÍn(llJ8x|0* ri! m>t ■ - nr nd»y)¿ 

EVALUATE: £and A have ihc saine phaic and are in perpendicular ditccúmi. 
32.11. iDF.vnrvandSKI Ur: c*fA allont cakubtion of -i. k = 2xiA and ai = 2r/. £q.<32 IKl relate» thc elcclrk 
and magnelic ftcld ampliiudcn 

c 2.998x10 a mi 



32-1 <h4pirr¿2 



2x 1t rad 

ih) k ■ — ■ 0.0174 rad. m 

k 361 m 

<t) u ::í 11*1-5.22*10* ndfe 

<dM-q432JS>; -rfl^ -(2.99**10* ro*H4.82*10 " T) -0.0144 V'oi 

EvaI-I \\\-\ Thn wave tus a very long wavderwíih; iuc frequency ¡* ¡o ihc AM nidio braudcatt Ixiod. The clcciríc 
and nugnclic ficlda ín the nxc are very weak. 
32.12. IDEHTIFY: E^ = é¿* w 

SkF Up: The nuenetie field of the caíth i* aboui 10" 4 T. 



Exm IE : g ,£^.S5. IO jV,n, a|2|t<|0 , >T 

¿- 3.00*1 Cf mi 
EVALUATE: The 5cld i* much imalkr Iban ihe eatth*i ficld. 

32.13. lo*.vn*YandSi:i Vn v-fÁ relate* ftequeney and wavelengih lo the ¿peed of Ihe wave. Use Eq.(32.22) lo 
cakuhte n and JC 

ExiXUTE: WA-^-HííiíSl^-Mlxl^n. 
/ 5.70x10" Hz 

,i . j f 2.99g*10'nv* 

(1») x - — - - 5.26*10 m 

/ 5.70*10" 11/ 
<d) **J¡CÍC*Jk *oK=n* =(1.3Í) J -1.90 

EVaLI'ATE: lo Ihe material i'<cand/ it the same, w ^ i* le» ni the material thao ¡n air. v<r atways.soiru 
ataay* greater Ihan unily. 

32.14. lotvnrv: Apply l-q.<32.2lK £ M ~cB^. v= /¿ Appty £^{32.29) with /i - inplaee of // t . 
StrUr: £ = 3.64. AV-5.18 

J<3.64M5.1H) 

- ( v 6.91*10-01*'* a „ fc - 

ib) A«— - ¿--1.06*10* m. 

/ 65.0 Ib 

r 6 91*10 io/i 

2A\* 2(5.1HJ A ' 

EyaUtaTE: The wave t ra veis ¿lower io Ibis material Ihan Ín air. 

32.15. lotsnn: fmp/A. f^^E^. £^=e*«. 

SefUp: Tbe*jrface-aíeaofa»poctcofram^^ ¿-4*^. ^ - «85*10 "** C^N m : 
.4 4xí3.Ü*|Q' oír 



WC-J^-J w»^«-> - 5 oov fa . fl- -£ a L-i.7xia*T-i.7^r. 

CvaI-Caie: Al ihe .surfacc of ibebulb ibc power radiaied by ibc fitaneoi u iptvadovcr ibeiurface of Ihe bulb. 
Our cakrulation apptoximatei ihe fdament a* a noint «urce that radíate* unifurnily in all direcliom. 
32.16. Idímim undStT Un Tbc direclion of propagalion i* grvenby £ -5 
EXEtLVE: <*> ¿■ík(-/)«-¿. 

<*)£-<-^)x(-f)-¿ 

EVALUATE: lo each caw ibe direction* of ¿ . A aod the direcboo of propairaiíoo are all mutually nerpeodiculat 



1-JrtiramaKttclic Wavcv 32-S 



.12.17. loiMin; E^-eB^. i* inibcdircetion 

SKrU: c - 3.00*10* mb. £^=4.00 V/m. 
ExuttTE: *£ iíi4 yfc-l-33xi0 'T.For £ in Ibe * r-dircction. f x¿ t% ín thc ** dirccñun i*hcn nm 

the * rdircclioo* 

E VALIATE: £ , 0 and thc dirccivon «f propagabon are all mutual ly perpendicular 
32.11. Ioimu\: Theinlcniily of the ckctn>nu)gnclic b giveo £q + (32.29): / -yí^i^ i^t£^,The total 
cncrgy pa:»ing throtigh a wimlow of aica .J during a time f b Mi. 
SKI Viz -S.R5* 10 " F/m 

EXECUTE: Energy ■%c*¿jlt«0.85x W * J r/mUi.CO* JO' m.*u0.o;oo V. mi li) 51» m : WKM) d - 1 5 » ,/j 
E VALI 1 ATE: The intcmiiy b proponionaJ lo the square of the clcctric 5cld ampliiudc. 
.12.19. Ioímim and SKI (>: Use EciJ32.29) lo calcúlale L EqJ32.l8j lo calculatc 8 M + and uie / = /* Í4zr* lo 



(•) lucras r-uC <U ■ 0090 va* *» / -= Mnw 4 w,w 

M = H*xr*) -(1.075*10 * W/m J )(4*H2J)<l0 i mr-&40\V 

(d) E\ Alt: Alt: The cakulation m pan <c> auumcs thal ihe iranttnittcr emití uniformly in all dirccboni* 
32.20. Idemifi andfrKri'P: / - P A and /-^c£¿,. 

EXECITO U)TbcAvcfagepo»«ffoniihcbtfani ii T - /■J-i O KOO \V/m J 1(3.0* 10 ' m J )-2.4*IO 1 W 



i LJim.injx i0* m/s) 
E Valía TE: The latcr emit* radiation only ni the dircclioa of the beam. 
32.21: iDDflIPK t-PJA 

Stí Up: Ai a di*tancc r ftom the «lar. the radiation ftum the slar i* iprcad over a «phcnc&l «urface of 
A - 4*r* . 

EvxT HE: r^-/í4ffr í ) = (5.0Kl0 i W/m , )l4^K2.0wl0"m) J = 2.Sxl0 íl J 

E VALÍ A TE: The intcniiiy dccrea*ci wilh diitancc from thc Max as l/r a . 
32.22. lo¿vnrv and£i:i Lfc í¡/i. f^-cff^nnd t-E^B^Ílf^ 

_ c 3.00*10* mta „ ljAll 

EXECim <*) f*— = ¡_-S.47*lO*tl/. 

¿ 0.354 m 

^ s _a»4oy i n L=|afflí|0 , OT 

í- 3.00*11/ m.* 

EVALUATE: Altetnalivcly. ' "^cE^. 
32.2J. iDfcVnrv: P m - W and / = ±4f J:¿. 

Skf Up: Ihc mr£icearea of a sphere ii A ■ 4*rr~. 



a 12.0 V;m ^ 00 , |0 - T 

c 3ÍT0X10' ro/í 

EVaLíaIE: E Ml and A^arcboth inwrsdy ptoporinnaJ lo the diitancc from ihc tource. 
32.24. iDíMin: The Piniwing vector í* 5 = £ x ¿ 

Skf Up: Tbe clccmc field t% in ibe t r direction. and the magnebe ficld b in ihe »;-direction. 



EXCttlt: U> >-t^íf-í-;)**=-r 77>c Pinmmc vector « m the r<dircciTon. whtch n the direction of 
piLpauahon uf the wave^ 



%l* (huptrrJÍ 



M J<*.|). **' t>B<Xl '* * E ~ B ~ cü¿{ta + my= ~^ il + a*24fi* + kxnl Bnt m onc |Wod Ihc 



cosinc fumiion avcwp to /ero, so »c ha*c 5.. ■ , This ti lÍq(32 T 29) 

EvaLItaTE: Wc can abo ihow (hit thcic two rciults aboapply lo (he wave rcprcicntcd by Eq(32.l7). 
.12.25. lotviwY: Use Ihc radiaiton pressure lo Und ihc inlcmity* and ibcn /^-/(4*rr ). 

SfF Up; l pi rtccüy arntxbinu surtace* * — 

c 

btcvra p^=U c M -"Oxio 1 mi Tbe« 

P - /(4jt^) *(170xlO l W/m : K4TK5J>ai)* »MxI0* W. 

E VALI' ATE: Evcn Inough thc sourec i* very intense ihc ratkaikm pressure 5.0 m ftom Ihc surfacc ¡* rery srnall. 
32.2*. Iw.Mih : TT»c iniensiiy and ihc cnctgy dctinly of an clcctromagnetic wave depend* on Ihc amplitudes of ihe 
clcciric and magnetic fíele*. 

m; Up: .' ." i .1 : i.-, i I «ave \ .1 ge powcr i* P«, - :/ <\ i*t*crc i , Trw cnergy densiiy is 

EHO.IE: WI -P.JA- 3WMW -0.0020! W/nT. - Wc - 2 ' a002l>l W > - IM . |Q- f 

2*|S000 i&T 3.00x1(1* nV* 

2(0.00201 W.nV) 



" Tje,r ^(U5xl0~"C'yN-n 1 )(3.0llMl0*m t i> 

- aW* m (I¿3HCH&§0m 10* m*)- 4,10 x 10 * T 

- i- _ - 6.69 x 10 ,J Jim 1 

(d) A* was shoun in Sccihhi 324, ihc enenjy density i* Ihc same foc (he clecIrW and magnetic fíelos, so 
ha* 50% of ihc cnergy density. 

EvaiaaTE: Compared lo nuut laboraiory licldt. (he clcciric and nugnetie freíd* m ordinary radiowavcs are 
cxircmcly wcak and carry very litik cncrgy. 
32.27. lof \im andSKT t>: Use EqM32.30> and (32.31 ). 

l'Aid ii: (m) By .(3 2.30} thc average momentum density ü - — -i- 



0.78x10* W.m ; 



7x10'** kg m : s 



[b) llv Eq.{32.31) thc average momcfitum flow ratc per uml arca is — — j — - _ - 2.6 x 10 * Pa 

c r 2.998 x ICT m>i 

KvAJ.t ate: The radial ion prcsiurc that Ihe sunlighl would exert on an ahtorbmv ot reflcctinu surface is ver\ 



32.28. |pE\m\: Apply Eip.(32.32) and (32.33). Thc average momentum density ñ giwn by 1 \.\ T 2. n. with .9 
rcplaccdby^W. 
Ser UP: I alrn- 1.013x10" p a 

EXECIins (a) Absorbed lighl: p IM 2500 \\ ;m sH j 3k||) -* p¿ Thcn 

3.0x10 nu 

8.33x10" Pa 



1*013x10' Pa 



8.23x10 *' alm. 

e 3.0xl<T m/s 

1.67x10 * Pa . 
p t . < 1 6$ ■* 1 0 

U}l3xl0* Pi/alm 



Ilkcu-omagnclic Wavc* J2-7 



[el II'. i .i.ii'i tkouiy ¡s -— — C -2.78x10" kg/m'-i. 

fll f J (3,0* MW n\sr 

EVALL'ATE: The factor of 2 in p MM ¿ f«r ibe rcllcciing «urfacc ames because thc mornentum vector lolally reverten 

direction ifion rcflcctiori* Thus thc cAúngc in mornentum is nviee thc original mornentum* 
.12.29. IdectuY: Apply Ectf¡2A¡ and (32 9) 

Stí Vfz Eq + (32.2ó) u 5 - ^-£* > 

E VALI ATE: Wc un alto wme 5 - c/lco*)' ■ *>*'6*\ 5 can be wnrtcn solely in lerms of £ oc tolely in lerrn* of fi 

32.30. iDfcVnrv: Thc clcctric ficld al thc noces tt xen>, va there is no forcé on a poin* charge placed al a nodc. 
Si r Lip: Tbc location of thcnoóes isgivcnby Eq*(32.3ó), «licre r ñ thc di ¡dance ftumoncof thc planes* 

ExutLIE: ¿y a — »-f-« 3.00 10 m,s -Q 2Q0m - 20 Pon Thcrc musí be nodcs al thc planes, whkh 
2 2/ 2(7.50* 10*11*) 

are 800 ern apart. and thcrc are two nodcs hcrwocn thc planes, cach 20.0 etn ftom a plañe. It i* at 20 cm* 40 ern, 
and 60 cm ftom t**c plañe thal a poini charge will rcmain ai rest. *íikc ihc clcctríc ftclds there are reto. 
EVALLATE: Thc rnagncik: ficW amphtuoc al these points ¡sn'l feto, but ibc macnctic ficld doesn'f exett a forcé 
on a itationaty choree 

32.31. iDtvníYnndSKTÜP: Apply Eqs.(32.36) and (32J7). 

ExEtliTE: (m)By bq>(3237) we ice that ibe nodal plañe* of thc B fícld are a di*tancc til apart,» 
-4/2=3.55 mm and Á-l 10 mm 

0») By Eq*(32.J6)wesecthaithc nodal planes oflho £ ficld are afeo a di st anee ¿.'2 = 3.55 mm apati. 
M v=/¿ = (2-20*10"" ItrXrtOxIO 1 mi -136x10* ms. 

EVALUATE: The spacing bciivccn thc nodcs of £ is thc *amc as thc *pacmg beiuccn thc nades of B Note that 
v<c, as ¡t must* 

32.32. iDtvnrV; Thc nodal planes of ¿and B ate located by Eip.|32.2ó) and (32.27). 

m „ . c 3.00*10* nVs 

Si r Le: — dOOm 

/ 75.0x10* 11/ 
EXJ.ru TE: (a) Ax»i- 2.00 m. 

(b) The disiancc bciwccn thc cketric and magnelic nodal planes ¡s une quatter oía wavekngth, so is 
4 2 2 

EvaLLATC: The nodal planes of A are *cparatcd by a deciancc Xi2 and are imd^ay berreen thc nodal plañe* of £. 

32.33. (a) lin:MiKVandSt;r Vr: The disiance belween adjacent nodal planes of É hÁ/2. Thcrc i* an antinodal plañe 
of B nudway between any va*o adjacent nodal planes, io ihc dUtancc betueen a nodal plañe and an adjaccni 
anunodal plañe is ¡HA Use v*fA lo calcúlate A. 

EXECtTE: ¿*L* 2A0 *^ t m *=0MlSm 

ib) lo*\im and Ski Vn The nodal plañe* of É areatx-0. A, 3A/2,... r so thc aniinodal planes of £ 

are ai xmAÍA, tU^SJM, The méá plañe* of B are ai x = AiAlAli* SAO* . . . . *o thc anunodal plañe* 

of I are ai IÍÍ A^XV2 

ExiXtTE: Thc distance belween adjacent antinodal plañe* of É and anunodal pfcmc* of B i* (hercio re 

mKroroEc^(32i6|and<J2J7|thedÍs<aiicebcm B is A >4 - 4.3R mm 

EVALUATE: The noóes of £ coincide with thc antinodes of ff. and conversely, Thc nodc* of B and thc node* 
of £ are equally 



32-3 ( hupirr M 



32.34. IDCHTIFY: Evalúale the derivativei of ibe cxprexiioru for E r (x, fland j& U\ i i ihal arcgiven in E*p,(J2J4) and 
<32JS). 

d & S B 

Si.r UP: — MnA\ - Aco*£t , — &inov ■ orerañu , — ero ta ■ -isinfcr , — cos<vf - -¿^sin*w . 
fir ci fir £r 

EmiCtte: (a) — 



i = 2A*f„ sitlAvMi. "f ■ — **art _j 

fir e" eV 

Símíbrly: f ^ ^ ■ : /y l "..i.un«) ■ —i+2k& „ un (r«Mf) «id 

3* fie' & 

" = 2A 1 J_ eo***coi = 4^ ^^,1 = £^f^_0 

eV tr fir 

ih} - — í-í-^ — - » — (-2/T, MJ un Ax«in¿tf} - -2A£ eratasuift* * 

& fir 

— ■■ U uñar ■ - &2 cas 4* *ui a* ■ r.OJí ccntanuiatf . 

fie C f 

fie * / A 

Simitarlv: - * J_ ¡ : j, CC n t T eo*A* > ■ Mfi*rco»4X* t 

fie fie 

¡ a— lUL^ siDiveosa*- — r 2c/J_,*míVeoifltf . 

fit t f 

4 — == - 

ñe ¿V fir 

E VALÍATE: The slanding wave i are linear ¿uperpoMiiora of rwo traveling v*aves of ihc unte A and or . 
32.35. Id&viify: The nodal and antinodal plañe* are caeh ¡tpaeed cme-half wavelenuth apart* 

Sur Up: 2 t waveleneüt* til ¡n ibe oven, st>\2±lÁ ■ and thc frequeney of ihete wt» obey* the cv|UJt»on ÍÁ ~ c 
EXJXUTE: (m)Sinee {2±)A-L. we have 1 -(SO)(IU cmj - 30 5 cm. 

(b) Solving for ibc frequeoey gira /- e X - (3.00 x ir/ m*V<Ü.l22 mi - 2 46 * 10* Ha. 
ML - 35.5 etn in this rae* : - . - = I, *o A - 2¿5 - 2(35 5 cnVS - 14,2 cm. 

/-e^i - (3.00 x 10* m *H0.142 mi - 2.1 1 * 10* Ib: 
EVALUATE: Sinee nticjowaves tuve a reasonably laryc wavelcngtk. mlerowavc oven» ean have a con\<enicnl 
lor hou«ehi>ld kitehem. Overa uiing radltiwa\ , cs wwuk! need to be far loo tarve- while overa ra«ng visible hght 
wuuld haw lo be mterowopie. 
32.3o. IniMin: Evalúale the parcial derivatíves oí t!x evpre^itora for ti \ \, r) aod £ i \. i) . 

Ser Up: —anikx - mí] -kccaikx —aniki - <«i - -A>co*4tr - <wr( . -£_eo4¿t -ftf ) ■ - AiirW^r-AW). 

fie A fir 

— uní i -i i . ' i . i- 

ExKCtTE: Avaime £-£ 4(H ^io(ir-AV>and 0 - ¿^¿Mnití-Aíf «nh - .r v o v Ei).(32J2)ix 
fie ir 

t Zr/o» fir fir 

-*5^wMfa-iw*^)*-^«f M coi(4e-fte),io ^-Oaod ^ SP^*. ^ 10 

A e^2.Ti'<ü e 

1a vi i ati ; The £and É ficldi mutt ose il ble ¡n pturtc. 



32.37. lot.\nn ¿tmlStT L>: Takcpm¡aldcrivalive*of Eo,*,(32,l2) and (32. 14). at xpeciñed ¡n Ibcproblcnt* 
KMittlE: Eq.(J2.12)e — — - 

Taking — ofboth ttdei of ihis cquaiKin giv» -L^.. 11^(32,14) «yi -fíLi^^fíl. Takin? — of 

<b£r íT ¿£t £t dx 

¿*3 $*E J fl'fl í'r ^£ 
twtn «órt of thiscquatioit civc* - — r--4,M, so -■ — ¿. Dul - (Theordcr »n 

^8 I rVfl £'í tf'fl 
wh*ch thc par tul otmatnv* are tAkcndocttTl changc thc rctull) So — ■ * ■ - { and —4-- tji^ \ « 

if f j; ñr éV 

i% mu lo be íbowi* 

EVALUATE: Boih fíeUK dcclric aiul Riagocuc. ¿atisly thc wavc i^uatioiL E<W32J0V W* havc abo dum-n thal 
both Itcldi propágale with thc *amc ipeed i* - IV ^< í ji l 

3131. Id*a un : TTic average cncrgy d«mly in Ihc clcctric ftcld i* tr 4jfc = ^{J: \ and Ihc awnjgc cncrgy ifctwily ¡t 
thc magnetic fie Id i% u M „ = _1_(S J > W . 

SefUF: {co. ; (fa-Aíl) M «^- 

KxtCUTE: 1)- E^ctaikx -atK u¿ = y^£¿^co* : (*r-Afl and 



'i 



E VALLA TE: Ourrewltallottiusiowntc *2u iét »HJ£* ^ "^r- " * 

32,39. iDEVnrv: Thc inlcmiiy of an c Icctromaunctic wave depend* on thc Ampliiudc of thc decirte and maenctie 
fícldi* SuL-h a wa>e excri* a forec bccuisc ¡I carríci ctiergy. 

SrF Lta Tbc inicnMty of thc wavei* / « i A ■ ± v^L* • an d * 0wc ** F*J^A where P m mitc. 
ExECliTE: (m) / - P a /A - (25,000 W>{4x(S75 mf] - 0.00602 W/m* 

ff« -i2.l3N.Cfi3.00- I0^in l *l-7.l0x 10^ T 

<t)F-P„¿ -(J/c)/f-(O.006O2\VWH0,l50m)(0.400m|a i 0Ox I0*ms)- IJ0* I0" u N 

CvAl.l ati:: Thc 5clih are wry «cdk compared lo orditury Ubontory ficldv And ihc forve u hütdly wjth 

worryin^ about! 

32.44. linMin: «a/i. f^scJ^. / « T 4 *^.^ ^ ^ or a ^^'Iv aNocbit^ Mirf»cc ihc r*dution prci*urc u — . 
Si:f Up: Thc waw ipeed in air i* «--3.00x10* m^*. 



^ ^ 3.Q0xirym>* 
|c> / -tV£^ =^(8.854x10 u C , /N*m : K3M K |0" J5 Vjfai) 1 « 2.42x10'* W.W 

/.I (2.42x1o 1 WW]A340v/) iM t ^_ u „ 

^ c 3.00x10* m* 

EvaUj ATE: Thc intcnuly dcpcnib only on ihc amplitudes of thc decirte and m&cncilc lícldi and « indepcndeni 
Df thc ^u\elcngth of ihc hiíht 



.12-1* Ch*pttr32 



32.41. ¡jilm.Min ;,ndSnlJf: Calcúlale /and raen uic 1^(32 ^ to cakubtc £ M and I^ + <32.18) lo calcúlate 

3.20*10 ' W 



f\m te: The itucnuiv i* power per unit 



J2l4;rxl0 T*mA)429*t>IO* m-iH652 W/rn J ) - 701 V/ra 



701 VAn 



2.34*10* T 



c 2.99g*10" nv* 
EvajaatE: The magncik fickl amptitudc i* quite «nalL 

(b)locvnrs andSETUr: Et|* + <24JI>dnd<30J0>si«lbecnergj rden*hy ÍDlertn*ofthce*eclricMiiI 
ñeld valúe* al any time. For ¿inmoidal fickl* arerage o\vt E ' and 6 1 lo gct thc average etietjiy itoiiilic*. 
EXECUYE: The cnergy dcn&ity in the eieetric licld a u. ■ t*,£ * £ ■ £ cos(<feY— «f I and (he avcr&gc valué of 

C(*!í"ífcr-/tff) b t* The averaec cncrgy deas» t y m the clcciric ñeld Ihcn ¡s 

^*=T^£L a TÍ í ít54,tII) ,í C*/N-m J KTOI V.W- 1-09x10* W + The energy dcnwty in the magnchc fie Id 

E VALÍATE: Our rc*ult agrec* wiih Ihc ¿tatemen* ín Seclion 32,4 that Ibe arerage energy dcniily for the clectric 
ñeld b thc ame a» thc average energy dcntiiy for the magnelic fiekl. 

(r> iDtvnrv and SET Un The lolal energy m thñ length of beam the total cncruy dcmity 
^»«^*» < ^-2 í »icWr 4 jW tuwiilKvoliKDeofthbrttrtofihebeüiii. 

EX1CLTE: V = a td LA = {2AZ*W Jim* Mi. 00 m}vr(].25x 10 1 m) 1 = 1.07x10 " L 

EvaUtaTE: Thn quantity can abo be calculaled ai ibe powcr <wtpul limes thc lime it lato the light lo rravcl L - 



Wm: -pf-|-<3.20xl0 1 W)| U 1.07x10'" whkh 

UJ '12.998x10' m*j 



32.42. iDfcVnn : L"*c ihc gauwian «urfacc speciricd ¡n Ibe hinl. 

mi L t p: Ibe wave b in free jpace. m in Gtt»*V law Ibr thc clcctric ñeld, O m - Da .: * / . i (iauu'i Uw 

for thc mairnctic fícld soy* /J) dÁ - 0 

KxKC l te: L'se a £au»ian vurfacc *uch thai ihe front *urfacc U ahead of the wave lrotU(ttoelcctrx ot magncitc 
fícld*) and thc back face bbehind the wave fronE a* ihc™ ¡n Figure 32.42 fÉ d4 - E t A -£=L-0. *o £ ( «0. 

í« i ' Oand A 'O. 

F\ ai. t: ATE: The wave mittlbc tran*vcr*e. aince thc re are no componente of thc cíedhe or mavnelic fícld in the 




32.43. iDEVnrv: Kor an ab*orbinfi «irfaee, ihc tadiaúon ptcwufc u 



Stí LT P: 
ofthc*un Mjpyi 



formed at ihc center of the sun* *o at a diiuncc r rrom ihc center 



Hccintitagiictic Wavct 32*1 l 



tXXCVTL: («A,^-,^: JOS*™^ ' 6.4- |tf W/.' 1 

/ 6JmI0'W/si' 
^■7 = X0Q. l O l m/> = "- 2IPj 

(b) IJalfway oui fíom Ibc zun* ccntcr. Ihc inicmity \*4 time» more inlcntc, and so ¡* itv radidtion prcisurc: 
/-2.6ttlQ a W,W and n^ - 0.S5 Pa. Al thc top ofthccarth** aimoxphcrc* Ibc meaiurcd suidight ¡nlcittity i* 

1400 W/m 4 -5xl(r* Pa.whiehiiiboui 100,000 time» Ira than ib: valué* above. 

EVALUATE: (h) Thc gai prctiurc al thc sun s surfacc u 5O.000 time* greater iban thc radialion prauurc* ana 

halfway oul of thc %un thc wat prvvturc i* believed lo be aboul fixltf 1 time* grcaicr than ihc radialion prci&urt. 

Thcrcforc II t% rcatonabk lo ignore radiation pretsure i*ncn modcling Ibc %un*% interior itructurc* 
p 

12.44. Idemify: / ■ — . / « . 

.4 

SETUF: 3.00*10* nV* 

EXECUTE: fa ¿ a "- tfW ,77lW. 
¿ te Jim* 



2/ 2(77 8 W.m J ) 



- — - / : : 242 N.C 

^ !|<8.K54xlO ^ CVN-nVKJ-QO* 10* nV*j 

EVALUATE: Thn valúe of £ ^ i* amito lo ihc elccrric ficW amplitude rn ordinary lighl lourcci. 

32.45. lD¿\im : The unw intcnMiy lighi falta on bolh tr (Icelo tx bul thc forte *m ibc rcllccung lurracc will be Iwice as 
greal a» ihc forec on thc abiorbing suxfacc. Thcrcforc thc re will be a nct ion|uc aboul ibc roution axí* 
Sr.r L'p: Fot a total ly abiorbing ¿urfacc. F ■ /^ F .( M, whilc Ibr a toiatly rctlecling uirtacc ibc forre will be 
twkc ai greal Thc intenxiry of ibc wave í> / ■ £** — . Once wc have Ibc lorquc wc can uw Ibc rtttattonal fomi 
of Ncwlon** *ccond law* ~ fe lo funl thc angular accclcralion. 

I \n i ,i : Thc forcé on ibc AflAfag reflector tx F^ - p^A ~ÍUc)A ■ ■^4£^ 

Por a tolally rctlecling Mírlate, Ibc forcé witl be iw ice a* eteau wbkh ¡* £^ . Thc nct toruuc b Ihcreforc 

Newton'* 2' law for rotation giva r_ ■ ta. ifdM^$J4 -2m(/. h 2} a 

t {&8S*10 C ? /N m í )(0.0150nil J íl.25N* l Cl' , 
Solvingforttgiwi a-4 AE* /Í2ml)-- i : -3.89vlD 11 radV 



l!\ AJJ ATE: Thn « on cxtrcmcly small an^ubr avvcleralion Toacbicx-c a largcr ^luc, wc i*xiukl bave to greatly 
incrcasc ihc ¡ntcn*¡ty of ibc I igbi wave or dccrcaie thc mj« of ibc rcl1cciors + 
32.44. IhiMin: For light of intcnxity 1+ incident on a toUlly ab^orbing «urfacc, Ibc radialion prcvtun: ú 

P^.^L.Forligblofintemity/.^ inctdet* on a toully rcllccting *urface 4 p^^.i^i. 

SfF Vwz Thc lolal radution preucure b - P^^^ * Puí*a* ~ M ' M ^ - 0"**')' 

EXECIin: (-) .^«^♦«^--il^-íl»—^ — 



cree c 

(bMH For lotalry abtorbing W H lN p rtá + <ii} For totally reflccling h - Oso p t ^ - — , Tbctc arejud cqualiom 

c c 

3132 and 32J3. 

(c|For ir-0.9md/*l.40ftlfl* Wfia 1 . - <2-P*JHI 4Qx 10 W^rn ),g | Jx1 d* pj, Foc w «fxi an d 

XOOxJO nú 



3.oa 

E VALIATE: The mdiaUm ptcMurc i* grcalcr when a brger fraction i» rcllecied. 
32.47. loí vnn and Si l l>: In thc w irc thcclcclric tlekl úrclatcd loinccummt dcnulybj* E:q,i25 7) Use Ampere s 
law tocalcubic Thc Poyninig vcclor b givrn bv tu + í32.28) and Ibc cüualion ifat follow» it relates thc cncrgy 



32-12 Ch*pttr32 



rAK l TE: (a) Thc dircction «I E n paral kl to thc axi&of thc cyhnacr in Ihc ducvtwn oflhe eurrcni 
l;q.<25 7^ E- pj - piixa . (£ b uniform aero** thc emu *cct»on of thc conductor.) 

(b) A crovt4ectiorial i'íl'w of thc conductor ¡sgiven ¡o Figure 32.47a: take thc currcnl tobecomingout of thc page. 

Apply Airficrc*i tai* to i 
d re k of radiut a . 

ÍB di 'Silva) 

Ffcutv 3L4Ti 

W-Jf gi>v* Bi2xa)-aJ *nd B-^L 

Ira 

Thc direction ofí h countercloekwie around thc cirek. 
(r)ThcdirectÍonsof £ and il arcibown in Figure 32.47b. 





ífce dúvctMa of £ — 



ir. radia lly inwaiil 



uA-n» A2rd 



Flgur* 32.47b 
Ul) K\ Al t atl; Sincc 5 is 



thc sur (¿ce of thc conductor, thc ratc of cnergy flow /* is givon byS 

ductor P~SA~ Stlx at) ■ '(2xtf/) ■ ¿^1- Bul A - -il-, v> thc 

2x*d xtT Tii* 



rebutí Itomihc Poynting vector ii /■ - Thi* agtees with P A - / 3 ff, thc rale al whkh ckelrieal cncrg-y U being 

diuipalcd by thc retiitancc of thc wnc Sincc S U radial ly mward at thc uirfate of thc wirc and ha* magnituuc 
cqual lo loe rale at which cicctrical cnergy t% bcin$ diuipatcd in thc wirc, thü cnergy can be ihought of ai cntcring 
through thc cylindrical *idc* of ihc coaductor. 
32.4K Idevtifv: Tbc intcnsiiy of thc «ave. not Ibc cketríe freíd *lrcngih. obcyi an inverso* *c|uire dblancc h\\. 

Sef Vvz Tbc ¡nlcmity t% ¡nvcrscty procoruonal to thc di&tancc Iroio ibc sourec. and il deperxb. tm ihc amplitude 
of thc ctcctric fkld b) / 5 - * / .J. 

ExiciTE: Sincc /- i^*r£ Mt f , £^ v .A poínl at 200 cm (0,200 m) from Ibc ¿ourec U 50 tinte* ckucr to 
thc %ourcc ihan a potnt thai ii IDO rn from il. Sincc / * 1 r m 200 m> 1 10 .0 m) - 1, 50, wv have J» - 50* 
Sincc £ w « V7. « Iuyc Bu* - 50£»o - (50*1.50 NC) - 75.0 NC 

EVAUTATE: Whilc thc tnkti«ly incrca^ci by a factor of ftf- 2500, thc arnriitud: of thc wave only incrcaic% h} 1 
a tactor of 50. Recaí I thal thc intcn&ity oíarty waw \* proportional lo Ibc Mfua/v uf itt amptitudc. 

32.49. lotvnrt and SKI Vn Tbc magniluik of Ibc induced ernf ti gi^vn by Fnradiy'i law: IéI- 



Ti} cakulalc 



JO., í/f wv need c/¿ i 1 *íf at ibc antenna. ü«c Ibc toial powcr ouipul (o calcúlate / and ihcn combine Eq.( 32-2**> and 
C31]R)tocalculalc jbcün*cderxnuerKcof^i*gi>vnb} Eq.(32.l7) t 

EXECtT£: *f - JVtA*, where A - O.OW m U Ibe radius of thc loop. íTh*i afumes thal thc magnetic Ikld \* 



uraform aero» thc loop, an cxccllcnt approximation.l Jf|- tÜ 



ri:e :i;Éi\imu;i'i v;iIuj tíí 



ífl^l», m> Lfl -tíÍ 1 *^ 



fl - 0 0900 nv w - 2r í * - 2ff<95.0 * 1 0* llx) = 5.97 x Itf rad a 



lilcciirotagnctic Wave* 32-13 



Calculóte the wilctmly / al thiidbiuocc from ihe wiuicc. and frotn thai (he nugnciic iw\d ¿mphtixlc . : 

/-■A- j^" l °' W ,-7.QQ».0- WW. /.^íí^íl^flL 
4*r' 4*<2.50* 10* mi/ 2/y 2^ t c 2^^" 

ifT^ V 2.998*11/(11* 

|f| -t - xtfa^v- xIO 0900 mr(2.42* 10 * TH5.97xlO' rad'*í - 00368 V, 

Ev AIRATE: An inducedemf of this magniludc i\ caiily dcicctcd. 
32.5€. iDfcVnFV: The nodal plañe* are onchaif wavekngth apan. 

REI Vfz Tbe nodal phnci of B are al * - ¿4. 3 A 4. 5¿ 4 «bich are 40 apart 

fatUflB (a) The \\ jwkn^lh ín / - t ■ — 1 3 (K** - lll 1 m >tt i 10 II ' 10* lt¿) 1 S. . I . nodal 

are ai (2.727 di 12 ~ 1.364 mapan 

<b>Kor the nodal pUnc*of £* wehate Á t - r:,w I -nA2 - ÍKX2.727 mK2 - 10.91 m 

EYam. ate: Hccausc radxwavci have long waveletieth*. ihe dittancct útvohed are casjly mca&urablc u*mg 

onfcnaty mcujnticks. 

32.51. lot viim and SE T l>; Find (he lorceon you due to (he momcnlum carried off by the lighl. E\pre« this forcé ¡n 
icrms of Ihe radiated powcr of (he llaihlight. Uie thñ fecee te* calcúlale your accclcration and uwaconslanl 
accclcration ccjuution to fmd Ihe lime. 

a ■F/diíP Hmí )-(200 WK|iT50kgH3.00xl<r nv*H -4.44x10^ mV 

Theo x-^»»fcf+^/ B»v« J^a:-*,)^ - J2<16.0 mM4.44xl0* roV) -8.49*10* *- 23.6 b 

EvallatE: The rudiaiion forcé t* very símil, ln (he cakruta(ion wc Iuyc ignored any other Ibices on you. 
(h) Vihi could ihrow the ila*hhehi m (he dircciion awuy from the ship. Hy conicrvation of linear momcnlum yoü 
would move loward (he *hip with (he same magniludc of momentum n% you cave 

SiifLp: Tbe powcr carhed by Ihe ctmeot t is P-Vi. 

A V Mx 



/2 I S.0D. I D-VX I WaT j&|4|||0 , 

^llOOWlc.ii.OO-IO* m u 

£^^6.l4,IO-V /ro 
^" ^ JTOxiry m?* 

EVaLIAIé: f ^ntA^ 5 '® 0 *™ ^ H . IOQOA> -500xlQ > W'm'.Thi* i*a very ¡ntcnMí heam spread ow 

100 m* 



32.53. iDivim: l^eorbiimg^aiellitee^ey^Ne^icin^^econd law of motion + The intenMly of ihe eleciromagnebc 

u ave% it Iramrnit» obey t the ¡m*ersc-«qiiare diriance Lm . and (he mtensiiy of ihe waves dependi on the amotltudc 
of the clectric aml magneikr fickU. 

Sur I'p: Ne^ton's sccond Law applied (o (he saldllle givc» mi*\R ■ GmM-f. wbere.Wñ the man of Ihe üarih 
and .*." is the mau of ihe «atelliie. Tbe intemity / of ihe *»c h / ■ " *■ and by defmuion. / - P„fA* 

EXECtTE: U) Tbe period of the orbit b 12 hr. Anptying Nci*«>n's2'^law lo (he xalellitc «¡ve* mi'Vií -<ioM ¿. 



whkhgrves — — - — . Sohnng forr. 

6.67x10 " N nV>fcg J )(5.97xl0 J * kgj(12x J600 %y 



»e gei 

id 



17 



- 2.66 10 m 



The heighiabove theiur&ccUn - 2.66 - 10* m- 6.38* 10* ra- 102 * 10 m. Tbeiatellile only radiales ils 
ene rey lo tbe lower hcmitphcrc, so (he área \% 1 1 2 thalof a iphere. Tbuv, from the defírüiton of inteniily. the 
inicn&dy at ihe i? round is 

l-P m iA -/' fll . l i2xA*l-(2S.0W>j2<2.02x 10^ m>*| — 9--7Í x 10 ** WW 



f/ lJ<S.85x|0 1J CN*mM(3.00xirym^) 
^V=(2.7lx|0* NCK3.00xl0* ro , *)-9fl3xl0" is T 
r = ^c-(2.02x]0 T mH3.00xL0" m«}-00673x 



32-14 Chapín 32 



Id) A -c//- (3.00x10" ir**y<l575.42xlo*lb>-Ol90m 

EVALUATE: The ftcld* and prc**urcs duc lo the*c *aws are ven* utiall cumpared to tvptcu) luboraiory quantitie* 



.21 

32.54. Idemify: for a (oially rcflccirve Mjrfocc ihc rodiatKin prct*urc « Find ibc torcí* duc to thr* prc*vurc and 

exprés* thc forcé tn icrrm of Ihe powcr output P oí the *un. The graviuiional forec of the mn u ■ r 



r 

EXCCLTE: (i) Thc *uil %hould be rcflcclivc, lo produce thc máximum rudiubon rwcHurc. 

21 P 
(b) A*j = y — jA i tthcre.4 i* ihc Area oí the **íl / ^ where mk the dirtance of the trom the «in 

_ Í2^V P \ PA PA «mlf_ 



, c P^Axr* / 2xr*c * 2xr*c 

A ^2xcGmM^ 2*<3J»xl0* dVi((6\67x10"" N-m^kg'MIO^OOO kgKl^xIO^ kg> 
? 3.9x10* \V " 

A m 6 42 x JO* m J - 6.42 km* . 

(c) Uoih thc praviutionul forcé uml thc radiarion pretnure ore inver%cty proporlioiul to thc ¡aguare of the dtit-ancc 
(rom ibc iun. %o ihii duunce dtvvJci out wtien we wt F ttí ■ 

EVALUATE: A very largeiuil « nccdciL jiwt to overeóme thc gravitational pulí of thc *un. 
32.55. lof.vii ft \ and Ski Vn Thc graviutionul forcé » given by lü|.( 12.2). Exprcta thc mau of ihe partiele in tcrmi of 
tis dcrmly and voluroc, Tbe radbtion pressurc is given by Eq.í32.32): reble the paira ompui ¿ of the sun lo Ib: 
intcn&iiy Jt a dittance r. Trie radotion larec i% the prc&furc tmxs thc crou sccitonaJ urca of ihc partiele. 

I vn I n : U> Tbe gravíldtional torce a F t *G^¥-> Tbe mm oí the du*t canicie n m - pt' = plxft'. Thus 
4j*?«Uft' 

<b) lora tottHy afatorfoing *urt¿ce - — If £ i* ibc power ouiput of the «un. thc micrtuiy of the *oUr radiotion 

c 

i ditunce t (toro ibc «un » Í ■ ^* *. Tbut - ■ ■ ■ » The forcé that cc<tc^>ocmíx ta u in the 
direction of propatration of ibc r^dution, u> ■ , «ttere A, ■ xíí* i% thecomponent of arca of thc p&rttcle 
perpendicular to the ndiatioci direcifon. Tbu* F t ^ -^—L-T^iirR* ) 



l(V,^T.t/ 



jj = 3(3.9x10^ W) 

~ I6Í2.99XXJ0" müX^íOOkgm MrxoTíxIO 1 N*oi"/ kf MI.99k10*' kg> 

A = t.9xlO~ m = O.I9/im. 

EVALUATE: The gr^itaitoml forcé and the ndiution forcé both tuve a r ' depetnlerKe oa Ib: dnUrKc from the 
*un* mi thn dislance divídei out in the calculalion of A. 

mío b proponiond lo I If /í <D_20 ;/m then ^ >F M and ihe radiation forcé wiUdm^c the rxirtjclc* out oí the 
- ■ ..r «yitem. 

.12.5*. luf.MiiM TTic electrón haj. ovccleration a - — . 

JE 



SKFUp: I cV - 1.60x10 " C. Aoeleclron tuw bl- e - 1.60x10 "'* C 



Elcciraiiagnctic Wavc* 32- IS 



EX£ttTE: For ibc electrón in (he ciánica) hydrogcn atom. ¿i* accclcralion is 

ffB jj a ÍS- a 2(IX6 C VHL6QxlO»J;cV) ^ 0 ^ &¡ nrf.Tkcn n» nglhc formula for ib: rale ofencrgv 
¿mtf (9.1 1*10'" kg)iS29xiO" in> * 

emwiioei giv«i ir» Problem 32,57: 

(LéOxHT» q-ta.tf riff , 4H|f|tr . ^.^.^ eV/í ThUl^v^of^ 

would mean dial ib? electrón wtiuld almud nnmcdiaiclv lose aJI ii* ettetv\ " 



EyaLItaTE: The clastical phy*»cs rcsult 01 Problem 3257 must nol aopry to 
.12.57. lotvnrv: The ixbitmg partick* ha* accclcralion ■ — . 

Sur Lp: A" -yim +; An electrón ha* mas* -QAÍxiO " kg and 1 protón ha* ma*i «1, «1.67*10 kg. 

1^71 (C'/Nm'H^C * * 1>J 



(b) l'or a prolon moving in a circlc, Ihc accelcraiiixi is 
¡1 



^ ¿«y* 2(6.00x10* eVHL6*IO " JfcV) . . - 

»— - j — 1¿ — - » l .53 x lo" m/t , The rale al which it rmiti cnersy b«M of 

ImR (1.67x10 kgM0 + 75m> 

ta „ *■ J^-" - 6 " 10 "' Cftl^M* ptf ^ mlJS3xltr » ¡/ís$32tl ^ cV/ , 

dr éJñy 6*^(3.0x10" m/»r ' ' 

rhcrcforc. Ihc fraction of it* cncrgy ihj* il radíate* cacty sccond 1* ^'^^ _ K cV B 1,39x10"". 

(c)Carry oui (he same calculaiions as ¡n part ih> but now for an electrón at ibc «ame speed and radiu*. That mcans 
me electrón'* aeccieration t% the «ame ai ihc protón, and Ihus *o es the mtc al whxh it emití encrgy* since (bey also 
nave (he samecharge. Uowcvcr the electrón** inilial cncruv «lift'cr* from (he protón** bv the tatioof their uusics: 



V (1.67x1o 1 kiil 



1. — - i^.ím" ■ Ji- A 1- — - » j\ . J :^r.l.ic l:. ü\c l:;iL-tnt. oí it* ttwis\ ±aj r. i*u:-\c* ¿\£t; 

<Jf/AKÍ*) 132*10'* eV 

s«ood tí ^^ i ___,2 J 4.IOV 

Í2£ 12(6.0 xia- cV'HL60xlO " J.eV) , ^ A . - „ . 

KvajiaIE: Thepmtntt h;i* ipeed v- I— - J ■■ --3.39x|0 mi . The electrón 

ym r Y 1.67x10" kg 

hai (he %amc «peed aml Linctic encrgy 3.27 kcV. The pankle«. in ihc aceelcraior radiaic at a much imaller rale (han 
(heelcciron in Problem 32.56 dix% + becauic m ihe accekrator ihe otbil radiui n very much larücr than in ihc aiom. 
so (he accclcration t\ much lew + 
32.5S. IniMin andSKl 1>: Follow the Mep* *aieci5ed in the pmblera. 

^-*^-í-^^' ¿HKx-vD+E^i+kt^' cr-rt^-ü*) 
££l=-2£ í Aje ■* mtix-a*) e^^«.M*^-^K 



: — f *¿— lgr*<*2£^*je < 'coM* t *-AW)*£^c wi»^t;a:-«í).Th¡»will<>olybetnie if 
(h) The encrgy io Ibe waw isdiimpatcd by (he t R hcalingof(heconduclor 

EVALUATE: The kiwvr ihe rrequeoey of Ibeua^w, the greater ñ the dihtance (hey can penerraie inlo a 
A diclectric (nsulatitrk has a much larger re«»tiviiy and thenr wave» can pcneirate a greater duiancc in I 
malcriáis. 




The N ature and Propagation oe Lkíh'i 



13 J. 



Ideviifv: Fw rcllcciioiu tf. -0.. 

Sin Up: Ibc iksirvd paih afine rsv « *Letched m 1'igme 33 



i ji : and 



144 



.*» 4-50.6*. 0 -9C*-4 = 3*4*«id 



^39.4 



■ 1-5 m 

EVALUAIS: The ¿ingle oí incidence u mejMirod írom thc nonral lo Ihc Mirface 



lotvnn : Fur re fícela O r 

Skf UP: Tbc ang le* of incidence aml 
pcipcnJicutar w hen ihcv ctmv rr - 90" 




l'iiíute 3X2 Fe* thc 10 be 



EXEtm: <*> 0 + ¿ = 9O*and p + 0 ^ <H>\ 40 ^ff.It^W^^a- 
|b> ff*¿(l«O*-a)fti0tt)*-9O*|«45*. 

EVAUTATE: Ai 0 >0 - . .r > tttü' .Thu corresponda (o thc incident and 
tamc dircciion A* 0 -> W 1 * -* 0* * Thi* co 
tipoosilc dacetion*. 



lay s ín vetmy in ncarly Ihc 
cay* travcling in neariy 




npn 33.2 



33-1 



JW Chupín- 33 



33A lot vim Jihl Sur Ir: U*cfcq* <33 l) and (33,51 ti> calcúlale vand J. 

v ií 1,47 

* 1,47 

EvaIAjAYE: Lighi b &kwcr ¡n (he liquid iban in vacuunr Dy v ■ f¡L, wheo v b Alcaller. A U xmallcr 
33.4. lotvnFY: Inaír. c - , In gla**. x-— ■ 

Exm it: (a) a* ■— -517 nm 

/ S-RO-IO 1 * 11/ 

EvaIAjATE: In ula** ihc huht traveU *lowcr iban in vxuum and ihc wavvlcnmh i* *ma)kr* 



33.5- Idímify: tt * — . ¿i-— .whew a,, w thc wavclcngth iti vacuum 
r tt 



Up: c - 3.00 ^ ICf m* , w for aír b only *tigluly )jT£ít than unity. 

c XOOxltf ra* ( , J 
ExmiE: (i) » =— * : = L54, 

V I W * 10 :r. ■. 

<b| ^^»t^^(l,S4)|3,S5xÍO-in)^S^7xlO í m. 

EVaji ATE: lo ojoan? thc «peed b lowcr and ihc wiYcIcnglb b *mallcr than ¡n air 

33A iDEvnrv: Zm¿L m 
i* 

Stí Vrz FromTable33J. -1,333 and -l.SCII. 



. i. | ^ - - (43K nm»! J33Í - 5«4 nm 

EvaLíaIE: ¿ i* wnalle»t in ben/cnc. *rocc n b largen for beni»ic + 

33.7. lotvnn: Apply Eas,f33,2>aiKl <33>4j lo calcúlate 0 and (I , Thc angle* in Iheic equalioro ate mcaiurcd wiih 

rcKpcci (o ihc normal, not Ihc iur face- 
ta) Se i lir: Thc incidcnt. rcncctcd and rcfraclcd rays are *hown ín Figure 33.7* 

Exrx i:TE: 0 -0 - 415* 
Thc rcflcctcd ra y makc* an 
inglcof 90 0* -0,-47.5° 
with thc «urfacc of ihc u)a*f- 

Figure 3X7 

<b) * ¥ iinr? ■ n.Mntf^ wncfe thc anglei are mca&urcd from ihc normal lo thc inlerlacc- 
^ \M 

Thc rcfraclcd ra y makc* an anglc of 90*0* -0 - 66 ü T wtíh Ihc surfaceof thc glaiu* 
EvaiaaTE: Thc lighi b bent tonard Ihc normal w hen ihc light entera thc material of largcr refractiva 

33 A IdevtifY: Use Ihc cfatance and time ta find ihc «peed of light in thc plartic n - 

v 

SETl Vi .1 (10- JiV nV* 

d 150 ni . c 3.00xirym* 

EJOCim v--a 3 -&2.l?)c|tf'm/*. -l,3ít, 

i 11,5> lf*i ^ v 2,17 x 10' mfc 

EvAi,tA1E: In air light ira\ek Ih» same diitancc in ' "' - 8.3 m , 




Thc Nalurc and Propapation of Lighl 3.10 



3.U0. 



iiHMJh and Siif Vtz Use Snell'i bw lo fmd thc índex of refraetion of ihc 
cakubtc thc fficod rof lighl ¡o ihc phnlic. 



jnd then t!ü.(33J) u> 



--(si)- 



> # 



- U*>4 



íin«ry 



v n 

EVALUATE: Lighl U llover ¡n ptaiic iban ¡n air. Whcn ib: lighl goci Irom air into thc plástic ¡i ¡* bcnl toward 
thc norma) - 

iDEVnrY: Apply &ncll'i bw at boib ¡merfaecs. 

Si.r le: The path of thc ray n «ketched ¡n Figure 33.10. T*bk 33.1 gives « -1.329for ibc mcthanol 
ExECLTE: (a) At ibc a¡r-gbst inlcrfacc (l>0D)i¡n4l3 D - n mih/ Al ihc ulasvmcthaítol ínter face 

ff^vtna -(1.329}smr?. Combiningihcic tuocquation*givc% *¡a41.3**1.329iinr7¿nd 0-29.8*. 
(b) Thc same figufCi^ip1ic*Jh for pan {a% exccpi 0 -20.2** <l.00,im4L3*-n*in202 o and ««1.91* 
EvaIAjATE: Thc artflc « ix 25.2 a . Thc índex of rcfraciion of mcih&nol n leí* ihan thai oí thc gbw and thc ra y ¡i 
nent a»uy frorn thc normal at ihc glan -> mcthanol inicrfacc> Thc unknown liqud has an ¡ndex of rctracbon 
grcaicr than thit of ihc gbix* 10 Ihc ray ii bent tottard ihc normal al thc cías* -* tiquid inlcrfacc. 

air 




Fípirc 33.10 

33.11. lD£\nn: Apply Sncll'i bw tocach refraetion. 

Ser te: Lct Ihc ughl iniuallv be in ihc material mib refractiw índex u and ki thc final ibb nave refraclive 

índex iv In patt ra) lct thc rniddk dab bave refraclive ñidcx n}. 

EXECHE: (a) I** inlcrfacc: «,»nf. - «, sin/-/. 2* 1 ínlcrface: i^sinfl snW\ . Combinme ihc mo cmialiorv 
gira rf.sin0 4 -H,«n« . Thii ¡i thccquatíon thai would apply if thc muidle ¿labwcrcabscnt. 

<b>ForV*lab* t ^4*4 -4 ta* I., * s ¡ m0 s . 3 ^n^iinO, Combuung all ibctc equaiw 

grv«* # *m0 4 ^«nft. 

EVaUíaíE: The final dircction oftra^l dependí on tlwajigkof incidcncc in thc fírit ilaband thc refraclive 
índices of thc lint and btf &latn h 

33.12. iDfcvnrv: Apply Sncltsbw lo me rcfraciion at cach inlcrfacc, 
SetVf: n = IÍK1 « -1.333, 



I \m lie: U> 0 M =««ÍD^-!I=-«n¿^J= 



f 100 



kiit^5 0- -25.5* 1 



VLJ33 

EVALUATE: (b) This cakubtion bai no dcpcndcncc on thc glast bccauic we can omit mal slcp in ihc 
cluin: ■ n^^- *in Ü mrr - t.^*iní^^- 

33.13. |p£\n*Y: Whcn a uave pai»ei Iromonc material inio anoihcr, ihc number of wave» per «econd thaicrou Ihc 
boundiry n thc %amc on both sidci of ihc boundary^ w ihc frequeney doc% noi change. Thc vclcttgih and ipeed 
of ihc vvjvc. him vvt'i. Jo change. 

Skf UP: In a material having Index of rclraction n, ibc wmckngih t% Á*—* where ¿¿ is me i*avelcngib in 



vacuunv and me flieod ti Ji, 



EXECtTE: (d)Thcfrcqucncy » thc 



nit ii tlill/ Thc wavekngth becornci ^ - *o ¿« - r?¿ Thc 



i* * — ^ *oc - m H 



Ib) Thc frequenc\ ñ slill /. The wjivclcngth becomet A f *^L*—**( — U and thc «peed bccortici 

tí' »' \ iT 



ji' ff* \ n - 



EVAl*i'ATE: Thcic resulte give thc speed and wavclcngln in a ncA r médium m terms of thc original médium 
wUioul relcrrinc ihcm lo thc valuci in vacuom íorair). 



33-4 Chupín- U 



33. 1 4. IDECTIFY: Apply the law of rcflcction. 

Si:f te: Tterrirror ¡n iti original pouium and aflcrbemg rutatcd by an anule //are *hown in Figure 33.14, rr b 
ihc anirk ihrough whkh (he reíkcted «y rotaic* when thc rnirror hjüws. Thc two angla bbcled ^ are equal and 
ihc tiro angle* labcled tf'arc cqual becau* of thc bw of rcllctrioo. Thc two angk* bbcled 0are cqiul beeauic thc 

linct Ibnrxing cinc iiticlc ¿re perpendicular lo thc trocí forming ihc other ancta- 

ExcrtTE: Fnxn thc dugram, 0 - 2/- 2(>'-^>and /' - o'-#. a-2tí^a* «u tobe*hown 

EYaUtaTE: Thñ rcsult n independen! of the inicial ancle of incidente. 



Nt*m»lto 




;.r. .ir. — -mi: 



Figure 33,14 

33.15. Idemifv: Apply a unO -H^iní^. 

SO I r. Tbe lighi rerracb frorn the liquid inlo thc glast. *o ir. •1.70, ú r * 62.0 a . *¿ -1.58. 

EXCCLTE: Ún4s|^jan0 4 ^|^ 

E VALIATE: The ra y refracta mtoa material of tmallcr %o il 11 bent away fn>m the norma). 

33.16. lokVim: Apply Sncir* bw. 

m 1 \v and 0, uc mca&urcd relaiive 10 the normal 10 rbc mrface of the rnterface. ú t -óO-O*- 150* -45.0 a 

1.52 

so thc angle rrom ihc votical r* an acklitional 15' bccauNCof ihe tih ofthe «urface. Tncrcíorc. thc anglc i* 53.2* 
E\ alíate: Compared 10 Fxarnple 33.1, a ¡«tbiftedby 15* bul theihitt in 0 t vonly 53 2* -49.3* «3.9* 

33.17. lotvnrv: Tnc critica! anglc forlotal internal rcfleclion a ti thai give* i\ -9C*mSneir* law. 
SO L'p: In Figure 33.ITlbeanglcof incidence 0 i* relaied lo anglc 0by ti_ tO-W, 
tutllt: <«) Calcúlale *> ihaigivc* 0 fc -90\ «. -1.60. n, - l.OO *o 4,*iji0„ - n,ünO Á givo 

<l.6O)*ní^-<l.ÜO)rin90A sinP. - and fl. -38.7*. tf-90*-6> -5U*. 

<W*.-I.Ó0. -V-IJ33. <L60}*intf. - íF333)«n90°. *in0. and £>, - 56.4*. f?-90* -r? -33.6*. 
EVALUATE: The cnucal anglc incrca*c% iftticn thc ratio — incrca*c*. 




I iE»rc33J7 



Thc Nalurc and Propaualvott oí Líghl 33-S 



31l§. 



IdevtwV: Sincc Ibc rcfr*ctivc ínikx of thc glasi íi grcaicrthan irut of air or water, lula! inicrral rcflcction wíll 
Dccurat ihc cube *urfacc if thc aneje of incídcncc ti greater than or cqual tu ib: cnlical ingle. 
Sur l'p; At ihc crítícal anglc tí. SncH's law gives iin ™ ff, a xín 90 & and likcwi*c for water. 

i ji : <«) At ibe critica! vigíe tí tí ->u, %\n90*. 1.53 sin - < 1 iK*»j I Fandtí - 40 K . 

|b> U*mg Ihc sarne procedure ai inpanUKwcbave 1.53 ón A - 1-333 nn W and tí 

EVALUATE: Stncc thc rcfrachvc ináex of walcriicloxcr lo ihc refractive índex of gtos* than ihc refractíve índex 
at air is. the crítícal anglc for ghavto u ¿m i* greater ihan for cl&tvto-air 
lotvnFV: Uxc Ihc crítícal Angle toñndlhe índex ofrefraciiooof the (¡quid* 

Si:f l p: Toial ínlenul rcllcciion requírc* Ihat the líghl be incídent un Ihc maierál wiih thc larger *, ín Ihí* ca*c 
the lidiad. Apnly n t *mtf. - xíntí k wiih a ~ bquid and A ~ air, to » t -n^ and n, ■ 1,0. 
Evu i ii : 



0. -t? 4l wñen i 90°. loit^iintf^ -(l + 0>iin9(>^ 
1 



sni4? M <io42.5 9 
Ml^p^ (tf-líqu¡d.6'air) 
, . IÉ« <L4Hl*ín35JF 



[h)Now n Mnfl 



(1.0>xín35fl 



^OMS* and tf^ 58.1 
<J wilh a - air. A ■ líqunl 

1 -03H76and A -218° 



1U1. 



n fi 1.48 

EVALUATE: For ligbt travclíng bquid -* air Ihc light i* benl away rrom Ihc normal. For huhi travclíng aír -> 
liqukl the light ¡x benl toward thc normal. 

Idestwy: Thc largcit anglc of incídcncc for whkh any líghl rclracti ínto the air ix Ihc crítícal anglc for 
water -> mí . 

5EF I'p: Figure .13.20 xhow% a ray inctdcnt al thc criikal anglc and therefore at the edge of ihc ring of light. The 

radiu* of lh¡x círole isr and */ ■ 10.0 mu thcdixiancc from Ihc ring to ihc lurfacc of the water 

tAuui ; From thc figure. r-dunO . 0 ix calculated fri • a %m0 -n \ %m0 k wilh« - I 333, 0 =0 . 



I 00)smW 



jnd/V . - 4B.Ó* r-<IO.O m)lan4K.6°- 1 L3 ra 



L3J3 

EVAUUTE: When Ihc íncídcni anule ín Ihc water h largcr ihan ihc crítícal anglc. no light refracte Ínto thc lir 




33.21. lofcvnfT mi Ser Ito rivclw -> 



I ipire 33^0 
walcr. r? = Apply SnelT* law 



1 toeakubte thc índex 



113 



E VALIATE: For loial ¡niemal rcllcciion lo oceur ine líghl mutt be 
índex. Our rctulu give n > u. ^, > ín agreement w iih Ihíx. 



mcnlcnt ín the rnalcnal of largcr refractive 



33* Ch»pttrW 



.1X22. lotMin: lfm lighl rclhcti out of thc g\m ji ihc glaix lo air interracc, ihcn thc incidcnt anglc it that 

Si r [ >: Thc ray h¿i an anglc of incictoicc oí *>' at thc finí turfacc ni (he t'.bw. «o cntcrx ihc ¡c la** uithuui bcing 
bem t .i- in Figure 33 21 Thc figure jhowx - h.n « + 0 M = 90*. 

ExKd it: (a)l'4*thcglaxx»air inferfate 0 -0.,. ^-152. « - LOO and t\ - 90*. «éfl -n k MO^ givex 

(h) Non' thc iccond interface i* .i.i ■ ■ -» waicr and /: ■ 1.333. ff^*in0 - n fc *intf f givcx xinf p( 

and 0 „ - 61 .3*. a - 90* - 0^ - 2Í.7* . 
E \ \i i. atk: Thc enticé ancle mcrva*cx *hcn thc air U repiaced bv water and ray* are bcni ax ihcy rclract «tul oí" 



LS2 




.13.23. lotvim; Apply íí ¥ iinr? -n Á %m0 Á . 

Stí I f Tbc lighl » in diamond and enenunterx an imerface i*uh air, ic /:_ ■ 2.42 and ^-1,00. Thc largc*i 
0 i*wh«i 4=90*. 

falUIHl l2.42>nn^-(].00)KÍn90 4 .»üi^-yLand # 4 -2M\ 

Evaji até; Diamcod luí an uxually large rclractivc Índex, And Ihix rexulix in a *mall críheal anule 
.13.24. IDMIIR Sndlx law i* «.sitif. ■ n B 
Str L t p: a - air . b ■ gbu . 

EXECIITE: (a) red: n ■— 1.36 . vmlcr &■ l.4( 

«nfl 



c 



■-ir. ^ 



nn36.7 



<■ 3.00* 10* nVa Plitl „ c 3.00*IO*m.x ,„ lrtl 

I »rcd: r«— -2,2 « tf nV*;vwlei; v = - = -14x1/ mfc. 

n 1.36 n l« 

EV ALIATE: n íx brger fnr thc violct light and thcrcfrrc thix lighl i* bent mure tuward thc normal, and ibc vvokt 

light hax a una Mor xpeed in ibc gLaxx (han Ihc red light. 

33.25. lotviuv Wlicn unpobriwd light puxic* ihrough a polari/cr thc intcniiiy i* reduced by i Hutitrof T-and Ihc 

tranMniltcd light U potan/cd akmg ihc axiiof thc polaruvr. Whcn rxiUri/cd lighl üf mtcnxíty / M íx íncidcni on a 
pc4arí^cr. thc tranxmtucd intcnxity is / ■ t ttMt cor* c» , ^hetc 0 ix Ihc anglc bctwccn thc polan/jtitin dircciioa o! ihc 
incident lighl and thc axix oflhc filicr. 

SrtW: Fot thc mond pobrt«r ^ - 60* Fot thc third pcJin/cn . ' i M> L . 

ExutLTE: U) At point H ihc inicnxity ix / 4 /2and thc lighl i% polarí/cd along Ihc vertical dircclic<n + Al p*>mt 0 
thc intcnxily n (/.. ' 2Hcix(6l) a )* - 0, 1 25/ 0 « sid Ihc light ix poUn/cd akmg thc a\i* «f thc «ceond polan^cr. At 
potnt Cihc inicm<ty ix iQA2$l*Kco*Xf)' ^0«3S/. . 
(blNowforthc n filicr ci^90 Q and / - D. 

EYaLíaTE: Adding thc rniddk fiher incrcaicx ihc imnxmiticd inicmity. 

33.26. iDEVnrv: Appry Sncirx bw + 

SETUP: TbcincitknL rcllcclcd and refracted nyxaxc xhown in Figure 33,26. 

EXCCUTE: Fn>mthcñgure, fti J7.0*and n, - ^ - 1 .33 *| n 53 p = 1 ,77, 



Thc Nalurc and Propaitatioti of Lighl 33*7 



ÜVAi i ATF.: The rcfraeiue índex of A i* creakr than thai of j. and thc rav n beni tomad the normal ivhctt it 




liiurc 33JÓ 

.13.27. lot muy and Su 1"f; Rcllccicd beam comfilcfely lincarly poUrixcd implica (hat ihc angle of incictoicc cqu&U 
ihc poUr¡/ing angle* w 0 - 54.5 a . Use Eq.03.it) lo calcúlale thc refractive índex of ihc glavt* Thcn u*c Sncir* 

law to calcúlate thc ¿ingle of reír acuon . 

ml« 



'i 



Mtttf a«Pi«nS4.S* 




D5SI5 and A ■ 35.5 



Note: 0- 180.0**4 -ft And -0, + Tbu* 

¿-180.0*-M5 S -J5.S*-«0 T ; ibe 

reflecied ray and (he rcfraclcd rayare 
pcqvn<bwiíliT lo caen oihcr. lhi% aeree* 
wiih FigJJJft. 



Figure J 3.27 

33.28. lot\ní>: Sel /-/ f 10. wherc tú the ¡n#ensirv of hcht pa**cd by ihe ¿ccond polan/cr. 

Si:f Up: \Vbcn unpolari/cd lighl pastci through a polari/cr rhc inicmity ¡* reduced by a faclor of ¿and ihc 
Msmíiied light ■ polarbxxl along thc axiiof <hc polairaf Whcn pobñ/cd lighl of intemity / w íi ¡ncídetti on a 
potar¡/cr. (he (ransmiitcd inten*ily b /■ /^con*^. ivbcre 0 ís rhc angle bctwccn ihc polaraation direclion of rhe 
inciden* lighl and thc axis of rhc filier. 

Exurnt: (i) AftcTlhe fim filie* / - — and thc light i.% polarurcd alone the vertical direclion. Altcr ihc «ccond 



filierwe wam / = —*\ -i |<co*¿r - co^- 0>éM 



Now ihc ílnti Hltcr paste*, (he tull micnmv /, of (he incideni lighl. For (he sccond filtcr — ■ Í,im6Y . 



coa^- V '10 and *-7l.6*. 

EvAJ-tATt: When ihc incideni light h polarecd along Ibc axis of ihc fnsi iiltcr, ^muM he largcr to achieve (he 

*amc ovcrall reduction in intensily ihan whcn ihc incidcni light i* unpohin/cd. 
33.29. hit m ji-a ; Trom MaJus/% laiv. (he micn&ity of ihccmerging lighl i* proportional lo ihc sqt*an* of (hccoitne of ihc 
angle betwccn (he polarí/ing axc* of thc two fritera. 

Skf UP: If Ibc angle bciween Ihc twoaxc* i* (K (he imcnsity of thc cmcrgtng light b / * / u co¿ü 
ÜXKCtTE: Al 



*' - /. _ co* 'O. Jnd it inc nov joglc n t 1/ - L^cotTa. Tikinií (he ntioof (he intcnMlici 



sn --C^ m l-' wbkbpye% "ÍT 

CvAl-t mk: Careful* Tni* rciull i* nol cos'^íí 



- — — . Soivine lor a y»cld^ a - arceos 



coitf 

IT 
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33.30. Id¿\iih: lite reflcctcd lighl i* comntcicly polanml whcn ihe anglc of ¡ncidcncc ct|ual* thc poJun/mg anglc 

■ ■ kt. i.i:.' 1 — 
n . 

Sil Ur: ji fcE t.66. 

I íV6 

EWXtTE: (m) 4, =1.00. ianr? p = — aml 0,^58.9*. 
<b> 1.333, t^^-i^and tf, =51.2*. 

EVALUATE: The polari/int; anelc dependa on ihc refractive indicie* of both maicnaU al thc intcrfAce. 

33.31. Idimim: Whcn unpolari/cd tight of intcnMty /, u incnlcnt cm a polarixine Ijltcr, Ihc rrantrnitlcd litjhl ha* 
mtctmiy i/,, and u polan/cd along thc filicr axiv Whcn potarved Uvln of ¡nicnsity /,. i* incider* on a polari/mu 
filier ihc rranimiticd ligbt h» tntemily /,vw > 

BCT Lta Fot thc iccond filier. 4» = 62.0 a - 25.0* = 37.0* . 

EXEtLTE: Altar thc ftrtl fdter Ihc micrurty 1% jt t -10.0 W/m" and the lighl ti poUrircd along thcaxi* ofthe 
lint fihcr. Tht intcn*ity aficr thc «ccond filter i* / - / t co**^ , wherc / 4 m 10.0 W r ¿m* and í »37.0* . Thi* 
gire* / - 6.3H W/raf . 

EVaLL'ATE: Thc tranutuitcd mictiuiy depends on thc anglc bciwccn thc axc* of ibc lwo Altero. 

33.32. Idsxufi: Altar paxiwg through thc Wnt íilicr thc lighl i* lincaríy poUmcd along Ihc filtct axi*. Afta Ihc 

xecond filtcr, / - i tm (c&zfy . wherc c* w thc anglc bet wcen ihc axc* of thc two fíltcrv 
Si:f Up: Tbc máximum amouni of lighl U irammiticd whcti j> u 

EJOCITO (1) /«/ ( (coi22.5 4 l i =0.854/ fl 

Eyaj.íatE: As 0 mcrc4*c* touard 90" thc axes of ihc lwo filien» are cloicr to hcíng perpendicular tocach oüicf 

and thc tran*miitcd intcn«iy 4fo:xea*ci. 

33.33. lo¿\n*\andSi:r Vtz Appry Eq.(33.7) lo polaiüct* #2 and M3*Thc lighl incidcnion thc fím polanm ís 
unpotoij-cd. u> ibc inmamiticd heht ha* half the micnmy of thc incident lighl. and ihc itansmiticd hght is 



[*) E\<íi 11;: Thcaxc*of thc threc filien, are *hown in Figure 3333a. 

ni 

~y*fl « y^y_co*> 

! 



/ • 

I 



Aflcr thc fint filicr thc intcnaiy is I l m T I l and ihc hghi i* lincarly polari/cd along ibcaxit of Ibc firai polari/cr, 
Aflcr thc sccond fdicrthc intcn»ity ú i - | ¿o\ o - - U/. H^45 ii-y -0.2S0/ t and thc lighl h linearly polan^d 
ilongthcixi*ofthciecondpoUriwr + Aftcrthcihirdfilicrthc mlcnuly t% /^-y.m'V-O^O/JcotiS.O*)' m 
0.125/ and thc hght is lincaHy pot^cd alone, thc axútof thc third polarixer. 



tl»Thcaxci ofihcrcmammgiwo hiten ate sthowtt m Figure 33 J3rx 
«I 



Aftcr ihc fir&i Hlter ihe inicnsity u /, ■ U„ and thc 
'1 * ¡ lighl i* linearly polarüed along thc ax» of rhe fir*i 



Aflcrthenextfiherthemtcttaiyb : jíwV^TtK^WT'O. No 



k\AJ t aie: Lwhí a tr.iiiNnur.cd thí\uth bU ihrcv fihm .bm ™ bfU bamxntted ii tht nrdoi: ivibruxr ixieitKiwd 



Thc Nalurc and PrapapatLon oí Light 33-9 



33.34. Ji» m im : » ' i" ihc traromitlcd mlemny wrvn *>1 1 three polair/crs ate prc*cnt lo wlvc for thc ineident intensity 
/, . Thcn renca I thc cakulation with only thc firsi and third polarijcrv 

Si i Llp; f"«r unpolari/cd light inddcni «ni fihcr. / ■ ¿J 0 and thc light i* lincarly polarurcd aking ihc flltcraxis 
For polan/ed lit'.hi incider* on a filicr, / ■ /^icos^r , where / M ¡* ihc ¡nicmity of Ihc inciden! light. and thc 
emerging lighl i* lincarly pobh^cd along ibc tltleraxnt 

ExeCLTE: With all threc polart/cr*, if thc inciden! tntcn\iLy » / tI thc irar&mittc 



293 WJon* Wilfa only thc fírtf 



0256 0256 

EVALUATE: Thc transmita! intensiiy b greater when al I threc íl lürrs are present 
.13.35. Ideniiky: Thc Lhortci ibc wavclcngih of light, thc mure il i* «cattered. Tbc inten«ily ii invcrscly ptoportional lo 
thc Iburth pw« oí thc wavclcncth. 

Sur V?z Ihc ¡nlcotity of thc «eattered hcht u proporiional to h'Á , wc tan wrílc ¡t ai /- (con*lantli h a . 
EXECLTE: (a) Sirve / i* proportional lo \ÍÁ , wc have / - (conilantl ¿ . Taking ibc raitoof thc imcruity of thc 



red Jit?M totrut »l thc creen hght vive» — = 



f. <con*iantW.¿ f¿) f520nmV 



Lh) l'ollowmc ihc 



f Uonvlantí A r * T \ 665 «n 
K _f -O* f 520nmV 



-0.374, «>4-0.J?4/ 



i* in pan | a i tfiVC* — - — - - - 



2.35**>/ v -2.35/ 



Evalúate: )n thc waticrcd light, thc micnuiy of thc thon-tt-avclcngth viokl light i» about 7 timen ai greal a» 
that of thc red lighL «o ihi* scattcrcd lighl will have a Muc-viotci color. 
.13.36. Idemiey; Ajs thc ftive from reacbes thc *harpobjccL every potnl t»n ihc ftont will acl ai a sotirccof sccondary 
waveta&H 

Sur Up; Coroider a wave froni that i* iutt about lo so pa*i thc comer lolknv it alonu and draw thc iuccchívc 



1-aunh Thc path *tf thc wavcfronl U drawn ¡n Figure 33.36. 

Evalúate: Thc wave fronte elcariy bend around thc *hatp noint. jum a» water uaves bend around a rock and 
tight waves bend around thc edee of a *lit + 




IÍKure3.U6 

33.37. loEXnrv: Rcflcetion rocrsei thc xign of Ibc eomponcni of lighl \-cloeily perpendicular lo Ihe rcrlcciing uiKaee 
bul Icavct thc oiner componente unchangedh 

vi UP: Comidcr Ihrce mirron, 3/i ¡n Ihe t'.t.i )planc, 3/; ¡n Ihc (r.rhpbne^ and A/i in thc (r.r> plañe. 
Execiie: A lighl ra y rcflccling from 3/ichange* thc *ign of Ihc r^con^ioncnt of thc vcloeily. reflectirtg from A/ ; 
changes thc A'ComponcnL and from .W¡ ehange^ thc » componctu. Tbu* Ibc vclocíty^ and henee abo ihe path^of thc 
light beam flirn by 1B0 3 

EVAIA'ATE: Mxampic 33.3 discuTuen tome u*c* of comer rcilectori. 

33.38. IDCKTIIY: Thc lighl travcli slowcr m thc jclry than ¡n ibeaírand henee will lakc longer lo Iravcl thc kngth of the 
tuhe when il t% fíllcd with jclly than when it eonlain^jtiit air. 

Sef I'p: Ihc definition of Ihc Index of rclraeiion uit — tiw where v i» Ibc tpecd of light in thc jclly. 

Execi te: FM gct ihckrigth¿ofthciubcu«ngjúr. In thc air, «c have ¿ (3.00* ICr" n>^MK.72 n*>- 2.616 1 

ThctpccdinthejclK üv - - - (2.6J6mMr1 72 r» - 2.04 nt\ - 2.431 * IO*mY*> n - - - 



E VALÍA TE: A hich^pccd limer would be needed lo 



iirw* a« ihon as a fciv 



JMf (haptrr W 



Id* mim and Skf Ur: Apptv SoeH** law ai eaeh intcrfacc. 

I \m i 1 1 : (i) and Ji.unfr-^unft.ao it É un0 ( -i^unfl and un# ■foffc4)'*h< 

<ití Mo^-njunfrand rtjuntf, -«tiintf, , *o i^untf - it^unft aod thc light iraké* ihc orne angle with remecí 

(0 ihc normal io thc material ihal ha% rclractivc índex a» ¡t dtd in parí (a). 

(c) For rctkctkxv f h "d\. The*e angle* are siill cqual if O r botóme* thc inciden* angle: rctlcctcd rajare abo reversible 

EVall'ATE: Boih ibc refracted and rcfWctcd raY*axc rcvcruMc* ¡n ihc seme thai ¡f thc direcbon of ihc light U 
revened ihcti cachof thc*c ray* Iblkw ihe path oribe incidcni ray. 

.13.411. loiviui: Use thc chango in tranul lime lo tlnd thc *pced » «f lighi ¡n Ihcslab, and then apply ií - — and ^ - — * 

v n 



Up: Ii take*lhclichiraaiMitional4.2 n* torraYclO.K40niaftcr mecían 

OMQm O.H4üm , 0,840 in am , , 

ExtxiTE: -(a-I) -4.2 ni. Wc can now solve forme índex ofrefraciHrti 

^'"• l0 ^< >w - l0 ' m ^ 

0K40m 2 50 



re trjií I WD al 



E VALIATE: Lighl (ravcU slowcr in thc slab ihan in air and ibc íravclcngin U *horter, 
.13.41. lo*.\m\ : lite angle of meídence al A » k* he ihc critica! angle. Apply SncIT* law at thc ait tog 
thc topo! thc Moek 

SO UP: Thc ray i*skctchcd in Figure 33.41. 

I-Anuí: For gfa* -* jurat poüil A. SoclUlaw give* 11 Jft>an0 H = (].001sin90*and 0 M = 4&4°. 
- M» -f <# - 4.VtV . SnelTi lawapplied lo ibc rerraction fromairtoglan at Ibc lopofrhc block give* 

■ ! ■ ' ■- 1 1 ' 1 ' m {X J8>un(43.6 D )jnd 0. -72.1*. 

F VALÍATE: If 0Jx largor Ihan ?2 J'lhcn ihc angle of mcídence al poin* I ¡slcu than thc ¡nilial critaral ancle and 
uv*al interna! telUvlsitu dtvin't oceur. 




Figuro 33.4 

.13.42. Idemify: As thc lighl cro**ci thc glavc-a¡r intcrlacc alocig Ati. ¡t \* refracted and obeyt Sncll's law. 

Skf I r: SnclFs law im t sin - ru «n and ir ~ 1.000 forair. Al potril B thc ancle of thc prtun i* 30.0 a . 
EXF-ítte: Apply SncIFs law m Thc pritmangk? al A is 60 + 0^^xo for thc uppcrray. thc ancle ttfincidcncc at 
AB n 60 0 o • 12.0* - 710» Vsins thw \alue grvci «i un 60.0* - un TIO* and a. - 1. 10. For thc lonvr R*y, thc 
angkof incidcnceatJfl w60 0 f I 12.0 a * Uf - 80 5° gmngn» un 600" - un B0 5 6 m&m * 
E\ alíate: Thc kmerray i* dcllcclcd rtktrc than ihe uppcrray beeau»: ihat waidcnglh has a slightly greater 
índex of rctra^lion than ihc upper ray. 
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33.43. lof-Vim : CuculaHy pobriwd Lighl consiste ofthc %unerpo%it¡on of bgbi poiarired m two perpendicular 
directiom. wilh a üuarler-evck i 90' > pbasc AlTcrcncc bctwecn ihe i** r»larUation componen!*. 

Sn UP: A quarterwave piale ihifte thc rUw phaic of Ib: Iwn perpendicular polanuation componente by 90= 
EXIXLYE: In Ihe círcularíy pobn/cd lighl thc two perpendicular polarúation componente are 90" oul of phasc. 
The quarter -wave piale shifl* ihe refative pKuc by ±90' and ihcn thc two componente are cilhcr in pliatc or 
IKü' oulof pha*e* EithcTcorTCipoiKte lo lüicarly polari/ed lighl 

E valíate: Eithcr kft cncularry potarired light or rigbl circularty potarired light i* converted to linear iy 
polari/cd light by ihc iruarlcr^waYc piale* 

33.44. Ideviifv: Anply A . Tbe numher of wavekngth* in a diaance d ufa material i» — where k i* ib? 
wavckngth in Ihe matcríaL 

sil l >: Tbe dutance in gla*» is ■ 0.00250 m . The dittance in air i* 
é m - 0 01 80 m - 0 00250 m - 0.0 1 55 m 

fc\KCi te: numberof wavclcngih* - number in air ■ numher in gla»* 

■.torf^A^. 001 «" t M02 »'"(|.401-3.gx l tf. 
a i S 10> n- m 5.40*10 T m 

EvalvatE: Withoui tbe gla&* píate ihe numher of watclengifot bctwecn Ibe lourcc and wrcen \% 

0.01 80 m _j 

- X3J ' 10 . Thc wavelcngth i* shatct in ihe ulat* there are mine wavclcnglh* ¡na drtlancc in 

5+40 ■ 10 m 

gtau than ibcre are in ihe «ame diitance m air, 

33.45. iDEVnrv: Find tbe criucal angle for gla«t -* air, Lighl inodent al ih¡* crílical anglc h 
edge of Ihe halo. 

Si:f Up: Tbe ray incident al Ihe criucal angfc is dtciehcd in figure 33.45* 




Fipire 3149 

EXECtiE: From thcdülanccigivcnin thc*kclcb* lanr? - " 67 n)m v 0 10.7* 

" 3,10 mm 

Apply SnetT* law lo Ihe loial intcmul rclleclion lo ftnd tbe refraclive índex of Ihe gla**: n 4 *in0 4 ■<%ón 
pj ■!■<[_ ■VOQihiWr 



- 1.53 



EVAlA'AiE: Lighl inciden) on thc back Mirtace is ateo totally reflected if it U mcxlettt al ancle* ci 
If ii ¡s incid^ni at fc** than ff 1( it refracte inlo Ihe air and doe* nol reJWct back lo thc emuteton 
33.4o. lotvnFV: Appry Snclfs law m ihe refracikinof thc lighl as il 



Su ÜH -arelan 



2 ID 



sSIV n - LOO. rt. -L333 



tMXl TL: 0 - arctin' -I4in0 UatCMi 



i' 



(in5l ? I- 36 . Thercforc, Ihe diUance akiuc (he K»u«n oi Ihe 



\n VL333 

pool rromdirectly belo** tthere ihe licht entera towhere il hiu thebotlom \%x - (4.0 mHan^ - (4 + 0mtlan36 r '- 
2.9rn. - L5m * x - 1.5 m* 2Üm - 4.4 m 

EVALiATE: The lighl tav fn>m the Ita^hlichi u bent lowanl tbe normal ^vhen il rcfraciN inlo ihe 
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.13.47. iDtvnrv: Vxc Sndl** bw lo determine ihecllcet of ihe liquid on the dircelion oftravel of the light ai ii entera 
(he liquid* 

Sur VJP: l fsc geometiy tu fmd Ihe •nicles »f incidencc and refraelion* Béfete the tiqunl u poured in the ra y ¿long 
your Une of nghi ha* the paih *bo*"n in \ .lx:: 33.47a 



.rui 



1)300 



* 16.0 
0 L = 2637* 



Aflcr the liquid u 
ib**. a% shi >w n i . 



Muí»— * 
H K ure 33^Ta 

m. 0 4 ii the lame and the refraclcd ny 
LM7b. 



ihrouch ihe eenlerof ihe bottorn of Ihe 




16.0 cid 
O = 14.04* 



4ien 
Figure 33.47b 

ExtCTTE: L"*e Snellibw lo find if k , ihe rerraetive index ofthe liquid; 

. <I.OO*wi26.57»> 
*int> fc nn 14.04° 

EVALUATE: When Ihe light gocs (rom air lo liqiúd <brycr refraclive índex) it ü benl loward the normal. 
33.48. Idevhfy: Apply Sncll'i bw toeaebrernetionandapply thebwof relleebonal the núrrored huttonv 
Si r CP: Tbe path of Ihe ray iiaketehed in Figure 33.48. The problem a*ki u* toealeuble 0/. 
ExiICLlE: Apply Snelt* bw lo Ihe air -> uqUHl rerraetion. (L0O>*¡r^4i5 o )-(1.63)*ín0 4 and O - 24 .5 J 

fl, -¿and + *o r?* -fl - 24.5". SncH*t lawappliedio the liquid -* air refracción give* 

(L63>un(24.5*>-(1.00huiñ < and í» = 42 .í 
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E VALIATE: The Hghl emerges from ihc Ik|uu1 at thc same angle from thc iwmiM as il entered ihc liquid. 




.13.49. lo¿viiFY; Apply Sncll's law to thc water > recandice » air intcrlatc* 
(a) Srr Up: Conhídcr (he ray &hown in Figure 33.49. 





We w»i lo find thc incident an 


gle 0 * 


Ice 




thc ivatcMce áHcrlacc thai caui 
meídent anglc at Ihc ¡cc-air ¡nti 


esthe 
rfaor lo be 




4 ; 


thc critica! anglc. 




- i Vi» , 









ExiXtlE: icc^r inlcrfacc; ^nní^ -LOsnW 
lí^wnff^ -I.Oio wnrí„ « — 

H ■! from ihcdiagram we see thal 0 fc - 0 M * 10 «ntí^ » , 

water-ice Inter tace: n m i Mní^ 

Uui imA - — so a «n0 =1.0. rintf ! 0.7502 a»*l í> - 48 6' 

(b) EVALVATO Thc anglc calcuiaicii in part (a) i* thc critica! anglc fora walcr-air ínter face: thc anincr would be 
thc same if thc ice layer wran't ihere! 
33.50. Id&viify: Thc incidcnl anglc al Ihc prúm — » water ínterface i* lo be thc criikal anglc. 

Skf Up: Ihc rxiih oflbc ray b sketched ¡n Figure 33.50. Thc ray entera the pri*mat normal ineidence so i* not 
bent. Forwaier, ^*U3J. 

fcuXLIE: From thc figure, 0„ "4$*, n.iintf - <r, tin4J> givci w fchÉÉ *iti45 ; = (l -333>*in9D' . 
th " «n45° 
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EVALUATE For lOlal j 



rcflection thc ra y mutf be ¡ncidcni w tlte material «f sreater refractive 




I- ¡pire 33.50 

.1X51. lofAiin: Apply SncW* bw to thc rcfraclictt c*f cach ray a* it 
cquab thc ancle ^ = 25.0". 

Skf Lp: The path* of the two rays »c skelched in Figure 33,51 



cmctcc*. irom ihe wlavv Thc ansie of xncidcncc 




Ií*u re 33.51 

ExtXLTE: n t tmO t -n fi ím& t 

■-mi' ■ t ünlSXP 

sinft ■ LÓ6»n25,Ü p ■ 0 7015 

0.^44,55* 

/7 ^ 900*- .45.45* 

Ther» ¿" - 90 0* -A-fi- 90.0* - 25.0* - 45.45 a = I «5* The angle bctwecti the twi> ray* k 26 = 39. 1*. 

EVaíaaiE: Thc light i* ineideni oormally on thc fteeit foccof ib? pn*m so ihc tighi isnot he ni as ii entera thc prnm 
33.52. Idíviim : Thc ray ihoun in ihe figure that aceompaníci the problcm i* le* be inctdcnt al the ctíiícaI anclc. 
Si:r Up: 9 k - 90* . The incídenl »gle for thc ray in thc figure i* 60 & . 

n iintf 1 ;i.62*in60/ 1 



1 ^ sínVU- 

EVALi'ATE: TtrtJ-l tntcnul lefketion oceur* only when thc lighi i* mciucni in thc material of the grcjrtcr 
refracta ve índex . 

33.53. lofcVtlFY: No light calera ihe gas becaute toral mienuil teiTcetion muti have oceurred al the waicr-gas inte 
SEr Up; At ihe mínimum valúe OÍS. thc light «trikc* thc watcr»ca* ¡ntettace al the críiieal anglc* Wc apply 

StkWs UW. n.tinil - ít, m:.-' . -■ -l.il surracc. 

EXIXLYE: (i) In the waicr, tf- — - <IOT rnHl .10 m) - 0.991 rad - 56.77". Th¡* ¡* thc crit¡cal¿nglc. So.uting 

thc rclraetivc índex fbr water traen Tablc ^3. 1. wc gct n - ( 1 .333) un 56.77* -1-12 
4b) (ii Thc láser bearn slay* in the waicr all the time. *o 

Dn 



t-2R\-2R 



- (120 mk 1 .333H3JW x 10 m %) - 9.78 
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(ü)Thc bejim ¡* in the water half ibe hmc and in ihc pts Ihc other half of Ihc lime. 

V - íli. - ti lOm-i.i 2M3 .00 m 10* m*y - 4« n 
The total time u 4*09 m I <9J8 n 0 : - ni 

EVALUATE: The gai mu*i be uncto considerable prewurc to bave a refraenve inda as high ai 1.12. 
.13.54. lot-vurv: Xohght cnlcr* the ivatcrbccautc (otal micmal rcflection muit have oceunedat tlrcglasvwaicr *urfacc. 
Skf L t p: A htik geometry tcll* u* ihat Oh Ibc angle of incidente al ihc utevwalcr face in the water Alio, 0- 
59.2 6 muMbe ihc crílieal angk al that Htrfacc, *o ihc angle of refraction i*90XT. SncllMaw. « sin t{ - « ( nn^. 

applic* al that ulat*-uatcr surfacc. and the inda of rerraction « dcfincd a*u ■ — . 

I \ m i 1 1 : Sndl'i law ai the gUu-waler «urfacc gi>ei n «n 59.2* - 1 1 .J33M I .O0) H wbich gi>ei « - 1,55. v - í. * 
(3.00* lo'msyi.SS- 1,93 x 10* ufe 

Kvai iate: Xoticc thai 0u «oí ihe angle of incidente al ihc relleclor. bul it ¡s ibc angle of incidctKc al the g la» 
waier «urface. 

33.55. (a)Iuimikv: Apply SncH'* law io Ibe refraction oftne ligbi a» it entera the ajm&tphcte, 
5KF LÍP: Ibc nath of a ra y from ibc «un i* iketched in Figure 33.55. 



From the diaejant smO ■ 




fe] 



Figure 33.55 

EXEtliTE: Apply SncU'i law m the refraciion thai oceut* al the top of the atmoiphcte: A.*in0. -í? t s¡n 
(j ■ vacuumof spacc* rcfraciivc. índex LO; fr- almoxpbcic, refractive índex ni 



ntf - n*ind L - ni — — — ! ■-■ Ú -¿rain. 



ti -O -fl -arcual 1 - mam 



ib»-*-- 6JS - Ilfn ' -o 

#*ft 6JH*10* m*20*10' m 



Í7 ^ A 



fl. -areim í- 85.47 a 



1 ff+A 



J ■ a? - fl; * g5.7*J* - H5.47» ~ 0.2 J B 

EVAUi'ATE: The calcula ted *> Uarx^utihcnniea&iheangulaxradiuiofthenirL 
33.5*. Idevufy and Skf Vti Follow the *icps ¿pecifted in the problem. 

FxiXi ie: (>> The duiancc imvelcdby ihc Itght ray h ihciumof the two diagonal 

rf«<x*+jí) l ' 1 +(y-x) 1 +jii) ui - Then the timetakcn lo iniwl thal dixlanc* \% t*—^ X * y> * 

c e 

(b) l i: ihc dehvaiive with remecí to* of the time and «etling it to /en> yv^ld» 



O.Thii gira 



EVAUi'ATE: For any other path beiwcen poinU ) and 2, Ihai inelude» a point on the rvfkclivc wrfatc, ibe 
dixiancc iravcled and theteforc the travel lime i& greater ihan for ihii paih. 
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33.57. lotvntt and Sur Vrz f ind thc diMancc that thc ray ttavch m cacb médium* The travcl time incachmcdium a 
thc di+dancc drvided by ihe t peed m ihat médium 

<■) E\«i n;: The ligbl mncii a dutance J** * t ! in Imvcbng Irom poim A Id (he micrfacc- Along thi* path 
the *pcedof thc light b v. u> Ibeltmcil lakes 10 iravd :hi^ ilwtjncc is t - * The light rravel*a 

düiancc Jfrr -</ - *y in Iraveling from thc ¡rtterface lo point B AUing lh¡* path (he speed of the tight is v¡. 
so (he time il lakcs lo travcl (htí di Manee ¡* r - — . The (ota! time (o go from A (o B i& 

% «i 

Multíplying boih t: Jes by c givcs C ■ i V i - * j 

From Fíg 33.55 ín Ihe texibook. «n « - ^ * ^ «id lin A - * ^ 

So n>n« -rijiioa, whicb b SnelF* km*. 

EVALUATE: SncH*s law U a result of a change in «peed wltcn H*Jht goc* from one material (o another* 

33.58. Ioímuv Apply Sncir* law lo cach refractioo. 

Sir Up: Rclcr lo ibe angle* vid di-irancc* dcfincd in the figure that accompanic* ibc ptobkuL 
Iaiu ji: (i) Fot light in air meideru i>n a par* lie) -faced piale. SnclTi Law y ¡cid** 
tttinOt mdémtí -»'*Íoft - n*ta(£ =>*inr? =>0. -¿^ 

(b) Addingmorc píate* ju*i add* extracten* in rbe middlc oí the above equation thai ahvay* cancel out. lite 
rcquiremeni of parallcl race* enture* ihat the angle if r - 0 m and the cham of cqualiorti can continúe. 

(c) Thc lateral ditplaccmcni of the beamcan be calcula ted uung gcomclry* 



(d> Ú* t -arc*in| ¡-s-j -Jjvainj — j gQ I ' 



EVaLí'ATE: The bieral dbplacemeni inpart (di iibrgc. of ibeiameorder a* (he ihickoeu of the píate. 
33.59. lot \nn: Apply SnelFi Law toeacbrerraction and apply the Lan of rvHeclioo lo each retlection. 

Sur UP: Tbe path* of ray* A and 8 are xketched io Figure 33.59. Leí Che Ihe angle of incidence thc 
combmed ray + 

ExKttYE: For ray .4 ib Una! directionof travcl uat an angle tfwrtib mpect to thc normaU by ibe lawof 
rellcciiort. Leí ihe final dinrcintnof travel for ray Abe alangtee^with rc*pecl lo ihe nonral. Al (he uppcr lurrace. 
Snell'x lau- give* n^mfl -ji.ñna . Ibe fower«urface rerlecLt ray Bal angle a . Ray 6 nriurni lo ihe upner 
Kurfacc of thc film al an angle of tnciócnce a . SnelTi law apptied lo Ihe rcrraction a* ray & leu ve* the film give* 
tesina * ^ nxi& - Combúting thc iwocquaiioni gíve* n, *inf -a «n<* and O - & ; Ihe rwo ray % are paral kel aAcr 
(he> + emeree fnwn thc lilm 
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EVALUATE: Ray£iibcnt loward (he ñor mal a* ¡t enterx thc film And away from thc normal a* it refracte oul of 
lite nim. 

A B 




Figure 

33.60. lofcvnrv: Apply Sncir* bw and Ibc reiulLt of Prablcm 33.SS. 

Skf Lp: From Figure 33*58 in Ibc lexibook* ft, «1Ü1 for red lighi and n; - 1.66 for violci. tn thc notationof 
Probtcia 33,5&,f ¡* Ibc Ihkkncttof thcgtau píate and ibc lateral diipbcemcnt a d. Wc wani ibc dilTcrcocc ¡&¿f for 

ibc two color* ofhght lo be LOmm. - 70.0 a . For red light. a sin0 -» suitf' gira — v " ' 

1.66 

Exiktte: (a) jj dccrca*c* with lncrea*ing^ * nou « snullcr Ibr red (huí for Mué. So bearn a ¡* Ibc red one. 

iinftf -ff) uníTO*- 35.71*) 

CblPtoplem33.5Ssay« rf-l— — '— For red lig.hL *í 0 69» and for vioklhght, 

co*¿£ coí35.7I 

*dí70*- 35.48*1 mmmtm OjQctn 

-f -O.fíMSf . ¿ - d t i) ( Ommsi\« r» =9.1 cm . 

coi 35.48* 0.7048 - 0.6958 

EvaIAjAYE: Our cakubtíon ¿hown that ihc violci light ha* crcuicr taicnil ditptaccmcni and Ibi* \% ray 

33.61. iDEVtlFY: Apply Snelr* bw lo Ibc rwo rcfraclion* of Ihe ray. 
5KF l>: Rcfcr lo ibc figure thai accompunk* ibc problcm. 

I \j i ' N : (a) n m nnü^ ■ n t %\aO t gtve* rínc?, = a;iÍo— . Bul Ü r --ta ,n siri^— * <r j - *¡o — - — - ntm— 
Al cacb face of ibc prt*m ibcdcviaiioo ut^q 2o - <í and «n ^ -aam— . 

(b) I ■■■ri ¡-.i- . . >-2arc*mjitwnyj-¿ S = 2arc*¡D^L52)*io^- J - 60.0* = 38.9°. 

(c) Ifiwo color* luvciblYcrctii Índice» ofrcfraclion for (he gla». thcnlbcdcflcctionariglci for ibcmwill differ: 

^ = 2arcra^<L6l>wníyílj-60.0 , =47J* 

- 2an:an((L66)*niíí!lííl I- 



E VALI' ATE: The violei lighi has a greater refractiva Index and ihercforc ihc angk of devialion is grcaicr for thc 
violct üehi 

33.62. lotvnn : The rcfkctcd lighl h (oially polari/cd wben ligbl %iñkc* a «urfacc at Brc^xer^ anglc. 

Si r L p: At ibc plagie waJLBrcw4cr'ianirkobc>'i ibc cquaiion un - m: ^ i ■■ law 4 

n t nuíh - itA xin^- appJics al thc air-walcr lur lace. 

K\KtTt: To be lolally polarí/ed thc rcHcctcd «unlight muit have rtruck Ibc i*atl at Brcwtfcr'i jngk. tan - 
fli/fl* -(l<61Víim>ajid f(- 58.15* 

Tlui i* thcafljrtc of incidence al thc w»IL A líillc geometry tclb m that ibc angle of mcidcncc al thc nalcr surfacc 
1^90.00* - 58.15 o - 31^5°. Applyícg Sncll^Uwai thc waier «urfacc gí \k% 

II 00)sin3l 85 a - 1.333 tfandfl- 23.3* 

EVALi'ATE: Wc haw iwo different principie» involved here: Rcflcclion al Brcnitcr^ ancle al ihe ^~aJI and 
SnetY* bw at thc water 
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.13.63. lofcMiM and Sur Vwz Ihc polati/cr passci ¿ of thc intcnsity of ibc unnolah/cd componen*, indcpcndent of (*. 

Out of thc intcn*iiy S yi of thc polaríxcd componen! ihc polorizer passcs intcnsily / # cos*W~0)., «Itere $-0 i* Ihc 

jnuk bctwccn thc plañe of potarÍEiiion and Ihc ax« of Ihc polarrar* 

(a) Use ihc ¡ingle where thc transnuitcd xnicwily j_* máximum or mínimum to find ff. Sec 

Figure 33.63, 




Figure 3U3 

I \m i il : Thc tolal mIM «uctiuryis / -. r H * »oí « ^ -0) Thi* b máximum wben 0 andfromihc 
tabkofdaia ihüoccur* for ¿ helween JO' and 40". sayal 35* and 0^35* Alternalivcly. (he total transmiued 
intcnsily u mínimum when ¿ - 0 - 90° and from ihc dala thi* oceurs for 6 - 1 25°, Thus, 
0 - ¿ - 90* - 1 25 6 - 90* - 35* in agreemenl with ihc above. 
(b) iDDfüFV and Sew Un /^-J/^ros^-*) 

Use dala al lwo valúes of ^ todclcrtninc Ihc lwoconsiants /, and/,. Use data *hcrc Ihc l t term is large 

(0-30°) and where it b «malí (Í-W) lo nave ihc grealcsi sensitiviry to both /, and/^ 

Exxn te: ¿ - 30° giws 24.R Wfar 1 =-f/, + J r 0M*<30*-33*) 

248 Wm* - 0.500/,, * 0.9924/,. 

* = IJ0 6 l5Ívw5 2W. l ro J -i/ ti */ # co* i (liO*-35*) 

52 W/m a -0.500/. +0.0076/ p 

Subtractuig thc second equahoo frotn thc fu*i gives 19 6 W m 1 ■ 0.9K4*/, aod t p - 19.9 VMM 1 * And ihcn 

- 2(5.2 Wímf -0.0076(19.9 Wto*))- 10.1 W/m'. 
E Y ALÍATE: So* ihat *e nave ■' .' .n i ■■ ■■ ¡ . n ■ i r¡ :■■ ihat / - 44 » /„cos ; (£ ■ describes thai dala in ihc 
tabla. 

.13.64. Idevuh: TT»c numberof i***ivclcnglhs in a dislance £> of material is D .^*«hcrc ^ ii thc wavclcngth of ihc 
light in ihc material. 

Ser L T P: Tbe condition Ibr a qjuancr'Wavc piale t* — - — + — , where wc havcaisumed /; 'H ío ¿ ; >A. 

i, ^ 4 

'. j' * " I A. 
EXECLTE: (i) — — - — — »— and 0 



<b)U» — — U*"** ■ftMi.Mr^ 

4(it t -n>> 4(1.875-1.635) 

EvALt'ATE: Thc th»ckne« of ihc üuancr-wavc piale in pan (b) ¡s 614 nm, whicb is of thc same order 
uavckngth in vacuumof thc light. 
33.65. lD£vnrv: Follo^v thc sicp* specined in thc problern. 

Skf Vwz ca*(a - fl) -snuisin/í » emano* fí . tmu/ - /i i - sitia^cmfl - 
l'Anui; («) MultipIyiniE tq ( H b>* sin ^ and Eq42t b> f sintr yicldi: 



SuhtractingyicMs: Y "" P ' ^sin^(cos g sini?-cos/rsin g > 



(1): — *m/?~sinAiícosasm/7-coifttf*intt*in/? and (21: — *¡n<? - i*n <^ cos/í %ui « - cosaV wn/í un n 



The Naiurcand Propagatim ut' Li^.h! 33-19 



1b)Mult¡plyíng£q.(l)1iyiNM^ and fcej. (2) b> >ca% <r yieltb: 

(I):— cttofl - %u\&(co%cfC0*fl - cokav út\ac&% fl and t2) + — co*« - ux\<v(C0*/fco%(t - cü&av vin flco%a 
a a 

. xco%fl ~ yco%a m 
Suhtraciinu yickJv - -cnw*iMníreo*/J -*in/íc«*ffK 

(c) Squanng and iídittg ihe (cujíes of parís (a) and <b) yieldi: 

i ^ 1 1 ■ : ' ■ iiu/^ * (.veos y?*- rcottrl* -¿J*|»ino;co4/J -«n/ícoir/j' 

(d) Uxpandmg ihe lelt-hand side, »e tuve; 

x ) (%\ú 1 fii co* 1 fi) + y i {un 2 a+co* t a)-lxyi*ínaúnp * cosacos^) 

The rigbi*tnnd tide can be rewiiten: a'fiuiaco*yf ~«úi/fcour)* .. .ir. Therefore, 
- 2rvGM{& - fl} - a' Ot, x 1 + y 1 — 2xyeatJÍ - *j í *in , <¥, where£ ~a - fl. 

Ev ALIATE: <e)£"i;jr*+j^— 2jry»(jr-jO J -O^jt * y* whkii i* a smiighi diagonal Une 

J«í.:x 1 +/- j2xy=!L. wfcieh »an elltpw 

■ — :3* + y* «d J .whicb i* a circlc. ThU piticm repeat* foc ihe renuining pru*e dirTerence*. 

.13.66. iDfcVnrv: Apnly Sncir* lm lo cadi refraction* 

Si: i t'P: Rcfcr lo Ibc figure thai accompanie* ihc problcm* 

I \hui: > j- L ' ofthe tri4nule%. 0*-tr/.jDd¿? wffmt£m0¿, Tbcrelbrc* 

Ún(% i.'-ir.^ ■■m:." tmÚ ' .'. r = 

i lo The total angular efe lleciton of ihe ray ¡* Á-0*—&*+x — 20^ + ^¡ -^f = 20?-40 t A +x. 
(e| I ■". SnelKi Law*ünff* -itainA' ^ 0/ - arc*inl l«ntf ' 

A-2£^-4íi : * t 20. lraíf»| IfñffJ j -7 



(^ l - l >]-■~(^ l • 342, - | >j- 51 



(«>Forvii>1el: ff. 
A^ = 1 39.2» =» - 4QX 
Forrcd - arceo* j /¿<n' -l) 



EVALUATE: The ande* »c have eakulated agrec whh Ibe valué* given ¡n Figure 37.20d in (he lextbooL i* 

laryer Ibr red than for viólela *o red in (he rainbow ¡* highcr above Ihe hor¡/on. 
33.67. lotvnrv: Follow similar tfcps lo Challenge Problem 33.66. 
Si:f L p: Rcfcr lo Figure 33.20e in the textbook* 
Emxitk: The toul angular de fcetion of ihe ray i* 

A * & a ' - ^* + x - 2&* + x - 20? +&* - a* - 20* - 6r^W 2r. where wc ha^e u ved the fael from the pre^ iou» 
problem ihai all ihe intemal angle% are oqual and ihe twn exierml equaU are cqual Aho usng ibe SnetV» Law 

rcUiHin%hip. webave: A* -arevinj — %ia0*\. A = 20* -6ft J + 2x ~2Ú* -6arenní— mO* \*2x 



ra 



Forred A -«cecal - 1> Uamn* I Jlíl 330* -I) U 71.94* - 230.1* and 0_. - 50.1* 



EVALUATE: The ¡ingles we cjIcuUtcd aeree * iih ihmc givcn in Figure 20c in thc tcxibcok. The color ihat 
ippc*ir* higheT4büvc ihc honron A violcL Thc color* appcar in reverte arder in a «ccondary rambow compared (o 
i priman* rainbow* 
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34.4. 



lm mih ¿rol Sr.F Lr: Flancmirror; i«-f i 
and y and are a*kcd lo luid r' and y'. 
EXEti TE: The ohwci arol «mee ate *h»wn in Figure 34*1 



L4.H and ai ■ vV v = -j'/j» »1 (Eq*34 + 2). Wcarc given f 



I 1 1 



r* «-i ■ -39.2 an 
(/|-|»||r|-l+"X"5cm) 

[y^4.S5 era 



Itere 34 1 



Thc image ti 39.2 cm ta thc right oí* thc mitnx and i* 4 h S5 era ull + 

EvaUj'atE: For a plañe rnirror Ihc image t* alwayx (be íjmr ditfancc bchmd ihc mirraras Ihc object vt in front 
nf ihc minar* The image afaav* ha* thc «ame hcichi a* ihc ónice*. 



.14.2. Idevfuy: Similar triarles ia\ 



Ur: <í - 0.350 m. *„„ ■ 00400 m and - 28 0 m * 0J5O n* 



C»04Um 



2S.0m + 0.350 



OJSOrn 

EVALt'ATE: The iiruge of Ihc Irec formed by Ihc rnirror i* 2S.0 m bchmd Ihc mitres and t% 3.24 m tall* 
lof.MiH: Appty thc lawof reflection, 

Sur Up: Jf up a thc M^dirccikm and hghi i* ihc t.v-direciiun. then thcobjcci ¡«al {-x p ,— f i\)and /V ¡* al 

ta.-*)- 

Exixlte: Mirror I flipi thc i* valúes, %othc ¡mage iiat (j^«v d )whichi% 
EVALUATE: Mirror2ii*cs f{ a* an objcci and form* an ¡rnagcat p. 
iDKVIirV: / - R>2 
Si:f Lip: Fot a concave mitro* Jl>0. 

/í 34 t 0 cm 
KxiXtit: (m) ( - — - =17.0 cm 

EVALIATE: (h) Thc image furmation by thc mmif b determined by thc law of rclIcciHm and iba* U unaffected 
by ihc médium in tthieh ihc hght tu travcling* Thc focal length rcmain* 17 0 era. 

iDEVnrv and Si:f Vtz U*c Eo,*í34*6) to calcúlate / and use Eq.(34.7) to calcúlate |\ Thc image b real if / i* 
po&itm? and in crecí if w Concave mean* # and/are ponlivc. fti*22*0cro;/ ■ AV2*+ll.0cm, 
Emiciie: (a) 

Thtcc principal ray** 
raimbcrcd ai in Seci, 34,2, 
are %hown in Figure 34,5. 
Thc principal ray di 
shou h i that thc image in 
real, invcrlcd, and 




34 1 



JW C/Jwpirr .U 



¿ / a sf M-f ló5cm-ll.Ücm 

/>0 m real ¡rnage, 33 .0 cm to Icll of mirror vértex 

■■■-^«-^""■-Z.fJO (KOmm mverted image) |_«.-*| = |ni||>| - 100(0,600 an>- 1.20 cm 

EVALUATE: The imagc is 33.0 cm to thcleft of ihc mirrorvcrlcx. Il kml. in verted, and i* L20cm tal! 
(cnlargcd). Thc calculation agrecs i*iih ibc image characlcrization from ihc principal ray diagram. A cuacave 
mirror u*cd alone alway* form*a real, m verted ¡rnage if .* >/and thc image U cnlargcd iíf<x m - 2f. 

34.6* lotvruY: Apply lr-L--L and . 

S M / S 

m i l'P; For a COMI mtrror. J? < 0 . Jf - -210 ern and / =— ~ -l 1.0 cm . 

EXIXtTE: (i) Thc pnncipal*ray diagram i* ¿Lcichcd in l'tgurc 34,6. 

I I I . si 4l6.Scin)(-jlXicni) ¿ -6.6 cm ftínA 

(b) —+—■ — . — ¿ — 2 L--6.6em. «- — «— = +4.400. 

j j 1 / s- / l6.San-Ml.Qcmi s 16,5 cm 

[v'|-|ai|v-(O.4OQt(O.6O0 cm) 0240 cm.The imagen 6.6 cm lo ihc righl ofthe narrar. It u 0 240 ern tall 

t <0 , «o ihc image " virtual, m ? 0, mi ihc image itexect. 
Eyallaie: Thc 




O. Frod «and calcúlale i 

§ S f S ' ' V 



DTE / * + l.75m. 
ExirtTE; sx> f &> s 1 * / m ( 

Bfi-i-- — 1,75 ™ — --3.14*10". |y^|oi|.r=(3.U*IO *'K6.79JxlO* m)=2.IJ*IO J m = 0*213 mm> 

EvaUíatE: Thc image i* real and ¡* 1-75 m in front of Ibc mirror. 

JU lotvnn : Apply su) m---, 

J i' / í 

Skf Up: Tbe mirtor mrlacc i* convex *o /? ¿-3.0Ü cm , * ■ 24>0 ern -3.00 ero - 2 LO cm . 

ExeílTE: / = -í=-l.50cro. i+-L«-L. / = s ^ j (21.0cm)( I 50 ero) ^ ^ ^ ¿mage i* 

2 j / / j -/ 2 1 .0 cm - (- 1.50 ero) 

1 .40 cm behind ihe *urfacc «o ti i* 3.00 cm - 1 .40 ero - 1 .60 cm from me center of thc oraament* on the *amc iidc 
s* -1.40 



*,cct. — — = .0.0667. y 

a" 21.0 cm 



- Uv - (0.0667*3.80 mml ^ 0253 mro 



EVALi'ATE: The iroagc n virluaL upriu^hi aml nmal^r ihm thc object. 
34.9* lof-viu^: Thc ¿hcll behave* ai a spbcrical mirroc 

Sef L t p: Thc ei|uatiiin rcialmg ibc objcciand image di&lanccs lo thc focaJ Icngth of a qihcrkul minor i.i 

ii*— - — > and iu magniñcalKin ík givcn by m a —— . 

s ¿ f s 



Gcomcin: Opúct 34-3 



lili 
Kvicilt: - + -> -- 



j í / .* -IS,0cra -6.00 cm 



= - ^ v = -II .5 ani - 0,50 cm . The 
cm 3 3 



Irom ihc 



a 0 + 50 cm ull 



J 1 

l.\ 'ai.! ate: Sincc thc magmftcation i% le» than one. Ib: image i« imallcr iban thc obfect. 
34.10* lDE\n*v: Thc boltom *uHacc of me bowl bcluvct as a sfibcncal ccmvex mirror 

Sef Up: Tbc ct|uation rciaimg ib: objcciand una ve di&lanccs lo thc focal Icngth oía ¿phctical mirror b¡ 

■4hb». and iti nusniiiotHTtt i* mven by wj 

s j' / í 



r * — — 1 5 cm bchuidbuw 



S 3 

í 15 cm 



/ < 35 cm 90 cm 
0. 167 =5 > J - <0J67x2.0cnO- 0J3 cm ♦ Thc nuge i* 0.33 cm lalL ctect* ainl virtual 



Eyaj.!: ate: Sincc thc magnification i* le» than onc ihc image i* tmallcr ihan thc oh>c¿i 
34,! I. loEVirn: Wc are dcaling i*ilh a «nhcrkul mirror 

Su Up: Tbc cquation rdaimg ihc objccl and im;u?c distante* lo ihc focal lenuth oí a fliherieal mirror i* 



i*— =— .nnd ¡ts 

s f 



Í*U!VCn by m - - — 



s ¿ / r / s fa s-f x f-i 

(bi Thc graph b given m Figure 34. 1 la. 
le) r'>0fbM f,s<0. 

(di .v'<0íbr0<*</. 

[c)Thc imacr u at ncgairvc miuiity* "lichánd" ibc mirror, 

[O Al thc focal pooitt -/ 

(gi Thc image ¡x al thc mirror. í' =0 . 

íhi Thc graph n given in Figure 34. 1 Ib, 

li\ liíect and brger ifC < r </ 

til Invcrlcd \T s>f m 

(ki Thc image i* imallcr iÍA>2f or*<0, 

( II A* thc object is moved ckwerand clo*cr lo ihc focal point. thc magnificaiHHi 
E VALIATE: te thc ob»cct cronm me focal poínt. both thc 
th*contimiil>c*. 

m 



U> ii:tm:tc valúes 



SJM 

-voo 



II» 

- MKI 

.voo 

5.W 



UJW UW 2JU JX» 41X1 5X1) 

fe) 




- M» -JWI QOI UD 10U J.00 4X11 11» 

(W 

nm 34.ii 



34-4 ( hnpitr ¿4 



.14.12. [DtMitY: i- 



f-s 

JÍÚ. 
I'l 



SS.UP: W.,h/ H /|., 

EXECUTE: The graph* are gíven m Figure 34.12. 
(■) a >Ofor-|/'|<,f <0. 

(b)f ' < O Ibr * < - 1/| and * < Cí 

ií I If Ihc objccl i% al m finí ty. ib? imagc i% al thc outxvard g«ng focal point* 
(d) lííhc tfbjccl i* ncxt lo thc mxn\ir* thcn thc irragc n al*o al Ihc mimtr 
(r) Thc imacc i* crcct f irugnificatioci greatcr than ¿cn>) fot a > - 

(0 Thc ímagc i* invcrtcd (iragnificalioa lew than /ero) for a < - |/|* 

(S) Thc image ¡x larger (han thc ohjcet i magníficat™ greater Iban onel far -2|/| < a < ft 

(h)Thc muge W smallcr than Ihc ofcjcct (magníficat ion ksi llun onc) for i>0«nl J<-2[f|. 

EVALi'ATE: Tora real image \ t ■ thc inugc formed by a convex mirrur i* ataay* virtual and 

objccl. 




.Vttí HKi K«i I/Al 1W Xtt* J.W MM 




-J.00 JOO l<Ü fAOO 1 + W JCO 4 + 00 ÍM 

Figure 



MU. I 



I ] ] _ / 
X y / J I 

Sur fp: jji ■ *2.00 and a ■ 1.25 cm An 



musí be viriual 



i/i-/ 



For a cancave núrror. m can be larger Iban I ♦ÜÜ + l'or 

be concave í / > 0). 



EXEC1ITE: "i) a ■— — and ■" 

w-f x-f 

u ■ - I 'l and m b always les* than 1 .00. Thc mirror 
«|/| 

(b) J-=i-í¡í. f = J^-„ m = -i. & +2.00 aod /«-Z.OQj. / = ^" 2 QQv) - +2.0Or - +2,50 cm 
/ aí* J í+í x ' j-2.0to 

JÍ«2/*+5.00cm. 

(c| Thc principal raydogram is drawn ín Fiiturc 34.13* 



Geómetra Optict J4-S 



CvAl-tAlE: The principal -rav diauntm ugrec* wiih ihc dcscripiion from ihc tquaima^ 




l igare 



J4T4. lotvnrV: Apply it-Li— and m ^-í 

s I / | 



j' -4í,0 coi _ „ 

m — — =- - *4 + 0Ü 

.v 12.0 cm 



Sirl'P: F™ a concave mirrof. R>0> R - 310 cm and / - — - ] 6.0 < 

EXECUTE: <■) _+_a_. /fl_Z_«2 2 l--4S.0c 

s / f i-/ 110 caí- 16.0 cm 

(b) í" - -421 0 cm , *o thc imagc b JS.Ocm lo ihc ríght of thc mirror. t'<0io ihc image i* virtual* 

(c) Thc principal -ray dbgram i* ¿ketched in Figure 14.14. Thc rule» £or principal raya apply «nly lo rxini\ta1 rayv 
Principal ray 2. rhai traveh to thc narrar along a linc Üut paste* ihrough (he Ibcua. mata* a Urge anglc wiih thc 
optic jais and b nol dcicnbcd wcll by thc rwaxial approxúmtion Tncrclbrc* principal ray 2 b nol includcd in thc 
ilcdch. 

EyaiaaIE: A coacaxc mirror f otitis a virtual mu^c v»hcncvcr * < f . 




Figure 34.14 

MIS. Id&mify: Apply IqlM m wnh It > / |v | ¡xlhcapparctildcpth. 
Si:r i i* Thc irruigc and obicciarc *howri in Figure M 15. 



I iM 



"1 



- 1M<* 



Figure 34.15 

EXEC1ITE: i - — i-a -2 2 1 i -2.67 cm 

«„ L309 

Thc ¿ppurent deplh b 26? cm. 

EVALUATE: Whcn ibc light goc* rrom ice toairrilargcr lo 
virtual image i* chwcr lo thc surfacc Ihan thc ohjcci u. 



K ->t líbt »urfacc>**o 



irK ¡t b bctii away Irom ihc 



¿44 CJwpirr .U 



Mié. lo».\im: The surfacc ¡* flat so -» r and — *— -O. 

j / 

Su 11' Tbe livhi traveta from tltc luh lo thc «ye. w «, = 1.333 and n. - 1.00. Wbcti thc íish ís vvnvcd* 

< - 7*0 ern . Ihc fish » 20.0 cm - 7.0 cm- 13.0 cm above thc oiirror, so thc urage oí (N: fish rt 13.0 cm bclow Ibc 

:t::ii¿h and lí.t.0 cm t 13.0 cm - 33.0 coi bclow thc surfacc of thc water. Whco ihc jmage ¡s viewcd* s ■ 33.0 cm . 



t -^__j(7.0 ero) ■ -5.25 cm É Thc apfurcni depth i% 5.25 cm 

fl» a' ^ ~|— J* ■ "(t"^)' 350 ™' * ~ 24 " 8 Cm ^ "W»™ 1 ^P* iol *8 e *»í <hc f«*b m Ibc mirror íx 24.R cm 
EVALlATE: lo cach case ihc apjMJcni depth » Icis (han thc actual dcpthof «tal \% being viewcd. 
34.17. Id*m«Y: — r — - — — — . a » — . Light come* from Ihc fish lo thc nerson seye. 

Mih' tf--14.0cm. í« + l4.Üctn.fl, «1.333 (wtfer). n, *1.00<*nr). Figure WJ7 *lw*uW objcci *nd ibc 
temiciing Hiríacc, 

1.331 LOO 1.00-U33 . aam (I.333K-W.O cm) 
EXECITO M + — . / = -14.0 coi . ni--- --+1J3. 

14.0 cm * -14.0 cm < 1.00)114.0 cm) 

Thcluh** unageis 14.0 cm lo thc Icll qf (he bowl suríbee khi al thc ecoter ofthe bowi and ihc magnifuaiion h U3. 

<b>The focal potm bal thc image tacaiion i*ben ÍL*^L_Íí, ir # «1.00. it¿*1.333. X*+I4.0cm. 

1333 _ ^33 lÜQ y ■ *SÓ.O ero . í i* grcaicr Iban thc diamcicr of ibc bowL so thc surfacc facing thc sunlight 
t 14.0 coi 

d»ci not tocus ihcsunbghl to a poini imide me bowl. Thc local point is outitóc thc bn*i and (he re w nodancer toihc fish. 
EV ALIATE: lo part (b) thc rays refract wheo Ihey can Ihc bowl back ¡nto ihc Air «o thc inuge uc calculaicd ¡s nol 
thc final una ge. 




Figure 34.17 

34.18. iDDfnrK Anply , 

Milr: For ■ convex surfacc. if > 0 , ifi»3.00cm. n 4 -1.00, ^ - 160. 

^c™™ ^(^)*-(ti^)^ m -»-^ m - 

S.OO coi to thc rigbt of Ibc vértex. 

ib) x - 12.0 ero. 100 ^ 1.60 ^ 1.60 1.00 ^ ^ _ ^ ^ cn . Xhc tnuutc a 13.7 cm lo thc rinht of loe verle* 
12.0 coi s' 3.00 cm 

it\ t ■ XOOcro. 1*00 t lift^ L60 1.00 ^, ^ —5.33 cm . Thc (nuce h 5.33 cm lo Ihc left of ihc venex. 
2.00 cm t 3.00 cm 



EVA14TAT£: The inuge can be cither real |.v'>0)or v^uAl(.T"<OLdepei>dingooihcdittAnccof iheobjccl 
Irom loe refracting turfaec. 

34.19. Iolviim: Thc hcmiiphcrical glat*iurftcc Ibrmt ao image by refraetton The I oca t ion of ihU i mage dependa on 
thc curvaturc of ihc luxfacc and thc Índices of refraciHtoof thc fias* aod oíl 

Su UP: Ibc ¡mage and objeci duiance* are relaicd to thc índices of rcfruchixi and ihc radius of curvatura by Ihc 



Gcomclric Ofttict 34*7 



tL % %*JL 1.45 160 015 

Exmu: — t^ 5 - — + = ^.t- 0 395ctn 

<tt R s 1.20 m 0.03(10 m 

EVaIaatE: The prcscncc of ihc mi chattges thc tocaiion of thc image. 

Stf Uf: tf_*4 00cm. a^-l.OO. ^ -L60. * - 24.0 era. 

I 1.60 1.60-1.00 , , fl.0OXl4.Ncml „ _ 

24.0 cm v 4,00 cm (1.60H24.0 Lint 

|/|- -<OJS5iM.50mmi-0.57X mm. Thc ¡mage i* 14Kcm tothe right of rae vettex and i* 0.S7K tnm tall 

nr<0 . so thc image is inverted. 
EVALt'ATE: Thc image b real. 
34.21. iDDfimr: Appty Lq* i34 ! I) and (34 ,12). Calcúlale V and y\ Thc muge ú ctect ií m > 0. 
Skf 1."p: Ibc ubjcci and refracting snrface are *hown m Figure 34.21. 

t - ] I»'- ■ 



v - lito 



14J] 



EJCEOJTC: i**.*! 



s s R 
LOO 1.60 I 60-1.00 



24.0 cm / -4.00 cm 

Multiplyíng by 24.0 cm give* 1 .00 4 ¿11 ■ -3.60 

/i...* (1.60)(*24.0cm> 
|v|- |oi||y|- (0.217X1.50 moi) -0,326 mm 

E v.viiATt: Thc image i* virtual (/ <0) Mid ¡* H,35 cm 10 thc Icft of Ihc vettev. Thc image ti crect {m >0) and 

i* 0.326 mm lall. A b oegalive *¡ntc ihc ccnlcr of curvaiurc of thc surfacc a oa thc incoming i*dc. 
34.22. lotvnrv: Tbc hctnúphcrícal gla»iurfacc Ibrrm an image by refraction Thc location of ihU ¡mage dependa on 
thc eurvatute uf (he suri j^c and thc índice* of rcftaciton of thc cla&? and litfiijdr 

StF Up; Ihc image and objcci di-iiancc* are relatcd ti> thc índices ofrcftaciion and ihc radius of curvalurc by Ihc 
x s" R 

EXECUIE; .*^=>_!I^+ J^-JJSZ^^n -124. 

j 14.0 cm 9.00 cm 4.00cm 

l- \ u i Alt; The result n a rcasonablc rcfraciitc index for Uauitlv 

tocalculaief. Thcapply i-*-L--L and m — 



34.23. o*aiim: He ) 



Srr L T K if r --13-Oem . If ihclctu i*rcver*td. A. ■ +13.0 cm and R : -»od. 

EXECUIE: <i) — = (0.70)f— ! 1= 070 and /-lB.ócm. - Ib£Z¿-. 

/ ^ -I3.0cmj 13.0cm f f s sf 

f ^-¿L a < 2 - 5cm ^^ cni >,|07cm. J '— lg7ga -^™ 

x - / 22.5 cm - 1 86 cm j 22.5 cm 

y-mr -(-4.76X3.75 mm)--IXH mm . Thc image ¡s 107 cm to the righl of thc teniand b IT.K mm tal). The 

image u real and inverled. 

- — 



/ VI3.0cm n 

EVAUi'ATE: Rc\er%mit a Icns doei not change the focal kngth of Ihc 



¿4-8 < hjpirr.U 



34.24. loivurv: —+-—■— . The tignof f determine» íftfocihcr ihc lera ñ convergrou or divcnting. 

s s / 

Stí UP: v -160 cm . /■-llOnn. 

. (16.0cmH-l2.Dcm) , 

EJOCITO (a) f" - = = -4H.0cm. f <0má ihc Icík ndivcrcmu 

iti 16.0 cm t- (-12.0 cm) 



/ -110 cm 
(b) -*fl t 75Q 

j 16flcm 



r - |l> 750KK.50 roml- 6 3& mm . w > Oand thc iroacc « erccL 



(c) The phrcirul*ray diagram i\ tketched ¡o Figure 34,24, 

EVAUfATE: A caverging lena ihvjy* forro* an image that u viriuaL erect and reduced in *í/c 




I»*ure34JJ 

34.25. iDtvnrv: Tbc liquid tahave* likc a ten». *o the lenimakcr** cquation anpliex. 
Sur Vpz Ihc lerumaker** cquation i» — +— «fu— 1)1 — - — I . and ihc masmification of Ihe Iciu i» m 

ExiXulE: (m) I+-L«<«-l>í— W ■ +i»(I.M-l)í ! ! 

í j V / 24.0ctn % l-7.00cm -4.00cm 

=>**-71.2cm. tothe righl of thc ten*. 

.t 24.0 cm 

E VALIATE: Stnce thc magnifWation \% negative* ihc image i* inrerted. 

34.26. Id* muy; Apply torcíate / and t andihen uie 1*-L--L. 

y i s i f 

Ser UP: Sincc Ihc image ii ¡nvened. /<0and m<0. 

v -4.50 cm _ . _ i . . 

EXKtLTE: m-—m -1,406. m-— snti / -+1.406*. — +— = — ¡uve* 

y 3*20cm f $ i f 

i* — ! — ■ ! And i ■ 154 cid. (1,406X154 cm)-217 ero. Theobteel n 154 cm lo Ihe left of inc 

j 1.406* cm ^ 

Icnv The image ti 21 7 ero lo tbe right uf the Icn* and i* real 

Eyaji atf.: For a «ingle Icro an invened image i* ataay* real, 

34.27. Id£\iif\: Thc ihin \cm epjuai»on apphc* in thn caite. 

Up Tbc ihin*lcn* eouaiKin i* — t — t and the magmfcation i* m m -—- — 

s f f * y 

EXEC1ITC: w ^/^34.0ir CTj4¿5B _/ a _-12.0cro =>jj ^ K2cTnjThtf thm-lens equation giv^t 
8 00 rom .va 

i+_L = _L=* r-J.69 cm. 

a- a' / 

EVALUATE: Sincc thc focal length i* poaitive* Ihí* ix a convcrgini? Icnv Thc image duiance t% negati^ becaute 
ihe objcel \* insidc ihc focal noint of ibc lem. 

34.28. lo^vnn: Annly nt--— torcíate* and i'. Thenme —+-!--—. 

a- a / / 

mi Ir: Sincc roe image i% lo ihc righl of the knx» V >ü Vn-6(i0 m. 

txic i TE: (a) i'-R0.«a and i * / -o.OOmgivc* 8 1. 00* -6.00 m and a- 0.0741 m. * -5.93 ro. 



Gcomclnc Opuc* 34-9 



(fe) The i mago u in verted since boih ihc image and objccl are real > 0, * - (H 

(c) — - — + — = 4 ^ f =0.0732 m. and (he kni ¡* comcreinii- 

/ m y 0.0741m 5.93m ' ^ * 

Eyaj t atk: The object A clase ti> ihe \ct*s and the »mw i* much íarther from ihc len* Tb¡* i* Ivptcal for ilick 



34.29. loEvnrv: Apply —■(*-!)[ — 1 . 

SufLp: fot a duiani otyect thciirugcbal ihc focal point of ihe lera. Thcreíorc, / -1.87 ern . For the ¿nuble- 
canmlciu, R - */tand R 2 --R . where 



2/ 2(Ut7cmi 

t" v \i i a 1 1 : / > 0 and (he lera b converging. A ckiublc* convex Icoi w ataayi converginu 
34.30. Iut.\m\ mdStirUr: Apprv —■(■-1)1—-— 

ExutLYE: Wc have acomcrging lera if Ihc focal lettcih is positive uluch requrec 

(í) ff.aKJ^bolhpofllivcandff^Jíj. £0, ff, S 0 ídoubk conven and planoconvcx). 

(iü) ff t and R¡ both negativo and |/H>|ftJ(nrai.scux)- The Ihrcc leme* ¡n Figure 35.32a in the tcAlbook fall into 



Wc have a divergir^ kn\ if the focal Icneth n novative, which rccfuirci 

— — (íi — i)f — - — 1 <0 — — — 1<0, This canoecur inoncof threc i*ayi: 



(i) ft, and R¡ bolh pcmiivc and R > R¡ Imenbcra). (tí) A; and R¡ both negativo and |K-|>|#t|. {tu) R % S 0, R¡ 20 

{planoconcavc and doubk concave). The threc lomo* in Figure 34.32b in Ihc icxtbook fall inlo ibcsc caicgoocv 
Eyai.i. ate: The converging kn&cs in Figure 3432a are all ihickcr at rhc ecnter iban at ibc edge*. Tbc divcrcing 
kract m Figure 3432b are all thinixr at the cerner Ihan at Ihc edgev 

34.3 I. lofATif\ and Si.r L>: Tbc cquatiora — + — ■ — and m - - — apply lo both ibin Icraci and spherieal mirrorv 

s * f w 

l u c í te: <a) Hkc dcrivalion oflhc cquation* ra Exexcbe 34.11 n ictotbeal and one gctv 

* ¿ f * f E fi 3-f S /-.T 

ib) Again. onc ger* cxactly ibe lame euuaiHtm for a converging kns ralher Iban a concave minur becau^c tbc 
cquation^axc idcnlkraL The diHerence lie» in the inlccprctaiionof the rc^ullv For a Icn». the outgoing «klc U twt 
ibat on whicb Ihc object lic^unlikc for a nurtor So focan object mlhclcftikk of Ibc km. a penitive itnage 
dbiancc meam that ihc una ge i* on ihc right of the knv and a negabve image diMance mean» thal ihc ¡mage iton 
the leli side oflhc lera. 

(ct Aujin. t'at i vetvisc 34. IX Ihc change frum a convex mirror loa diverging lera change» noibin^ m the 

excrciftd. except for the inletprcuib'on of the location oflhc ímages. as cxplaincd in pan ibl above. 

EvalI'ATE: Concave mirron and con\crgmg leraci both have / > Q . Convex mirror* and ihvcnzing lomes botb 

have / <0. 

34.32. lo*\im: Apply i^-L = -Land 

s a' j yt x 

SfF Vfz i ^rnand a --ITOcm. 

I I I 1 1 I 

bUIITO — +— ■ — ^—m =>.v = 7.0 cm 

j i f x I2.0cm -17.0 on 

ffr 17 J * =t2.4^ y-— j ^ 00610 ^ 40.34 cm. >o the object b 0.34 cm lalU crect t sunc xide a* the 
s 72 m *2.4 

ímave. The principal -ray diairram is vLetchcd m I'ieuje 34.32. 



J4-lt i haptn M 



i ; v\u .ui; Whcn ibe objccl ¡« ¡nsidc ihc 



uval point. a íiinvcTcinu len* fonrn a virtual, eolanred 




Fíj;ur*J4JZ 

34J3. IDEVTIFY: Use Eq.(34.l6) lo calcúlate ihc objccl dblancc * ■ calculatcd from tiq.(34.l7) 
and oricnialu** ofihc ¡magc> 

Sirte: / - -48.0 cnu Virtual irrace 17.0 em Irom kn* ío V - -I7.0cm. 

III I I l x-/ 
Emxi u: - ^ — - — . 10 ------ — — 

W / ✓ / i ^ 

i*-/ -17.0 cm -(-4S.0 cm) 
_ / -17,0 ero 
j +2SJ cni 

B -¿4l4"»-- 

> n || 0.646 
Thc princ¡pal-ray diagram i* ikcichcd ¡n Figure 34,33. 

En auiaYE: Virtual iniagc* real c4ijcct (s > 0} **> image and object are un «ame side of Icits 
« :, 0w muiíc i* crecí wíth re%pivl t*> Ib: objccl. Thc hcight o Tibe objccl i* 12.4 mm. 



tfl.646 
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34.34. lotvnrv: Appíy — - — 

* / 



Si l Lp: Thc sen 



termino «helber ihc len* " convergí nt; oí 



i-lo.Ocm. V -+36Gcm . Lsc 



w - - — to find ihc *iw and orientación of Ihe ima^c 
j 



ExíXLTE: (a) A 



i-t-V 



[16.0 cmn 160 cm) 
L6.0cm > STO En 



- ILICRI 



Ib)»— í 



36.0 



-2.2J 



| i|i \1 :ÑtS(M)mnii- ISOmm m<0 



[c) Thc principal-my diagram t% ikctchcd in Figure 34,34, 
Cvai IA1E: The uruge u real u> ibc lera musí be cctfvctsinc. 



Dbka 




lijare 34J4 



34.35. lotvnrv: Apply 1*1 = 1 

s * f 



L'P: Tbc imagc i* \o be lormed on thc film. %o * - +20.4 etn . 

ExhttfE: 1*1 = 1:^1* ! ■ ! => x = 1020 cid = 102 m 

s x f i 20.4 on 20.0 cm 

EVALUATE: Thc object distance u much greater man/* *o ihc image U juii outtidc thc focal poüil of Ihc lenv 

34.36. [Ut.MItV Apply l*l = laod lft = — --— , 

s x' / y x 

Brttfe 3.90 ra. /-0OK5rn. 

EXECUIE: 1*1 = 1=* — ! — + 1 = ! =>í' = a.0869m / = -£-y = -2^5Íi750 mm --J9.0mm. *o 

.tí'/ 3,90 m / O.OSSm .t 3.90 

a iv) II not fit on thc 24«mm* 3b-mm film, 

EvajaatE: Thc iirugc >* ju%t ouuidc ihc focal point and t * / . To have r -36 mm . *o thal thc ¡niage wíll fil 

on thc film. ¿ - -^i-at — ^ * mHl. , 4j m jbc perdón would need to stand ahout 4.) m írom thc km 
y" -0.036 m 1 

34.37. lotvnrs; f"|- - - 

Srr UP: > / . *o * */ . 

Exilie: (a) Uuí *£=>LwU 2Smm = l.4xKT\ 
* s 11 200.000 mm 

m * i i / «i 105 mm - ~ 

(b) m — ai^itt- -53*10 . 

a a 11 2ÜÜ.Ü0G mm 



<c> hh^^H- 300mni -t^m 
EVALUATE: Thc m 

34J8. IDKN11PR 1 



200,000 mm 

EVALL'ATE: Thc magnitudc of ihc maguí Ikalmn ¡ncrca&c* when/ incrcasci 

M 

SKVÜFt 

EXECLTE: |rU£v*£r= — 5 °° ™ <7Q t 7 m) = 0.0372 m = 37.2 
' j x 9.50*10 m 

EVALUATE: A very long fiscal Icngth Icos i* needed to pbototirjph 4 <ti*tani object. 

34.39. Idímu^ jj»d StF Vtz Fiad thc laicral magníficat Ion ihai rcsutl* m ibis derired ¡mage *i/c. U« t:q.t_M I?) lo 
reble nf and / and Eq (34 ,16ito wtoic f and / id/. 

EXECLTE: (m)Wcoccd * , -íílILl^ = H.SxlO". A*c^^ 

160 m J 240 m 

Thco = -l=-|.5*IO J and / = (1.5x10* «600 m) = O.Q90 m -90 mm. 

A snaJIcr/ mean* a imallcr y and a «tiallcr m, io i*iib/~ B5 mm ihc objccfs ícnage ncaKy füh ihc piciurcarc 

íbIWcnccd M) -. 3< * xl0 ro ^,3^75^ |Q ^. Thca a>m pait U>. Z^JJSxiO 1 and 
9.6 ni x 

t t4tM>mn.i 75 ^ 10 1 - (* 1 5 m - ] 50 tim Thcrcfwc u« thc 135 mm Ico* 
EV ALÍATE: Whcn and ¡f*f % \* ~~f{yfxy Forme mobile hoene \<s 1% imalkr u> a brgcr/ii needed 

Note Ihai m U \xry unall: ihc ¡mage i* much imallcr ihan thc object. 

34.40. iDivim: Apnly ir-L = -L loeacb leoi. Tbc ¡niageof thc firit lem *ctvcs a* me objccl forthe sccond ta*. 

S X f 

SefLTP: Fwadwtanior^ect 

I AiTtTE: <i) .v ( =nz3s[ = = l2cm. 

<b) l - 4 0cro- I2cm = -Kcm 
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<c> i+-L=-L=> — ! — — ■ — ^ *J = 24 cnr lo thc rigl*. 
x m / -Sen jj -12 cm 

(d) ^ =ío^j = l2cnv a : = 8 0 era - 1 2 ern - -4 cm, i*-L--L=> — ! — +-7-" — ■ — => - 6 cm 

x m / — 4 ero jj -12 cm 

EVALUATE: In cach case Ihc ¡mageof thc firsl lera serves a* a virtual objeet f«r ihc sccond lcn* t and >sj <0. 

34.41. lot-MUY: The/-nurnbe* oí a lens i* thc rarioof it* local lengih lo its diarocler. To maíntain Ihe same exposurc, 
thcamount of licfrt pasving ihroucli ihc lem during theexposure must rcmain Ihe same. 
Stí Uf: Tbe/ numbcr UJ7D. 

Exkclte: (m) /-iwmbcr = — => /-number - ^ ^ ^ mn * ~> / number "/' 1 1 « {Thc /-nuraber ta an ¡nieger) 

D 16*36 mm 

■ ■ : id/*2.8 b f*»ur steps of 2 in intcnsity, so uoc needs I 16* thc cxpoiurc. Theexposure sbould be I 4X0 s - 

2.1x10 1 i-2.1 ms 

EVALUATE: Whcn opening thc Icn* trorn/ll tofilX Ihc arca inervases by a factor of I6*su 16 times as much 
light ta allmvcd in. Tbcrcforc ihc cxpoiurc nnv must be dccrcascd by a faclor of 1 1 lo to mainUin thc same 
exposure on ihc fitmor lighi receptor* of a digilal cantera 
.14.42. Id£\iih and Skt Un Thc squarc of Ihe aperturc diamelcr u proporlional to thc lengih of thc exposure time 
required* 



L M Sim V f 1 > 



30 A 23.1 m 

EVAlAATE: An incrcase in Ihe apenure diamcicr decrcases ihc exposure time. 
.14.43. iHNim ntSETUP: Appív -* — - — to calcular* f. 

0 jr / 

fcxECLIE: (a) A real mtage i* formed al thc tilm. so thc lena musí be eocivcx. 

Ib) iti- = -Lo-L-íl^Kid.s'-_£_ í wím/ = 4S0.0-0mm Foc r = 45cm = 450mra*'-56mm For 

X ¿ ¡ X* tf M-f 

ja^í'fi / =50 mm. Tbe range of dirianccA bctwcen thc lens attd film ta 50 mm to56mm + 

Eyaii.atk: Thc kns is eloser to thc tilni » hen pholouraphinc more distani objeets. 
34.44. lotvnn : Thc project** lens can be modelcd as a thm km 

Skf Up: Ihc ihin»lcn* cqualion ta —+—=—. and thc mamincation of Ihc lens ta 

J X f X 

Ext Clin: (1) — +_■— — ■ + => / = 147.5 mm. 10 use a/ - I43mmlcm 

/ x f ¡ 0.150 m 9.00 m J 

ib) * = |«|=60^ Area =LUmx2J6m* 

x 

EVAUTATE: Thc kn* imiit produce a real image to be >>ewcd on Ihe serven Since ihe nagnificalion comes ttut 
neeative. Ihc sJidcs to be vicwed musí be pbced upsnlc down in thc Hay 
.14.45. (a) ImimiFV: The purptweof thc correctta'e lens tale* lake an r^jea 25 cm fnmi thc e)Y and tbern a virtual 

image at Ihe ejv's near potnt l'ss Eq + (34J6) lo mi! ve for thc muge dis-tanec when ihe tibjeei dtaiance ta 25 cm. 

Sur Up: — = : " ; dioplen mean» / ■ - — ai ■ 43636 m {comcrging lcnx> 

/•36J6cm;* = 25 ciiuj'-í 

III 
Jakiu: — %o 

X M 1 ¡ 

fl . 4 _<25cmH36J6cm), ^ rtm| 

25 cro-3636 em 
Thc eyes near point ñ SÍK0 cm frorn thc c>e. 

<b) lo£vnry: Thc purposc of Ihe eecrcclivc Icos ta lo tikc an objcci al iníínity and Ibrma virtual ima^e of il at 
thccYc's far pMnt Use Eq434J6) lo mi] ve for thc image disiancc when iheobjeci is al mfinity. 

Milr — = -l JO diopien means f -_L m ^ -fl 7692 m (diverging lens) 

fm -76.92 cnu x a vx> x' » ? 

ExtrtlE: _ ♦ -!_--!_ and * = x savs -L- _L and x* = / - -76.9 cm Thces'c's Car puní is 76.9 cm trorn tbees'e 

x x* f J f 
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EvaliaIE: ta cach ca*e a virtual iiragci* formcd by ibc Icoi. Thc cye vicwalhia virtual irruge inttcadof ihe 
obpccL The obyect i* at a distance tvhcrc me cye carTl Iocun oo it t bul ibc virtual image i* al a ditlance wfecrc ibc 
cye can focu*. 

3Ué. iDDmPK 2l+íl=2í1^ 
ví' R 

Sr F LlP: ^ -I JO , n A m | .40 . j - 40.0 m, /« 2 60 cm . 

EXECLTE: ! + ' ^ ^ftjg aod e» 3 <|.71Qi:iii. 

40.0 cm 2.60 cm R 

E VALI' ATE: Thc comea prestente a conw «urfacc lo me object* *o R > 0 
34.4?. lof.xim : In cach case (he lena form» a virtual (mage al a dütaacc wherc me cye can fecuv Power in diopicri 
cquah \f f , whcrc/U in mclcrs. 

Si:f Up: In pan<ak * - 25 ernand in part {b)+ 

EuXLTE: (m)— -i — - — * ! r> powrr -—=+2.33 diopierv 

/ * v 0.25m -0,600 m / 

0)1^-4=^ rt ' ^po^4 s "'- 67 c?¡optc«. 
/ j j « -0.600 rn / 

Eyalí'ATE: A converging leru correcta (he ncar vn*on and a diverging lerw corred* Ihe lar vinion 

34.48. lotMirv: Whcn (heobjcci rcat thc focal poinL Af - " 5 Qctn ] n rart IbK apply i+ — ■ — lo calcúlale t fbr 

/ a- j' / 

r- -210 coi . 

Si: l l. p; CXtr calculanon at&umc* Ihe ncar poinl i* 25.0 cm from (he cye. 

._ . 25.0cm 25 0 cm 

rAI C HE: (a) Amrijíjf niau'mfscation *lí - . — =4.17. 

/ 600 em 

<b> I^-Lb-L»— 4 ! ■ ! t> x - 4.R4 cm 

i j' / s -25.0 cm 6.00 cm 

y y 25.0 ero 25.0 ero 

E yamatE: Jnixm ibi 0 , 0- — and Sí ■ -5.17 Mi* crcaterwheti thc imatic 

■ 25.0 cm x 4¿E4cm 

i* at the ncar pomt ihan uhen me una ge i* al inrinily. 

34.49. iDtvnn: L"scEq*<34 16>aod{34J7|(ocalculatc / and /. 

i*)SirrUr / -H.00eni;a'--25.0cm:r«? 
I I I 

7 7 7 7"/ ? W~ 

¿f (-25.0 cmH>8 00 cm) 

rAKCLIE: t ■ — — — ■ ■ fó.06 cm 

*'-/ -25.0 cm- 8.00 cm 



B>) w-£— ~ 2M "* —H.I2S 
j 6 06 ero 

*o | - | I" 1 )) 1 ) - H- 125)(I.O0 rom) = 4.12 mm 
EVaLí'ATE: The lcn*alkw% thc objeet lo be rouch clo*cr lo me cye than ihe near poinl Tlx lente alknvs the ere 



r y 



. 1 


thc D 


y 










■ 



(he anuular xi/e ol*me ima^e euuali the anuular m/c oí* thc 



abjecl. 

m i Ir Tbe objecl hai angular %úre r? = y.with tfinraihaiu 



/ 0 0.025 rad 

EvaíAj'ATE: If (he inaecl ú at thc rvarpoint ofa normal evv. ¡e« angular m/c b V50 ~ 0<XIS0 rad 

34.51. lotARM: llie Uiuvlcm equaUm apphes to the magntfytng lens. 
V?i Thc ihin lera cpuaiion i* —+—■—- 
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ExiXiTE: Thc límvc i* tvhiml thc Icn*. *o .v'<ü. The thin'fcmcquationgiYC* 



— =— = — ^ j -417 era, <m thc samciÑlc of thc Icro as Ibc ¡mt» 

s s f i 500 cm -25,0 cm 

EvaIAjATE: Sincc i ■ v 0 , thc imjge will be crecí 
.14,52, lotviuv Apply 1:^(34 24X 

Skf I t p: ,v¡ = 160mm + 5Al mm - 165 mm 

EXISTE: W flf _ , 1230— — > _ M , 

.í <5,ÜÜ ramH26.0 ram) 

. . . OJOmm OlÜmm _., 

(b) Thc mínimum ¡cfurauon is — — — ■ — — — = 3,15*10 mm 

EVALUATE: Thc «maular m*c of thc ¿mage vicwcd by thc eye unen lookinc thtough ihc micro*ci^ic b 317 lime* 
tarucr than ¡f thc object i* vicwcd al ihc ncar-porai of Ibc unaicfed cve, 
34,53, (aflmMirv aitd Sn Vr: 




Fijare 3443 

Vinal image b al x< *o Ibc object for thc cycpéccc t% at its focal point, Dul thc object fr* ibc cycpiccc i* Ibc 
of Ibc objcctiveio rae (muge foimcd by thc objecuve a 19.7 cm - LSQcrn ™ 17.9 coi to thc cight of ibc Icm. 
Apply llq.i'34.16) lo rae image focmaiton by Ibc object i ve, lolvc for thc object dittancc.v. 
/ - 0 K00 cnu**» 17.9 ctcí»? 

I J__J_ I . I _ 1 _ s-f 

x'f (17.9cmK»0*800cm) „ 

ExiXUTE: í=— i— =- 1- 1-8,37 mra 

j - / I7,9cra-Ü800cm 

R»)SETUP: U*cEcj,í34,l7) t 

t* I7.9cni - 

ExiiCDE: - -2 L4 

í O.R37 cm 

Thc tincar magnificalion o! thc ttbjcclive it 2L4, 

(cKSctLp: i ■! ; ; . UmmMj 

25 cm 25 cm 

EXECfcTE: M¡ = = =13,9 

/i LKOctn 

II = m^Wj = <-2l4Hl3,9> = -297 

l.\ Al t ATE: .W b nol accuralcly givcn by <25 cm)s*J f t /^ = 31 1* because Ibc object b ool quite 4t thc focal point 
of meobjcctivc t\ = Oí37 anaod/ =0,800 an> 



34,54. iDfcMlFV: Eq,<34,241 can be *T¡ltcn l# = |w.|A/ 
SrrlJp: ,< = / ( H20mm 

ExiICiiTE: / = 16mm:/ = 120mm>16mra=l36ram;A-16mra. « l36miP = H5, 

1 1 ^ 16 mm 

/ = 4 mm : t' = 1 20 mra + 4 mm ■ 1 24 mra; w ■ 4 ram ^> kr t I ■ — = ~ =31, 

1 1 s A mra 

Hr 1 22 mm 
- — = 64, 
s 1 .9 mra 

Thc cycptccc nugnifict by cithcr 5 or Le «>: 

(a) Tbc maviraum magnilicjtion oceurs torme 1.9-mm objectiw and lOxcyepiccc: 
« i [-,|M.=(64KI0) i 64a 

(l>) The nummum mairaiflcation occim lor me 16-mra objeclive atx) 5x cvcp*ccc; 
,W-^ l |H,, í 8,5K5) = 43 f 

EVALUATE: Thc Ntmtlet thc focal Icnglh of thc objcciix-e* thc gtcater Ibc ovcrall imgmficalion. 
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34.55. lofMiM : /-number - ftD 
SkfUp: D-I.Ú2 m 

EyaUíaTE: Camera lentes can abo have an/-numbcr of 19.0. Fe* a camera Icns. bolh thc focal length and Icn* 
durtirter are much *mallcr. bul thc /-number b a mea mee of their ralk>> 

34.5*. lotviwY: Foca ickicopc, M —A. 

/i 

Skf Up: /, ■ 9.0 cm . Thc cbitancc beiwccn Ihc iw« Icn&cf cqtiab ft+Ji- 

EVALUATE: For a Idciconc* f t ^fj. 

34.57. (a) iDCXTTFY and BKT UPi Uw Bq^34J4V with S>95-0cm (ob)cct¡vc) and /.-I5.0cm (eyepiece,, 

ExEttiYE: A— "3 

£ I5.0cm 

(b) locvnFY andSEf l>: Uxe Eq.(34. 17) lo calcúlale y'. 

SirLip: .v-3,00*IO*m 

s m f% " : " cm (lince * b wry Lirce. Va M 

EXECUTE: 0950,0 ^-3.167*10- 

x 3.00*10 m 

|r|-|ut||>|-(3.l67xl0 4 KMOni)-O.OI90m-l.90cin 

(c) lof.vriF\: l.'sc I-xi.t34.2L i and ihc angular magnificaron A/ obtained in parí (a) to calcúlate if. Thc angular 
suk Ü of ihc imagc Ibrmcd by thc objective (objccl for thc cycnicccl ú ii* hcight di* ided by it* dblancc from thc 
ob)ecItve. 

EXECLTE: Thc angular u¿cof thcotyccl for ihc eyemece b — - 0.0200 rad. 

0.95O m 

(Note ibaithii u abo ihc angular *¿w of thc oNcci for ihc objcclivc; tf- — WOm — -0.0200 rad. Forathinkn* 

3.00x10 m 

theobjcel and imauc nave ihc %imc angular xi^c and thc imagc of ihc objcciivc « thc object for Ihc cycpiecc) 
i/* — <%34^l)iothcangular»/cofrhcimageb 1/ - M0 - -<ó.33XO0200 rad) - -0 12? (i id i Thc mími* 
sign show* ihat thc final ¡rnage i* invcrlcd) 

EVALUATE: Thc lateral magnificaron of thc objeclive n ¿molí; ihc imagc ¡t íormi b much tmalkr ihan thc 
objecl. Bul thc total angular magníficat ion j* largcr than 1 .00, ihc angular toe of thc final imagc vtoved by thc eye 
ii6.33 time* largcr than ihc angular wc of thc original object, ai vicwed by thc unanlcd cve. 

34.58. J di \ 1 1\ \ : The anglc subtended hy Satum with ihc nakcd eye i* ihc lame ai ihc anglc laibtcnácd by thc imagc of 

Satum formed by inc objcclivc kn¡¿ (ice Fig. 34 53 m Ihc lextbook). 

diamctcrofSaiurn y 

Stf Up: Ihcanglc xubtcncicdby Satum ix 0- , 

d»tancc lo Salum f t 

y I 7 mm 00017 m c 

EXECim Puiung in ihc numben vne% ¿7«— ■ -9.4» 10 rad-0.0054 9 

/, IHm lKm 

EVALiATE: Tbcartglc subtended byihe final imagc. fomvdbx- ihc eyepieec. w«uiJ be much largcr than O.C054^. 

34.59. iDtvnn: fmRflmd A/>-A. 

A 

SEFUp: Forob>cct andirnagcbomal infinily. f t +f¡ cquali ihc diitancc i/bcttvccn thc t*o mirrora. 

/ ; s|.10cm. j I íOm. 

EUm i U W / 0-*S0 m ^ rf ■ 0.661 m. 

rt 1 «1 f MSOm __ . 

41» LW U^i- -59.L 

1 1 /, 0O11 m 



EVALt aie: For a Irieicope. f f. 
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34.60. lof-Viiti : Thi* primary mirror fomut an imacc nhich Ihcn actt a* Ihc object for thc sccoodary mitrar 
Sur l."p: Ihc ctjuation rclaling ihcobjccl and imacc di&lancc* ta thc focal kngth «f a gphcncal mirror i* 
1 I I 

7-7=7* 

FuXUTE: Fe* Ibe flr*l image (formed by ibc pnmary mirror): 

Lili 



-2.5 



í - 



n n 



34 AL 



3-1.62. 



3U3. 



I'or Ihc *ceond (muge ílbrmcd by thc *cc*mjdary mirror i. thc dixiancc bctwecn thc two ven ice* i% x. Axsummg ihat 
thc imacc formed by thc primary nurrot h to thc nght of thc ¿ccondary mirra, Ibc objccl dnrance bt-í - 2.5 m 
Í9¡ x -x * 015 m Thcrcforc wc have 

III I J I 



s t f x - 2.3 m * ■ i I ¡ . .i —1.3 m 

Thc pcAÍtivc root oflhc quadral>c equation givci i ■ L7 m. which i¿ thc diitancc belween ihc vértices 
EVALi Al E: Somc light i* blocked by thc iccondary mirror.. but usually nol cnough lo makc much dilTcrcncc 

Idevitm and Siif Vtz Fot a plañe mirra j 1 - —i. v — ^ and ^— íq 



EXEt i tu: Thc vclocilic* oflhc object and image re tal tve to thc mirror are cqual ¡n 
dircction. Thut bolh you and your image are receding from ibc mirror surláce at 2 40 nw In 
Vour image is ihcrclbrc moving at 4.SÚ m. v rclalivc to you. 

EVALt'AIE: Thc rewult deriven from thc fací ihat f«r a plañe mirror ihc una ge i* ibc *amc di&tancc behind thc 
núrror a* ibc objccl ¡& io fronl of thc mirra, 
lotviuv Appty thc lawof reflection. 

Si:f UP: Ibc ¡mage of onc mirror can icrvt as thc object for thc oibcr mirror. 
EXEtLTE: (a) Thc fe are rhrec imagen formed, ai *hown in Figure 34.62a. 
(b) Thc paita of ray* íor cuch image are ikctchcd id Figure 34.62b. 
EvaLíaTE: Our resulte aeree wilh Figure 34.9 in thc lc*lboofc. 



0 




liznrc 34.62 



lo* yiiíy; Apply thc lawof reflection for rayi from Ihc fcel to thc eye* and from ibc lop oflhc head lo Ihc cyc*. 
Si:r l'P: ln Fuñare 34,63» ray 1 travclx from thc lect of thc woman lo her eyc* and ra y 2 travcüc from thc top of 
her head lo hereye*, The loial hcight of ine w ornan b *V 

EXCCtTE: Thc two angle» labelcd 0 Í are coual bccauwof thc law of reflecboa a* are Ihc lwo anglc* labeted 
0 t . Sincc thc*c anglei are equaL Ihc rwo dnrtaacea bbcled y t are cqual and thc two drdancci labcled r 3 are equal 
Thc hcighl of thc woman i* - 2\\ + 2». . Ax thc dran h ing thow^ Ihc hcigbl oflhc mirra \% A b - y t + y t _ 
C omparinc. wc find ibat h -A .2. The rrammum beighl required ú balfthe bcighl of thcwoman* 



E VALIATE: Thchcighlof thc 
ihc hcight of ihc mirror* 



« thc sunca* thc hcighi of ihc «ornan, so 



Tl-I v*1 l*f h) 



Byci 



1 1\» 



34.64. lotvnn: Anply i*-L =— and «b-L 




líente 34A3 



Si l 11*: Sincc Ibc ¡rnagc iiprojcctcd onlo ibc wall ii ít real and .v'> 0, m — *o*u i* negative and 
« = -2,25 . Thc object mírroc and wall are «kcicbcd m Figure 34.64. Thc ikelch ibow-*ihal -400 
EXECLYE: m*-22$ = -— snd /«Ufe. V-< = 2.25*-* -400 ern and i- 320 ern 



/ - 400 ern r 320 ern - 720 cm . Thc 



1)21 I y 

ivutate?.2DmfromthcwalL — » — - — * * ■ — 

x í R 320 on 720 cm Si 



R - 4.43 m 

Evaj.iaTE: Thc focalkngthof themirtori* / = ff/2- 222 cm. 



if ihc image is te» be real 



v. 



Ffcnre 34A4 

34.65. iDKSTirv: Wc are given thc image di Manee, ihe image hcight* and Ihc object hcight 
thcobycci di&iancc i. Then use l:q.|34.4) toeakubte # 

4 a) Su l>: Image ¡& lo be Ibrmcd on «creen so ti real ¡rnage; v' > Oh Mirror u> 



U*cr^{34,7) lo calcúlale 
diitancc iiK.OO m,*o 



i* ^ +8DQ 



m s — — < 0 sincc both x and i are positi vc- 
■ 



34-11 Ch*ptrr34 



ExECliTE: M s ^ a 36001 =M.Omá Theo «--Igíves y ^-—=- S0Qcro ^ 4t3J atv 

r 1 |r| 0,600 cm * m -600 

rt 1 l 2 2 

^a+a J \ SOOcm+lUan / 
EyaUtaTE: JF is calculated u> be pcuitive. whwh ia correct for a cancave mirror Alao, io part (a) a ti calculated 
tu be poMiivc. * II ahould be for a real object. 

34.66. Ioímim: Anply — tli — Iq alrahfc /and then u*e « ■ = —lo fiad the beight o** the imgc. 

s a / í ^ 

mi l ► . ' ■ .T-vrt menor. A <0*so Jfa-l&Ocm and / - ^ - -9.0O crn. 

Enoiltt W I + I-I. ^-¿-■P»-»t- MD ^-Mf . — ■¿-■""■Uhlf 
* ¿ f a—/ 1 300 cm - (-9,00 cm) * 1300 cm 

1 1 1 i i 6 + 8E ■ li i ul > m> = 0.0i03ro-1.03 cm. 

i lo The hcight oí the muge « miKh lo* (han the hcighi of ihe car. ao the carappcara cube farther av>ay Iban its 
actual diiUnce* 

EVALUATE: The iiragc formed by a convex mirror i% alwayi virtual and tmallcr Ihan the objecl. 

34.6?. Id*mu\; Apply -* — and nr« . 

a a Jí a 

SETUF: ff-*19.4cm. 

I \m . t : (a) — 4 — j — >— r- ^ *' = -46 cm.. *o the unacc ia virtual, 

a / « KXIcm a I9.4cm 

<h) iw = -í-=—líí^5X *0the muge n crecí, and ita beight ia y* = (5J)> a (SJÍ)I5*0 mrn) - 29 mor 

EVALUATE: (c) When ihe fibmeni ia K cm (rom Ihe mirror, the irnage n virtual and canrtot he projcclcd orno a walL 

34.6S. iDDfnPK Combine ! + -L^— and at=-— . 

a ¿ R s 

SETUF: m>+2_50. tf>0. 

E\K(i TE: m = -— =+2J4h y«-2_5ür. i* — ! — = i -i. and a- OJOÜff . 

a- a -2.50v « a 

a 1 ■ -2.50a ■ (-2.50*0.300*) ■ -0.75M. The objeci h a disianee of O30Ü* in frcoil of the mirror and the 
ia a (batanee of 0.75ÜA beoind the mirror. 

EVALUATE: For a aingle mirror an erect iiruge ia atwaya virtual 
34.69. lof vnn and Su l>: Appty £q* (34 6} aod<M7), For a virtual object a<0. Theimage iareal if a r >0* 
ExtCC TE: (i) Convex implica ft< f£ íí - -24.0 cim/- J(f2«-12.0 cm 

J^a'"/'* 1 f'f s" tf 
f _ sf _ <-12Jcrn> 
a-/ a^12.0cm 

, . „ (i2.0cm)|*| 

a n negalive^ ao wnfe aa a - - uh.v ■ * ■ ■ > Tnua v > 0 (real imauci toi 1*1 12.0 cm. Since .v n na 

' 12 0 coi- 1*| 1 

this mcam -12.0 cm < ^ <D. A real imagc i% formed if ihe virtual oh^eci p cIoct lo the ñama than the &>cua. 

<b) m — — — ; real inuge impliei t* >0i virtual objecl implica s<0. lhu% m >0 and me una ge ia ered 

a 



Gwmctnc Opnr* 



(c) Thc printipal*ray diaaram i* iíjvcn m Figure 34 



\ 







- 










MltUI 

1 



F¡ture34A9 

E VALÍATE: For a real otyect. tinly vmujl imagex are futmed hy a convex mirror The virtual objccl conxidcrcd 
in ihi* problcm niuxl have been produced by sonx other opml cIcmcnL by another Icnx or tmrror in addition tt> 
ihc convex onc wc coraidered* 

tt n 0 — n 



34.70. lot.\nn: Apply — tÍLí— — iL.with > * «¡rce thc Kurláccs 



Su t'p: Ihc irnage foimcd by thc lint inicrfacc *crvcx ax ibc object for the sccond mteriacc. 
EXiXtlE: l'or (he water henderte mtcrlacc lo uet thc apcurcni water dcpih: 



Fea ihc 



< y 650 cm f 



lo gct ihc total 



■ 0=>í'*-r31cm 



thc K>ttitin 



1.5:: 



EvAJiATt: Al thc waicr-bcnxcnc inicrfacc thc tighl refracto into material of grcaicr refractive índex and Ihe 
owrall cffccl i* ihat the apparent depth t* grcaicr than Ihe actual depth* 

34.71. iDEVnrV: The focal Ictmth n airen by — ■ (n - l)f — - — 



Sr.r l-'H: J?, - ?J 0 cmoi ±S t 0cm. -iR.Octnor £4.0 cm. The xignx are dctcimincd by thc loca t ion of Ihe 
of curvaturc fnr cach surfacc* 



EXlXLTE: —-(0 



! ! V » / s £4.44 cía ±13 J 

±4 t 00cm áX.OOcm f 



:m + Ibe poiMble lem shapes 



tketched ¡n Figure 34.71. 

¿x+nJcnxf^rtManif^AMan: ^ ^ -nJcnu/, = -l3Jcnu/. ^,-1 J3aa 
/ í «-4,44cm;/ í =-4 44cm + 

EVALUATE: /ta Ihc ame whether thc lighl irawU through Ihc fcn* ftom right lo Icft or lefl 10 right 10 íbr the 
paír* U .61 (4.5) and (7.8} the local lengths are the 





34.72. lo*\iuv Apply 1+-L*-L and Ihe conccpl of principal ravx 

j j é / 

StF UK i ■ 10.0 cm . If extended bactaardt the ray come* rrom a poinlon Ihe optic axis iS.Ocm rrom Ihe 

and the ray ix parallcl 10 me onitc ax» afler il pane* through thc Icnx 

K\i:c 1 "Tt: (1) The ray i* bent lowird the opia: axix by the kn* *o ibe lem i* convcrginLV 

(b) The ray ix parallct lo me bq\k axix afler il na*xc% thnaugh the lenx xo il come* frorn thc focal poinl; 

/» 18.0 ra. 



J4-2# i hjpn-f 34 



(c) The principal niy dagram h dnm-n in Figure 34 72. Tlkc diagram starn-i that ihc image ¡* 22<5cm (odie Icflof 
the km. 

III jf (IOOcmXlROcm> 

[d) give* t =— — ■ ■ -22.5 cm .The calculalcd image poutKm acrecí with the 

i x f x-f 10.0 em- IS.íu-m 

principal ta y diagram. 

EVALUATE: The image n virtud. A etinvenjíra; Icn* producen a virtual image tthen (he oftcei n incide ihc fiscal point 




Figure 34.72 

34.73. lD£Vn*\: Since thc rruck U movwg toward (he mirrtfr. iU inu ge wiU alxo be moving toward rae mirror 
Si.r fe: IbecquMíonrebiinglheobjecInd image dixiancc* to the focal taigth of a «pherval rtiirror « 

E\£(LTE: Since the müror Uconvex./- A72-<-L50mV2 -U75 ra Apptying ibccquation lor 

III /i 
menor gives -f— = 

S S f M-f 

f dx' dx'dt f* 
Uñnjr tbe cham rule fnnncituli» and thc fací thai v - rfv*/r. we bave »* - — - - v 

* di dx dr r>-/) 



v une* i 



20.2 m* 



/ 

Tin* i* lite vclocity of Ibe Iruck rclativc lo Ihc mirror %o thc tmek i* approachxng the mitrar jí 20.2 m * You are 
travetíng al 25 m *. *o Ihc rmck muit be traveling al 25 m * * 20.2 ra 1 » ~ 45 mt* rebine lr> the hightt ay. 
Ev alíate: Evcn ihough (he truck and car Are mm útg al coiuiani *peed, ihc image of (he truek i* nM movmg al 
ccin&iant specd bccau&c it* locaiion dependí on (he dUiancc from Ibe mitre* lo ibe Iruck. 

34.74. iDfcNTiFV: In Ihi* context* thc microicopc iu*t loofc*at an image or obiect. Apply — * — - Oto the image 

x> x 1 

Ibrmcd by refractara al the top surface of the «ccond piale. In thb calculation the objcei « thc botlom *u?lace of the 
*ccond piale, 

SETUP: Tbc thiekncw of (he tecond píate ¡* 2.50 mrtt *0.78 rain . and tro* i* .v The image i* 250 mm bclow 
(he (op mrface, k» .v' ■ -2.50 mm . 

150 mm +■ 0.7S0 mn 



r í' 



-2 .50 



Ev am ai»:: The obiect and image diitance* are nvavuted ftom Ihe fraoUurfacc of lbí iccond pbte.andlhc 
virtual . 



34.75. 1 1*» n i a\ and Sur l'f; ln parí <a)u*e — *■ — lo evalúale dt>di . Compare lo m . In parí <b) use 

M X f X 

— ^ — — — to línd Ihc locatkm of the ¿mace of caen face of the cube. 
x x ñ 

,111 . d{ \ \ \ \ I 1 ir* 

EXEtLTE: (a) — +— ano laking lUdenvauvc with respec! (o a we nave 0 — - — — 

and — - — m . Bol — - * , so itt - -*t*. Imane» are alwav* mv 



[b)í,ii™t 



- l20Wfcm 



t V A 200 000 cm x 150 000 cm 



í V IE 200 1 DO cm L 50.000 



<u) n * -£= > 120 000 - -O 600. mfm~m*w -f -0.600)* = -0J60. 

s 20Q000 1 J 

< m) Tne hvo lace* iwrpctiifccuUr lo Ibe axi< ühc frcfli mi rear lace*): squarc* wilh Icnglh 0600 mm. The 
four face* para) le) lo (he axis (the *¡dc laves» rectanglc* with sides of length 0.360 mm paralld lo thc axi* má 
0.600 mm perpendicular lo (he axis. 

EVaLL'ATE: Sincc thc lateral and longitudinal magníficat ton* have inlTcrent valúes thc 
34.76. iDtvnn : m' - dr'ufcand m = 



V 

Lip: U*e ¡L+íi^íiÜ- lo evalúale dVfd* 



EXECUTE: —+ -L- -Z—í- and taking ¡rx dcrivativc wnh respect lo 5 wc have 
a i R 



ds\s 



n - - 



EVALUATE: m' t*alwayf ncyalive. This mean* that imugcs are ahvay* mverted longitudinal! y. 
34.77. iLit.MihV Si i Vrz Ravs thaipau throuch ihcholc ate undcticcusl. AJI olba raya arcbtockcd. m- 



EXECLTE: (i) TKc ray diagram w drawn in Figure ."M>77. The ray *hcwn n thc only ray from thc topof ihe objcel 
ihat rcachc* (he film, so ihi& ray pas*c* through the lopof thc muec. An inverted imauc w Ibrmcd on the far *¡de 
cií ihc box, no maticr how far Ihb *idc ti from Ihc pmhok and no maitcr how far the ohjcct n from ihe pinholc> 

/ 200 cm 

(b> a - 1.5 ni. .t - 2Q0 ern . «■ — —0. 1 33 , v =fliy = (~fl.l33)ilX cm) - -2,4 cío. The inuw ■ 

a 150 cm 

2.4 cm lall. 

Evalúate: A defeci of thu camera is thal not much ligbi cncrey puvsc* through the malí hule cach sccond. so 



34.78. lotvnrs; Apply 



F%d re 34,77 



and *if - — to cach rcmictnm The «veraJl magnificalkm is m - m w. 



Si:f L t p: Fot the fím refraction. R - ro.0cm t n, = 1.00 and ■ L60. For ihc wund rclracl ¡on t /f --llOcm. 
tt. • 1.60 and a a = I W>. 

EXfCtTE: <a)Thc ¡mage Iroro ibe leñendacUai the oh)cct for ibe ríghl end of the rod. 
1 L60 0.60 



^.V^ a ■ ^ 

ja if 23 .Q cm / Ulan 



k -2ííJcm 



Somc*ccondob)ecidi*lancei* *>0an- 2R.3ctn ^1 IJcm ««-íi.-, — ^1 — -.-0769 
(e) The ob)ocl » real and inverted. 

(DÜ+^-^ZiLa. liiQ ^1. - 0 - 60 lijan, 
ij s\ R 11.7 cid «¡ -I2.0ctn 

(r) Thc Final image is viriuiL and inverted 



34-22 (hupirr.U 



ift .S0mm)(-L2L|¿=-I.S2 mro 

EvaI-Iati.: The firsi image i* lo Ibc left of thc tceond surface* *o rt *crvci * a rcalobjccl ftte thc «ccond xurfacc 
with ponitive objecl dblance, 

34.79. IDKN1W3 Apply Eip.(J4.l ]) and (34.12) lo thc reftaetion m thc tighl caler* Ibc rod anda* il leaves Ibc rod. The 
image forroedby thc fir*l *urface «crvcia* thc object for thc %ccond *urface. Thc toral magnifaution i* 
m XA -wi.m. where m t and m. ¿re Ibc magnificaiions Ibt cach *urfacc. 
Up: Ibc objecl and rt»d are sho^n ni Figure 34.79. 



iWc* 1»^ 



i SOi Wif 



2>0 

F»*u re 34.79 

(a) image fomicd by rclraction Jt fina Mitinee Ücft end of rod}: 

.60 ltt)-l IX* 



■ak. i li : 



23.0 cm a 6.00 tro 
1 60 1 1 23-10 13 



23.0 ero 230 cm 230 ern 
■ *2B .3 ero; uñase U 28 .3 ero lo rlght of fint vértex 



Trtts image serve* a* thc objecl for Ibc rclraction al thc «ccond turfjec {right'hand end oí rod). Il i* 
28.3 ero -25.0 ero - 3 J etn to thc nght of rae tecond verter, fot ihc seccod surface .v ■ -3.3 etn (virtual object) 
(b> EVALUATE: Object n on *idc of outgoing hghL io i* a virtual objecl. 
(t)SETUP: Image formed r^ rerraelion ¿t M?cond «irfacc (ríghlcndof rod); 
t ■ -3J ero: * # ■ 1.6% * A = l.Ofc A = -12.0 cm 

160 1.00 1.00-1.60 



EXIXLIE: 

-3,3 ero y -110 ern 
í ' ■ f 1 .9 cm; í ' > 0 so image i* 1 .9 ero lo ríghl of vértex al right-hand end of rod 
(d) ./.'Omi (mal ¡mage ii real. 



n^x iI.OOK t-23.0 cmi 
MagnjIicalHro for sccond ¿urface: 
n s' (L60X+l*9 fin) 



- -0.9: 



ti t $ |1.00X-3.3cm> 

Thc ovcrall magnifteation n ■ m t iw> = <-0.769K»0.92) = -0.71 iw M <0 %o final image ¡x üi vened wiüi résped 
ti> ihc original object. 

it) r'^m^ =(-0.71X1 -50 un)» -1.06 mm 
Thc final imajzc ha* a heicht of 1 r 06 mm. 

EvaixaTE: The two rer^ing «infacci are not cloie togetherand tlq (34 lR>doe* nol apph 

34.80. loEVnrV: Anply i*-L=-L and «=—=-—. The typc of Icn* efaerminc* ihc %tgn of/. Tbcittnof 

s m / y s 

i* determine» wbether thc iniacc h real or virtual. 

Si r UP: .v-?KWcm. v" - -3 <*) cm ihtv^itivc becjuvelhe ima^e » i?ntlte sutv mlíc *>Mfv ¿* ih*: 
objcci. 

r t I . , (8.00 cmn>J.OO ero) 

t \l CUTE: (a) — and / = --4R0cm. / 1* (icgativc so ibc !en* i* 

/ s¿ s+J 8M cm -3.00 cm 



Gcvunctric (íptic* 3**2J 



i -3.0Q 
(b)m— -« - 
j 



tfl.375 . v (0J7SH6 50 mro) = 2.44 



f*<0 and thc 



E VALÍ' ATE: A convergid g lene can al so forro a virtual imogc. if ibcobicci düloncc ¡* les* than ibc focal lengih 
Bul in thot cas: |/| > v and (be image xvould be latthcr fmm (he lens than (he object u 



?4&i. Un 



\ ] ] V s' 

-+—■—. The type oflens extermines thc *¡gn of/ ■ — — . Tbciign of f dcpcndson 



tvhcthcr thc iiruge is real or virtual .\ ■ 16.0 cm . 

Si t O; *v' - -22 .0 v m : ¿' is ncgaiivc bccouic (he image non (he %amc *idc of Ihc lene os the object 

EX£CU«: W l.^ ml/ .-?L.' IM ^- ?Z ° m > 
f iY AtV Ivffi cm - 22.0 cm 



*-5S.7 cm . /"i* pecutive h> thc leni i&ccnvcrging. 



ib) jfr = -— *-~ 2L0cpi = L38. y-wv-(USX3,25nimU448mm. .C<0andthc 
a- I6.ttcm 



.1 VlítUjl. 



EVALUATE: A convcrguig lene forros a virtual image when ibc objcci ¡* clcacr lo thc \cn% ihan thc focal poml 

34.82. lotvnrv: Apply — t— ¿ — — — . Uie the image ditfancc when vtcwcd ftom Ihc ílat end lo determine (he 

s s R 

retrae ti ve índex n of rhc rod. 

Sur Vwi When viewing frorn the llai end* rt - n , n = 1 1)0 and R —> * When viciving from the curved end. 



«-if. n É - 1.00 and A - - 1 0 0 cm . 

EXECUTE: ü±-r^L = 0=> — - — * ! 

IS.Ocro -CiJOcrn 

US 



Í.50 



-I.5X. When viewcd fiom ihc curved end of ihc 



í i" Jí í ^ I 



I __ -0.58 
15 Ikm a* -lO.ücm 



h and -21.1 cm. Thel 



withm the rod from ihe curved end. 

EVALUATE: In each co*c ihc una ge ¡& virtual and on the &amc eide of roe lurfacc a» ihc object. 
34.83. («) Imimifv: Apply Sncir* law lolhe refractinn of arayat each sideof ihc beam lo ilnd xvhcrc these ray*itrikc 
the tabfc. 

Si r L'p: Ihepathof a ray k ikefched ia Figure 34.S3. 




Figure 34J3 

Thc wídihof the incidcnt beam i* cxaggcratcd in ihe sketch, to mofee it caiier lo draw. Smce ihc diameier of ihe 
heam i* much le« than ihc radiuiof the benuiphere* anejes íJ and 0 t are >ma)l. The diameietof the circle uf 

light fe*med on ihc lable U 2.t* Note ihc lwo rlght triangle% contalning the angiee O and . 
r -0-190 cm is thc radium ofibe incideni beam. 
ñ ■ 12.0 ero u (he radius of ihe wlati. hemisphese. 

CxxttTE: 0 t and i\ unall imply x*x*\ un O u - — t %\n ft & — * — 

R R R 



U»ns ihc above expresión* for einf? and *in 



The diametcT of the cuele oci the rahle i* 2(0.1267 ctnl- 0.253 cm 

(b) EVALUATE: P dividen C4jt c^ me expntvtion: me resull for A 
nf the hemisnhere. Ii depends unlv on the diameietof ihc incideni hcaro and thc índex of refractum of the flavc. 



34-24 (hApirr.U 



34.84. lotvim and Sur L'f; Trcaiing. cachof thc goblci surfacc* at ¡tphcrical *urfacc&* wc tuve to país* from krt to 

rtgbu Ihrough four ínter facev Apply — — *■ — í- - * * ta caen mrfacc. The iitugc foroied by »oc lurfacc serves 

s s R 

thc objecl Ibr thc nexi *urface. 
KXKtt IE: <*) Fot thc empty goblet; 

# r A a? jJ 4.€Ücm 

1 .50 I —0 H 50 
r. = 0.60 cm - I2crn - * 11.4 cm ^> * + — - =>.^ - ~64.6cm. 

-ll.4cm v 3.40 ero 1 

í 4 - 64 6 ero * 6.80 cm ^ 71 .4 coi ^ ! + lM = 050 ^^-Qti^ 

71.4 coi -3.40 cm 

í = 9.3 1 coi * 0.60 cm - 9.9 1 cm 1,50 + -L - ~°' 5Q => s\ = -37.9 ero Thc final image ¡* 

9.91 coi ^ -4.00 cm 

37.9 cm -2(4.0 ern) ■ 29.9 cm to thc krt of ihc gobkt. 

<b) For thc winc-fillcd gobten 

ir. jl «-» 1 1.50 0.50 . 

— = =l2cm. 

j j ff o? j, 4.00cm 

* 2 » 0.60 cm- 12 coi - -11.4 cu 





13' 


-0.1 3 


-U.4cm 
L37 


j) 
.50 


3 40 coi 

0.13 


-7.9 cm 


"T = 


3 40 cm 


, 150 


1 




-10,5 ero 


-r 


-4.00 era 



s 4 = 0.60cm-IUcm--l0.5 cid ^ =>x, -3.73 ero. Thc final image i* 3 73 cm tu thc 

rigbi of Ihc goUel. 

EV ALIATE: If theobfccl for a mrfacc i* *wi thc outgamg tide ofthe light then ihcobjeel i* virtual and roe objecl 
ditiaocc is negative. 

34.85. iDDfnrK Thc image *™cdr>yrclrici^ 

t a R 

Ser te: ii^ -1.00. A^-US. R >0. For a di*ianf objecl, Mmm «id — vO. 

EXECITO <*> í»* and /-2.5cm; 115 1-^5 - 1.00 ^ ^ s o.64S cm « 6.4S rain . 

2.5 ero R 

tb> A-0.64Scmand i «25 era: 100 ^ j^3S _ 1.35 LOO OÍDO and - 2,70 cm - 27 0 mm . Thc 

25 cm i 0.64S i 



MCakuUtc íTor and JÍ=0.5Ocm: — - I 35-1.00 f . _ ( ^ _ |gj ^ (ormed m 

' < 0,50 on * 

front of thc retina. 

EVALUATE: The comea alone cannot achieve fbcu& of both cknc and düum objcclv 

34.86. lofcMUV Apply + — — and ar - — to cacb lurfacc. Thc mera 11 magníficat ion is m - ittjtr, . Tbc 

s * R n , i 

imaec forroed by thc Ursi <tutlace i* thc obfcel for thc *ccond lurfacc. 

m i \v For thc lint lurCtec. n - 1 00, it. -1.60 and R - 1 15.0 ero. For rociecond mrface. ir. - 1 60, 

i " . * ■ 

KxtXi ie: («> = o ! íi^-_í^^x , a-36.9croTrKobjccldblar^forthcfarend 

a y jV I2.0cro y I5.0em 

of thcnxlif 50.0cro-<-36.9em>-86.9cm. The final image ii4.3 ero lo me Ico o f thc vértex of thc 

ir n. ir -ii 1 ,60 1 , 

bcmupbcncBJ \unace. — *^r~ J ^> * — -0 a— 54^3cm 

^ .v í P 86.9 cm .v' 

(h) Thc ma^nilWatHHi i* thc product ofthe mxi magnif^cation^ 

m = -2*L = -_ = | ,9 2t - ^ | i0 0 r> m * nun^ 1 .92. 
■V (1MXI20) 

E\ ALÍ ATE: The final image i* virtual, crecí and largcr than thc objecl. 



{■cnmcuic Qpi» 3**2S 




34.87. iDKvnrv: Apply FqX34JI)toihc ¡magc formcd by re fraciton al (he Irom iurfrccof the *phcw. 

mi n . - ■ -j the índex of refraclion of (he gbxx The imaue fontution u *hown ¡o Figure 34*87. 

/=*2r. whererixrac 
radiux of ihe*phcre 

«t 4 a l ni ■ jv - V * * * f 

FÍ*ure34JI7 

ja' R 

1 a, -1.00 

w 2r r 

2r r 7 2r r 

F VALUATE: The requlred fcttaíijw índex of ihe glax* doc* not depend on Ihe radiux of (he sphere. 
IDKCTIFY: Apply — - — 7 - 1 ^ ' lo cach xurfacc. The iimge of (he fínt «urfacc ¡x ihe objeet Porche xecond 
*urface, The rclaüon bctwccn t\ and ij involvcx (he Icngth doí ihe nxl 

Siif I p: Fot (he Wat airtacc. - LOO. -L55 and R ■ to.QOcm . For the xecond xurface. n. -1.55. 
ií f -l.00and IT* -6.00 cm. 

Fxi c rit: We have ¡magex fomied Irom boih endx From ihe ftrsi surface: 



Jí 25.0 cm y n.OOcm 

* .t* d-30.0cm 65 .Ocia -600cm 



Tito ¡magc becomex (he ob»ect for ibe «eeond etid ft+£l-*~* - 



¿ - 30 0 cm - 20 3cm "> ií - 50.3 cm 

EVAUiATE: The final imaue ix real. The lint muge ¡x 20.3 cm (o (he rtghl of the *ccond «urftcc and serve* ai a 
real objeet. 

34.89. IO&VI1FY: The fmi lenx formx an ¡magc «aich Ihen acti ax (he objeet for (he sccond knx. 

Sir I v The ihin»lcnx couai»n íx — ♦ — - — and tbe mauoification ú m » . 

m s / S 

EXíICLIE: (i) For the fir*t lenx: i+-L«-L t> ! +— ■ ! =>x' - -3.75 em ♦ lo the kñ of the lene 

s s / 5 Mero / -I50em 

(vidual ¡magc)- 

ib) For the xecond leo», s - 12.0 em * 3.75 em - 15.75 em. 

— » — = — ^ » — - ^ x' = 315 em . or 332 cm from ib: ob|cci. 

sí/ I5.75em s I5.0em 

(c) The final image ¡x real 

id) m--—. -0.750. an--20JX ■ -IS.03)'' & -6.0Q cm inverted. 
j 

Ki ai ( ati; Ntfte ihxt the toul magn¡5catlon i* ihe product of (he individual imgniñealionx. 

34.90. lotvn*\ and Stí Uxe — s(ir-IW-L-— 1 lo calcúlale ihe focal lengih of(he lenxe*. Tbeimage Ibtmcd 

/ W 

III. sí 
by the fint lem seivex al the ohiect for the teeond lenx. m u - m/u>. — + — ■ — gi^ex - . 

' S A' / S-f 



— ! — | 

2R0 cm/ 

Lenxl: /-+35_Oon. x ,*45.0cm. ^ . <4S.0cmX350 cm} 
1 1 x - / 45.0cm-35.0cm 



s; 158 cm _ _. 
& 45.D cm 



"Kh -<3-5lK5 + 00mmi- l"6 mm, The image of tne fitxl lenxix l5Kcm 
mbdL 



34-2* Chupín -U 



(fe) Thc ¡magcoflcni 1 b 3l5cm-l58cm = 157cm lome Icílof len*2. / ; - *35.0cnv .v, -+157 cm 



f» — — — — - - +45.0 cm* m* ■ — — - - 

157 era -35.0 cm j, 157 



m u -*u,m, -(-3.51)(-Ü287)- + 1.00. The final ¡mage ¡*45.0cm to thc ríghlof km 2. The fmaJ imagc is 5.00 
mm talL » u >0 . So thc final ¡mage iserart. 

EvAJ iATt: Thc Anal image i*. rcaJ. It te crecí bccau&c cach kn* produce* an inversión of ihc jmoge. and rwo 
inversión* rclurn ihc image to thc or¡cntai»on of thc objcci. 
34.91. Id&mih md Sur Vn Appty Eq.(34.l6( forcach km* position. Thc Icns lo ¿creen dittance in each crac is thc 
image ditfancc. Thcrc are lwo unknottnv (he original objccl distante x thc local Icnglh /of ihc lens, 
Icn* poiiuon givetan c*|uabon, w» there are rwocquationi Ibr theic two unknottnv The objcci.. Icns and 
bclorc and after thc Icn* n moved arc*hown in Figure 34.91. 

Mi 





. ::tnm 




l- 







1 I I 
1 I 



r" 30.0 



i 30.0 cm f 



1 1 i 



Ugurc 34.91 

CK> cm, x m 22.0 era 

I I 



1 1 4.00 cd 22.0 cm 



f .iiiLUe ihcic tivo cxnrc*iiom for 1 ' 



30.0 ero j 

x + 4.00 cm 
4.00 em-j 



4.00 cm 



22.0 cm 
I 



22.0 cm 30,0 cm 
10.0 -22X1 4 



rfxt-4.O0cm) 660 cm ¿tr+4.00cm) fóOcm 

r * (4.00 cinta - 330 cm' ^ 0 and x = i<-4.00 1 Jlfi.O » 4< 330)) era 



be potitivc *o x - -<-4.00 ♦ 36.55) cm - 1 6 2& cm 
1 1 1 



Thcn — + ! ~ — and — ■ ! + 

x 30.0 cm / / l6\2Scm 30.0 cm 

t - - 10 55 cm. whkb round* to 10 6 cm. / >0; thc leni i* convcrging. 
E VALiATE: We can chcek mal a- 16.28 cm and / -10 55 cm give* i" 
f -(16.28 + 401 era ± 20.2 K era and i 10 55 cm givci fm 22.0 cm 



34.92. ID1.MIH andSr.rlJF: 



34*93. 



Exilie: W ^±,^ZJL^^!L,^L 
i s R f w R 



R 



t — n 



mu — - 

r 



- í: 



Ibeteforc ^~ -üland « , tf t 



s * R sf s R s * R R 

EVALi'ATE: i oí a thín leo* thc lint and iccond local Icngiht are cqua) 

(a) Ibísim ; U%e l!q |34 ííi to lócale the ¡mage Ibrmed by cach roirror. The image ibrmcd by thc fim 
tcrvc& a* thc obwci for thc 2nd mirrar. 



SZT Up: Ihc pcrntion* olthc objccl 4*k! (he t*\> mirrors are *hmvn in Figure 34,91a 
I 1 

UtUfLUOn 
l/|«Uíp2«0.1B0in 




EXEftTE: lm;iL?.c fonDgd h\ vonwv mirroi lmim>r "'. 

ronve* meara O.lsilnvf /. v 

_U__ ( L-,) ) -0. l gO m| 0|H0 j 0 .600m-»V 0 
x,-/ I-if 0,180 m V 0.7Í0 m-xj 

The imam* » 1 0. 1 NO mil 0 600 m " y ■ (<k t hc kft of mirrtc VUu» 
\ 0,780 m-jl 



0.6M^<0.180m)[°^ 

(o,780ro-xJ O7K0m-x 

Imagc iomu'ii hv cciiKavc mmiM imircor rV2i: 

roncare ¡oiplicx f¡ ■ *0,IBO m 

_ 0,576 m'- (0,780 m)x 
J)B a780m-x 

Rjy* rctum lo loe iciurcc ¡raoliei r* ■ x, Uvíng theic c&prtnion* in /t¡ - t pvc* 
0.576 ni' -(0,780 mi. <0,180 mu 



0.780 oí -x x-0JK0m 
0.60CU* -(0,576 iofr*0,10368 ro' =0 

«s_L(0¿76±J(0.576) f -40.600X0 l0368)|ms_L(0.576±O.2BS>m 

1 ,20 1 .20 

x = 0,72 m (imponible; cao' i nove x>l = 0,600 i : . ■ : 0,24 oí, 

[b)Sr.T Up: Wfckhinírmistfl »d which i* * 2 i* now reverted Ibrmport U>, ToUUitamii m Figure 3493b 



EXIK l TI ; Imane l"i<rr.iL\i h\ ioin:aVi: miinir fra:rrm rt 1 1 

concave mean* 1 - < 1. 1 R0 oí; x ( - x 
hf t ^ (0,180 ro)x 

(OJSOm^ Liar ' AMA (0,l80m)t (0.420mlr-0 



] Ík itiuvi: n lo (he L-tt ol mime » 1, i -U 

x-0,L80io x-0J80oi x-OJSOm 

bnggg fonned bv gggygx mfag [puma t*2j: 
ranvex mean» / ? - -O.lSO m 

rayi rctum lo thc axirte mean» x¡ = L - x = 0.600 m - x 
I I l . 

X I / 

f-0,!80m t I I 
{0420oOr-OJHOoi' 0,600m-x~ CUSflm 

x-0,180m f O,780ro-x 

(0.420 oilr-0,l80m'~ 10,180 nV -(0.180 m\x 
0.600** - (0,576 m\x + 0, 1036 oí* - 0 

Thit i* ihc same úuadtaiic cquaiion as obüíncd in rwx lai* *o again x ■ 0,24 nv 



34-a Chofer» 



EVALUATE: For r-024 m thc irragc is a* the locaban oí thc xourcc* boib for «y* that initially crawl fmrn 
tourcc toward thc Icft xid lor rays that crawl fforo che xourec trovard thc richt. 

34.94. lD£Vnn : ¿»_L- J. givex ¿ ■ ^ fe* Nrth che mirror and thc Icnx. 

Sur VJp: For che socood irragc* thc image finroed hy ihc mirrocscfw* a* che objcci for ibc len*. For thc 
f m m +100 coi. For the Icnx. / = 32.0 cm. The center of curvatura of the mirra i* Mm%f m - 20,0 cinto thc right 

o i thc rnirror vetlev * 

Exkc i ti; (a) Thc principal -ray dugrarra frron che two imagexare xketched in Figure* 34.94a-b. )n Figure 
34.94b* only thc image formed by thc minor n *hown. Thi* image ix al che lucaiton of tbe candlc no thc principo! 
ray diacram that *ho»x the image lorniation ivhcn thc iiroge uf the mirrtfr xervex ai thc objcci for Ihe Icnx u 
jjtalottoux tu thit m Figure 34.94a and íx not drawn 

{ h i Ima^c formed hy the hclic that pauci dircctly throueh che Icnx: Thc caadle ¡x 85.0 cm ti> the IcA of thc lenx. 



= +51.3 ero. «i » -— j — 

* H50 



m 



■ -ü.ííOi . Th¡* image ix 5 1 .3 ero ti> che hght of 



^, _ _ <S5 0 cmtil2.0 crol 
x-f 85.0cm-32.0cm 

the Icnx. óOw che image u real, ju* < 0 «o thc image « wvened- Image formed by tbe ligbt thal lint rcflccti olí 
the nurror Firvt conxidcr the imaue for roed bv thc mlrror. Thc candlc ú 20.0 cm lo thc ncht el* thc mirror. w 



í ■ +20. fl em 



120.0 cmMlO.O cml 



-200cm. m - — L»- 



20.0 



^ 20.0 ern 
' =51 Jcm, = -0.604. 



The ¡mace Ibrmed b\' 



x- / 2v\0cm-10.0cm 
the nurror u at thc locaiton of thc candlc, vo s t - +K5.0 cmand * : - ?u cm. »s - 
(-1 00M-O.Ó04) = 0,604 , Thc xccondünagcix5l.3 cm lo tbe right ofthe knx. *■/ >l), xo thc final image ü real 
m í4 > 0. %o che final irnage ¡x ereet. 

EVALiATt: Thc two ¡magex are al the same place. Thcy are Ihe lame x¡*c. Oncixetect 




l¡ztire3J.94 



34.95. [Ut.MItV 



5ETUF: .i-20.0cm P>0* Uxe = t9J2 cm u» ñndR 
repeal the cakulat ¡on with it =1.33. 



ttr thU cakulaiion^ ir -I.OOand m I >5 



Gwmctnc Qpic * 3**29 



Thcn — ^L5S_ 1.5S ^3 T " = -72, 1 coi* Thciniagc i* 72. 1 cm lo thc Icftof thc ¿urfacc vértex, 

»0 cm í 2,50 cm 
L\Xii atk: With thc twl m un thc imauc ix real anJ with thc nxl in water thc ittufc is virtual 



34.96. Id¿Viifi: Anpry — ^ — ■ — locachkn*. Thc image formed by ihc lint lera serve* a* thc obtect fccrhciccon 

S J f 

Icn** Thc local Icngthof thc knicombtnatioo b dcfíncdby — * Inpartfhlutc — -(«-1)1 — — — \\ 

*i *i f f R¡ 

calcuLuc /for thc mcm&cui Icn* and fot thc CC\ 4 , treated as a thin Icnv 

Su l.p: Wiih lwo lcn*cs of di libreril local Icngth m cornac!, thc imagc dbiancc from ihc fir*\ \cn* beeomc* 
cxacity rninu* thc ohjcet diitancc for ihc iccond len*> 

III 111 .11 I 1 / 1 1 ^ 1 1 _ rt# „ ( 

EJOCITO fu) — +— - — — ■ — — — and — * — - — + — =] — - — + — ■ — . ttuuncrall for thc lena 

*í Ji < / *i h A *S l* JEJ *í /* 
i i i i i i 

"tv*lcm. — +— e — 9 — +— * 

■*< *í / f /i fl 

ib) W ith carbón iclrachloridc titling ín a rncmwui knx* wc have two lernc* ¡n contad All *í need in order lo 
calcubtc thc *vMem'i focal Icngth n calcúlale thc individual focal kttgths. and ihcn uw thc IbrmuU rrom pul ral 

For Ihc mcnUcu* Icti* — = in -ji )j— -_L U (0.55)1 ! ! 1-0-061 ero 1 and / = l6.4cm. 

f m * R t ) \4J0cm 9Mem} 

Fot Ihe CC1, :_La(^-ir # ^^L- J-J=i íU46)^^i | = 0.051 ero ' and / fc =19.6 ero. 

— +— =aii2cm ' and f = B.93cro. 
f f* fm 

E VALÍATE: / = JLíL, *>/ for thc cotnbnutton k lew than chher /¡ or /, . 

34.97. lotvnFi: Apnty l^<34.1l}with to ihe rerraction at each ¿urfacc. Fot rerraction at Ibe íirsl surfacethe 
point P serve* at a virtual obiect. Thc imagc rbrmcd by thc lint rerraction ♦serve* as thc object for thc ¿ccond 



Skf Up: Ibc glau píate and Ihe two pointc are thown in Figure 37.97. 

pünc bou mean* — and 



í 1 



^.Í1 = 0 

tll>OH ^ 



Fi«u re 34.97 

Thc rayi conxcrcintí hm r ard pnint /* ccmMitutc a virtual objc^l for iht* surfacc. so 
í = -l4,4cm 
ií b = LOO, ^ - 1 60 

T * - 4 cm)- +23.0 ero 

Thii image ú 23.0 cm lo thc right ofrhc fint surfacc^o b a ditfancc 23*0 cm-r to thc rii^ti of Ibc tecond 
Thú image serve* as a virtual objccl Ibr thc «ccond turlace. 
nAurtipa aj t!w BMood ^jajfrhiodj wrfacc pfAc picvc nfajag: 

The imauc mi /' mt r - N 4 cu: * 0..V) ^ : - ]4J cm-l. s*-{21f) cm -/K n, ■ 1.60; m «1.00 

gh^s 14.7 cm - r = - j líl jn23 o cm -10 14.7 ero -i ■ «14.4 era - 0.625r 
0J75r ■ 0.30 cm and J - ORO cm 

EvaiAj ATE: The ovcrall cffccl of Ihe piecc of gla&i b to diverge thc mys and move Ihcirconvergcncc poinl lo Ibc 
nvhi I or a real objccL rclraction at a plañe surfacc alwavx producen a virtual image. but with a virtual object thc 
uriauc can he real* 



J4-J# (hapirr.U 



34.98. EdeXTOY: Aopty thc two cüualion* — + — - — — 



i J i 



, ,¡ * -< * * 4 * * r /M U *J 



[b) Camparme the cquation* for focal length ta and nut ofair wc havc 



EVALUATE: When a^-l, /'«/.aa*riiould. 



r- 



.14.99. loEVnr* : Annly i r J- - -!- , 

.t * / 

Skf UP: The ¡muge formed by thc corocrging lens « 30.0 cm from ihc converging bt^ and becomcw a virtual 
objcel Ibr ibc rovctfzing letw at a potcilion 15.0 ero 10 thc ríghl of Ihc cbvcrging kn* Thc final 
1 5 cm i- 1 9-2 cm - 34.2 ero froro roe drverging leo¿> 



i.^/* -26.7 ero 



1 £ f -I5.0cm M2e 

EVAUTATE: Out cakulation yicld* a negativo valúe of/; wbieh should be (be eaic for a divcrgmg Icni. 
34.100. IoevHFY: Thc «pherKul mitrar forrm an iroagcof Ihc objcel. Il formi another image when thc imageof ibe 
plañe mimx *crvc% ai an objcel. 

Skf L t p: Fot thc convex minor .* ■ -«¿4.0 cm . Thc ¡mace Ibrmcd by thc plaitc roitror i* lO.Ocm to thc nehi ot' 
the plañe mimx> «> b 20.0 ero * 10.0 ero - .10.0 cm from thc vértex i>f thc *phcr¡cal minee. 
ExECUTE: Thc firsi ¡mage Ibrrocd by thc .tpherieal nürror ii thc onc where ihc light ¿mmcdiatcly tfrikes ils 
Mirfjcc. uithoul bouncing frtroi thc plañe mirror. 

i+— r> ! +1^ ! =>y = -7í6cm t and thc irragcheighl 

s *' f lü.Ocm .r* - 1 1 1 ero 

te/— i- v--llil<0.250 cmi -0.177 cm. 
7 t* 10.0 

Thc *ccond image i* of thc plañe mtnur image i* loeaicd 30.0 cm fnwtt the vértex of the «pherieal mirror. 



1* " M.Ü 



10.0 cm .v -24.0 
l!H<0.250cml-0 



i'a-l33cm and ihe ¡mage hcieht is 



. :i: 



EVAl t ate: Othcr imatje* are ¡ixnicd hy ¿hMiitonal rctleci.ons from thc two roirrom. 
34.101* lot.\nn: In roe *kcich m Figure 34.101 the light Uavcl« upward ftoro ine objcel. Appíy Eq-(34.1I) wilh 

R -> ■ lo Ine rerraetion at caeh surfacc. Thc iroage formed b\ Ihc fim «urfaee nrn^cs a\ i'be i>bjcel for thc «eeond 
sutfacc. 

SEí Vwz Tbe locationa of the objcel and thc glau piale are 
ot * - I i» 









*»cn 













m Figure iJ J01. 

Pora plane1flat>x 
1 



EXECtTE: Finí refraelion <air -*gb*M 
a 1 01X h - 1 .55; ^ ■ 6.00 ero 
55 



1 0;: 



6.00cm)^-9 30 cm 



Thc imagcii 9.30 cmbelm roe lowcr aurfaee of the uIj^. wi* 9.30 cm» 3.50 cm-l2.Hcm belou h Ihc ufipcr 



Sccond rcfraction (glai* — » airlt 
ff. - 1.55; ^ = l.CHX -i - +12.8 cm 

- -Oís - -líííil2.8 cm» - -8 26 ero 
* t 1.55 

Thc nnauc ofihc puge i* 8*26 cm bclow thc ttip «urraccof thc glau piale arnl therefore 
9-50 ero - 8.26 cm - J .24 cm abo ve thc page. 

EVALUATE: The image i* virtual If you view ihc objcci by lookwg doun from above thc píate thc image of thc 
page that )xm scc is cUucr to wur eye than ibc page i v 
34.102. lo*\iuv Lighi rclracttat Ibc front surface oTlhe lena, refracte al tltc glas* tvater inicrfacc. rcfcct* from ihc 
plañe mimw and panci through thc twi> ¡nterface* agairu now travcling ¡o Ihc oppoiitc dircclkro. 
l.p; Use ibc focal Icnuih m arr lo find ihc tadiu* oí curvatura R of thc tcn.% 



EXEfliTE: <*> — »í»-l|í-l— -Lira — ! — =0.52^4 1 = 

Al thcair kn* inicrfacc: — — — — ^> ! and ¿ - -851 cmand f- ■ 851 cm. 

j 70.0 cm < 4 16 ero 

„ „ p 1.52 133 -0.187 , „ 

ni me lea water flitcriace: + . - and f -49lcm. 

851 cm j, -41.6cm 

Thc mirror rcflccti thc image back (linee there ¡ijust 90cmbchvccn thc ten* and mirror) So. thc po*¡tion of Ibc 

image U 401 cm lo thc left oí tltc mirror, or 31 1 cm ti> ibc left ai "tltc Icnv 

1-33 1-52 0.187 , . 

Al thc water leu* micrfacc;=> + — — - and *¡ -+173cm. 

-31 I cm v. 41. 6 ero 

Al tltc lera air inicrfacc; ^ — — + — - and ¿ - +47,0 cm* lo thc left oflcot. 

-I73cm í¡ -4l.6cm 

t^Y^Y^lY^lf^lV 491 Y^Y^__ |ff 

*aA**aA*aA'wJ l ™ JUs5lA-3llJl-l73j 

(Note all thc Índices of rerraction cancel ouL) 

(b) The image ii real, 

(c) Thc image i* mverted 

<d)The final hcigbt i* y* - *u> - (1.0ó)(4Q0 mm) - 4.24 mm. 

Evaj.iaTE: The Anal ¡mage ii real cven Ihough ¡t is on thc «ame *idcof thc Icn* ai thc objcci. 

34.103. lot viuv Thc camera lco« can he modclcd aia Ihinlcr&lhal Ibrm* an image on Ibc fdm. 

Ski I f Thc ibin^lcn» cquaiKtn i* —+—»—. and thc magnincation of ihc Icni \% «»--. 

j s f j 

EXECtlE: W «,-£-¿- l ' M>6<>W) s >y, ( 7JO^O^. 
í 4 (I2.0m) 

i * (7.50*10*^ a-V 7J0xl0^/ / O.0350m 
ib)Tu)uAt fillthc trame, me magnincation nuwt be 3Wvl0° so: 

■fu 1 )■!—!— 

*l 3.00*10 V / 0.0350 m 
Sincc thc boat i* onginally 46.7 m a^ay. thc di&iance you musí move ctoicr to ibc boat U 
4f>7m- ll.7m-35.0m, 

EYalí'ATE: Thii remlt *cem% lo in^tly ihai if you are 4 tímcias far. thc iroage is 'A a* largeon Ihe filnv 
MuA'cvcr thu rcmlt U imiIv an jjiptoxjnwtiotu and wuuld nol be in*c for very cUhc dblancci. It « a bcltcr 
apnroximation for large drtianccs. 

34.104. lof.\nn: Apply — and m--íl. 

s j / s 

SCT LfP: j + f m 18.0 cm 

1'Anut: u) ! - + — = ! . (.vV -fl8.0cmU < + 54.0 cro^ -Dio .v' = 14.2 cm oc 3.80 cm , 

l&Ocm-j* .v' 3.00cm 

t -3.R0cmor 14.2 cm, u> ibc «creen mu>t citherbe 3K0cmor 14.2 cm from thc obtect. 
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íIií ^3.80cm;«»-— B-lfi.-0.26S. «14.2 -2Ü--3.74. 
' í 14.2 í 380 

EvalíaIE: Smcc thc muge n projcctcd onto thc *oe«n. thc muge i* real and i* poiiirvc. Wi a»umcd ihn 

wlicn im: mtttc ihc condition f + = Ift.Ocm. 

34.105» iDECTltY: Anpty Cq.<34. 16} tu calcúlate thc inugc dntancc fox cach knv Thc ¡mage formed by thc l*t leus 

serve* ai thc objcci for ihc 2 mi kn*, and ibc image formed by thc 2nd lem serves ai thc object for Ihc 3rd lem. 

Sur UP: Tbc pouiiona oí thc objcci and len&cs are &hown m Figure 34,105. 

III 



A A A 



y-tHj 

'l 'j 



EXiXLIE: km. ai 

t ■ 1-KO.O cnu / ■ +40.0 cm 

„ U <*S00ctnK*40 + 0cm) 



- tM.D cm 



t-f 1-B0O cm - 40.0 cm 
Thc imavc formed bv thc firsi leus is HO.O etn lo Ihc ríght of thc futí lera* so ¡t ¡* &0.0 cm - 52.0 cm- 2X 0 cm lo 



thc nghi oiüie 
Ict«ff2 
1 - -2KL0 cm; / -440.0 cm 

... ,f . < -28 fl cn,».40.0cm,^ ^ 
x - f -2S.0 cm - 40.0 cm 

Thc image formed by thc Nccond lem is 1 f* 47 cm lo thc rtghi ot* Ihc sccond lenv so it i* 
52.0 cm- 16.47 cm -35.53 cm tothckflof Ihc IhinJIcns. 
Icn» *3 

í = *35J3cro;/ - 440.0 cm 

jf , t tMJ3«^ M )._ 3|tffli 

j-/ *35.53 ero- 40.0 cm 

Thc Imalimagc ¡* 31K cm to thc lefl of Ihc third Ico», so ¡I h 3IS cm - 52 cm-52 cm-80 cm - 134 cm toihc lefl 
oflheobjcct. 

E VALiATE: Wc u*cd thc «cparaijon bctxvccn thc lensc* and thc sign convcnltom. for.t and v* (o determine thc 
obfcel di&lanccs for thc 2nd and 3rd Icnie*. Thc final image is virtual sinec Ihc final x' n negalive. 

34.106. lo*\iuv Anply — 1*— andcalculaie v'lbrcachx. 

3 S f 

SETUP: /sWwn 

ExiXUTE: ¿4-L-— ^ ! 4— i — ! — =>* - 96.7 rom 

*t s f L300mm v 90 mm 

— => 4—- =^/-9l-3rom 

x s f 6500 mm s 90 mm 

: Vi*-96.7mm a IJmm- 5.4 mm toward ibe film 

EVALUATE: í'«— — . For / >0and j > /\ ^teuiui mercase». 
*-/ 



J4.I07. I Thc genera li?m ion oí Eq.í34.22) i* M - ÜÜÜÜ-, xo / - 



EXECLTE: (i) Age 10. ncar poinl - 7 cm 
- 7 ero 

/ 3.5 cm 

1 2.0 

(b| age 30. ncar point - 1 J ero 

14 ero 
i^cro 

2.0 
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<c> age 60. ocar point ■ 200 cm 
200 cm 

(d) / - 3 5 cm (fcirn pan U)) and ncar pool- 200 cm (foroO-ycar-oId) 

l#-"=-5J 
3.5 cm 

(r) E VALiA TE: No ThcrcaMm / -3.5 cm givc*afar$cr A'fora60-ycar-c4d mantara IDycar oíd i* thai ihc 
eyc of ihc oldcr pcrwm can'l focua on a* cióse anobjcci a* ihc younger peroro can. Thc unatdcdcyc of Ihc 60- 
\car*oW musí view a much unoJlct angular n/c* and ihai i* why thc &imc /give* a mucb larger A/ h Thc angular 
size of Ihc image dependa only on/ and ii inc *amc for ihc l*o ages. 

34.I0R. iDtvtirY: Use I*--L-l u> cakula* * di* gi ve* -25 cm, M-^. 
Sr.r L'p: Lct Ihchcight of ihcobiccl be i , so // - — and O - 



i 25 cm 

Lililí /(25cm> 



i * f * -25 ero / /+25cm 



^ /<25cm) ; /I25cm) 
f &_ M/ + 25cm>_l_ /+2Scro 
C ~ 0 ~ /(25cro) jv25cro~ / 
I0cm*25cm 

U\) II i - I0cro~> \t - - 3.5. Th¡* is 1.4 time*, wíeaíer than (Kc m^unifwaLion obiJiucd ií ihc imacc 

10 cm 

25 cm 

jf formed al inKnily (A/ d ■ 2 J). 

EVALUATE: (c) llaving Ihc first image íorm just within Ihc focal Icngtn pul* onc in thc situalion dcscribed abóte, 
u Itere ii actt as a sourec that yieldi ancnlargcd virtual image . If rhc llrn image fclljuit oulsidc ihc tecond local 
point* Ihcn thc image would be real and djmimthcd. 

34.109. lotvnF*: Applv Thc near point is at infiniiv* mi that i& where Ihc ¡mage must be Ibimcd for any 

s j / 

objeci* Ihat ate ctosc. 

Si;r Up; Ihc powcr in dioplcr* cuual* — . w¡th/in meter* 

EXIXLTE: — --L+— - — ! — +-!-■ — ! — i . 1 iin -oicr*. 
f i s 24 cm -ce ft24m 

EVAUTATE: To focuv on eloser objeeu. Ihc powcr musí be iocrcased 

34.M0. Ideviot: Apply Üí.*^-- *■ . 

s a R 

StíVfz n 4 -1.00, ^ -1.40 > 

EXECUTE: ! +— - 040 =sy-2,77cm 

36.0 cm ¿ 0.75 ero 

EVAUTATE: Thñ dinance \% grcaict than ihc nonnal cye. wbich hai a comea verlex lo relina dinance of aboul 

2.6 cm. 

34.1 1L iDtvim : Use similar Iriang les in Figure 34.63 in thc Icxlbook and £q + (34.16) lo dnriw ihce^prcv(ion»calkd 
Ibr in thc problcm. 

<»)StrLTr: ThcciTccIofthcconvcigimjknioolneraybundle h sketched in Figure 34,111. 

EXCtUTE: From ¿mular 
thanvlc* m Ficure 34,1 1 la. 




r^^ * — 



Usun ■ .14 III. 
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(b) Ski Up: Thc imagc al thc focal poinl of thc fml Iciw. b dblatvc ¿ lo thc rrght oflfae firrt icrw* u thc 
nbjcci Ibr ihc iccond leas* The imagc i* a distante y, -rf lo thc right of thc *ccond Icn*, *o a, - -d) = d- f, 



Exkctie: < - 



f\ <Q *o = — and 'II . aswanobe 



(O Ski Up: TbccrTect of Inc divcrging Icni em thc ray bundlc t* ¿kctthcd in Figure 34,11 Ib 

E\i;c i 1 1 : From nmilar 
mangles in thc «fcclcb. — m y 



i M 








f 2— 



Ficurc.Ulllb 



From Ihc rciutu of purt 4a). — - ^ . Combining inc lwo resulta giva ^ ■ — 



tknwd m part reí 



(d) Ski Up; Fui ihc numerical valué* into 



. i 216 cm 3 
f = 12.0 ero I A - 18*0 cm 4 *o f ^ 

J - 0 gíve* f = 36.0 cm; máximum/ 
é ■ 4.0 ero give* / -21.6 ero: mínimum/ 

216 era 



f = 30.0 ero *avi 30.0 cm ■ 

6.0 ero + d 

6.0 cm * d - 7.2 cm and d - 1 2 cm 

EVALUATE: Cnanging rf produce* a range of effective focal length*. Thc cfTccItvc focal kngth can be both 
*malfcr and largce than t\ -t | /■ | 

34.112. IDKM1HV: . 0- 



,u,i 





andrT- 


1 


. Thi* givc* |.4/| - 




1 




1 







Skf Lip: Sincc ihc miage Ibrmcd by thc objeeme « uted a* thc objeet for ihc cycroecc. y¡ - y. 



l-AH i ri : llf I- 



ri A 



4 Ji 



* US 36 



autsklc thc cycpiccc local noint- 

Niw ihc dittancc from thc núrror vértex ti> ihc lens r* /¡ +j* ■ 49.3 ero and w. 



j-. /» .... 



- 12,3 env Thut wc ha ve a final imace which js real and l2Jcmfrom 



thc eyepteoc. iTakc cate lo carey plenty of figure* in Ine caleulainm hceausc ittflcktsc nurobenare <tubimeicd.l 
EVAUTATE: Cq.<W,25)gí^ |W|=40 , iwmewbat brger Ihan |A/|forih«lcieT*copc. 
34.113. iDEMin and SKF Vtx Ibeimagc Ibrroed by thc obfecinc n thc objeet fue ihc e>cpiece. Thc lolal lateral 
mjffíulkjlhm t% m Bl - mm^t -S.CK) mm íoheethe); /» - 7,50 cni (evepiecel 



(a) lite localion» of IhcobjccL lente* and cercen are *houn in Figure 34.1 IT 



*i = f \ l%\ * INOrn u - 7 / / 2 *2íK>cfli 
Ptar*MJ13 



EXICUTE: Fiod (he objcci ditfancc r, for ibc objetiira 



i i 



>; *< a *\ <a 



,r¡-/ 18X1 coi -O.KOOcm 
l'ind Ihc nbjcci dniarwc a. for ibc eyepiece; 
» ^200 cm/i - 7.50 cm m » ? 



*i 1 /> 

* 200cm-7.5Qcm 
Nmv ttv calcubtc the may ni tkjiioH lar c&ch len* 



.-2L50 

^ 0R372cm 
4 200 cm 
íj 7.792 cm 
*w M -^m, - (-2 L50M-25.67) - 552. 

■ h) i ■:■ ihc ikcich iwc con *cc that rocdriiancc bctwecn the iwukuwi» <"j ■ iS.Octn -7.792 ero - 25<R cm 

EyaliaTE: Thc mkro*copc u not bcwg used in thc convcnbotud *ay: il merery serve* ai a twvlcns \vMem )n 
particular., (he final imagc fermed hv roe cycpiccc in ihe proMcm i* real, not virtual a* is Ihc ea*c ntwmally for a 
m*croscope> liq I3J.2*> does nol apply here* and in any cvcnl gives thc angular not ihe lateral magnifica* ¡on. 

34.114* Ioímim; Furuand u' a» dcfuicd in Figure 34.64 tn thc tcxtbooL 1/ -— . 

ii 

SEFUp: / ; ünegati™, FrocnFigurc 34 64, ihc length of ibe MfattCf»fci jJ+JS* 

ExECUTE: <a> I-rom thc figure» tre-^-andií'--^— . Thc angular mauniíkation i* 1/ - — = 

<e>Thc Icngthof thc tcle*copc i* **5 Ocm - I5/Jcm -K0.G cm. compared (o Ihe length oí llOem Ibrlhc leleieopc 
in Exerciic 3437* 

EVALUATE: An advantage of Ihb conitruclion i.% thal thc tclcsconc i* somcwhat ihorler. 
34. 1 15. IdeviwY: Use — t — - — to calcúlale i 1 (thc cb*tancc of caeh poinl from thc lcn*K for no<nls A+ B and C. 

Sur Up: Tnc objccl and lem are %hmvn in Figure 34.1 15a. 

ExjXLTe: (i>For poitvt C ; - * — * — ^ +— ■ =»r'-36>0cm 

m / f 45.0on r 20.l)cm 

r 1 v- -^5^15.0 cm(t -12.0 cm.*o Ihc irnageof potnl Cí>36.0em to thc righi of thclem.and 

j 45.0 



l2i)cBibdDwmo 
Fot porol A; s - 45.0 an * 8.00 emlcea 45*) ■ 50.7 cm . 

i^-í- => ! +— * ! ^j'e33.0cm.í / --— t---^(15.0cm"S.OOemí*ro45 s )) = -^.lOcrn, 

s j' / 50.7 cm s 20-Ocro j 45.0 

«o thc imauc of poim A u 33-fícm (o roe right of thc len\, and 6. IDcm bclow t!u - jm v 



Forpointtf; a - 45.0 cm - 8.00 cm(cac 45*) = 39,3 cm. = 



/ 20 «cm 



j 1 40 7 

/ * -—v * - — — ílS.Ocm -S()0cni<im45 í H--2Í.4cm. so i he image of poinl i* 40.7 cm lo Ihc right of thc 



k*iis t und 2L4 cm be km- thc ww, Thc iimgc i* «houit m rigurc . 
[h) Thc kngthof thc pencil ii thc dixiancc Irom poínt A lo R + 
¿^Jt^-A-^+íy^-^V r s ^33.0 en -40.7 en) 1 +(6J0cm- 21.4 cra) f s 17. 
EVALUATE: Thc inuge b bclow thc ont*c axb 4jh! ¿i totuer ihan ibc objeet 



16< n r 




IT 



lia 



16 a* c 

A 




f 



J 



16.0 



tXAm a 



«X7 



Hitare ¿4.115 

34.116. lotvim 4ndSKF l>: ftKttMlcrthcrayduvremdnmnin l'ígure Hlld 



ExiXlte: (a> U*mc thc dtawram «ind law of *mev 



-ii: 



rellrciioni y - </? - /X BWcciing thc frunglc: eo%0 ^ JEco*0- fcotfí-—. 



ti 
— 



■AI2- 



/¿ = — ii thc valué of/ for 0ntfor/ero í 



ravncarthcaxiM* Whcn 



(IKTCjk v |2- l/OMé?) decrcaie* and /decrece* 

í-lA--0,02^ü^&9R*o2-— í— ^0.98. cosí?- ! 



Ibl 

EVALUATE: For 0-45*, /-0.5S6/ M . amlAuroroaehe*/cf«a* /V 



ind 0-MA 



¿5 




Geomctnc Qptic* JM? 



34.1 17. iDívnn : The distance belwccn image and objecl can be caleulaicd by laking thc dmihv of the scparauon 
distance and mili imi vin ji it- 

Skf Lp: fot j re al iota ge s*> Oand thc distance bciwecn Ihc objectand ihc ¡mage is D-s+s' . Por a real 
nave *>/. 



Y.\vx l Tt: O - a ;t v'but í*- 



— --Í-Í— — la - — í__«_ — — 0 . i ] -2rf«0, jfj-2/)«0. í -2/ÍsthcsolutÍon forwhich 
t> f * For * - 2/ , f'fi2/. Thcrclbre. thc mínimum ícparation is 2/ t 2/ . 

(b) A graphof O. 1 / venus ( / i* sketched in figure 34.1 17> Note thai ihc milumum docs oceur Ibr 0- 4y\ 
Ev alíate: ir forcxample i = 3/ 2 . Üien *' - 3/ mi ÍJ -n **-4.S/ , greafer than the mínimum valué. 

I* 

fcú 

TA 
60 

M 
4.0 

M 

10 

LO 




00 LO 20 )0 4 0 M 60 7X1 1,0 9 + 0 100 

Figure 34.117 

34.1 IK. Ideviim nd SO IT: For a plañe mirror, ¿ = -s. 

1-aii i ii : (i) By thc symmciry of image produciKML any image imist be Ihc «ame distance O a* thc objecl frora 
thc mirror intcrscciion poiitt. Bul ifihc images and thc object are cqual disiancc* from the mirror inlcrsocikiiL ihcy 
lie on a circle uith radiui cqual lo D 

<b) Thc ccnler of Ibc circte \ta at ihc mirror ¡ntcrseciion asdiscussed above. 
M Thc diagram ¡s sketched in Figure 34 1 IS. 

E VALIATE: To *cc ihc image, lighi Irom ihc objecl imitf be able to rcllcci from cacti mirror and reach the 
pcrion** eyes. 




34.119. Ideniuy: Apply — - ^ to rclraction at Ibe comea lo find wherc Ihc object for the cornea musí be m 

order Ibr ihe image lo he at ihc rclina. Tbcn use — i — — lo calcúlale/ so that Ihc Icos produces an image of a 

s f f 

disiani object at ihis poirtt. 

Skf L t p: Fot refraelion al thc comea. it_ -133 and n fi ■ J .40. Thcdislancc from thc comea lo ihc relina tn this 
modelof the eye is 2.60cm. From PtoMem 34.46, R ■ 0,71 cm. 

ExkCLTE: (a) Peíale wiih normal visión cannot focus on disiant object* under water becausc ihc image is 
unable to be focused ¡n a short cnough distance lo Ibrm on ihc retina. Equivalcntly. Ihc radius oí curvaiure of thc 
normal eyc ú about íive or six times loo greal for tocusing at Ihc relina to oceur. 
ib} Whcn iniroducing clas*cs. ki s first conskler whal happcns al thc eye: 

Da07 



^ ^- ff< _l.J3 r L40 
^ .v¡ R s 2 2.6cm 0.7] cm 



--3 02cm + That is. the obicct fiw ihc comea mun be 3*02 cm 



bdund the 



Now. 



are 2.00 emin front of ihc eyc. so t* - 2.00cm«-x v - 5.02 cm r 



¡uid f' MC L -m Thix ñ thtf focal kngth m waicr. but lo gct (I 

5.02 itn /7 



ihc formula fiom Problcm M9H: fi 
E Valía TE: A convcruing km w 



I ««("-'> LlJ33(l.52-l)J 



55 cm 




35J. lot-MiH : Compare (he palo difiéreme ta thc wavclcoglh. 

SEf UP: Tbe *epant¡on bclwccn uturve* ¡« 5.00 ra, *o forpointi bci-nwn ihc wurec* ibc largcsl p*w«bk path 
dillcrcncc i* 5.00 m 

ExECUTE: (m) Fot conrtructive ¡otcrfcrcncc ihc path diITcrcncc i* mA< m * 0. ± i, 1 2, . .. Thu* only ibc path 
dilTcrenccof wro i* po**iMe, Thb occun mjdway betiwen ibc hvaMturcc*. 2.50ift fturti.l 
WFglHatfnh*»ru«oi thc paih «OMm « ftt + ±)¿.« S 4.xL±2.... 

A oaih dillcrcncc of tÁ/2 ■ 3.00 m ls posible bul a path diflcrcncc a* Urge ai 3¿/2- 9,00 m b nol pouibk. For 
j point a dbtancc i Iram ^ jtjJ 5 00 - v íii*m ii thc paih diflcrcncc i% 

x-iSMm- xy T-iv' i i -t,V00mpivw t-4 t 00m t v -{5.00 m-i>- -300m grve* i - 1.00 m . 
EVA14UTE: Thc oainl «f eanMructive ¡ntcrfcrcnce b midway betwccn thcpointt nf üc*iructivc inicrfcrcncc. 

35.2. lotviuv Fordctfruclive interfcrcncc ihc path diflcrcncc i* - 0,£l,±2,„. . Thc kmgctt ifruvelcngib 
i* for m - 0 Fot contfructivc ¡ntcrfcrcnccIhcruihdincrctKcii W.. na 0,±),l2, „. Thc longc*t K-avcleogth ti 
for «i-l. 

Si:f Up: Toe path diflcrcncc ü 120 m. 

EXECtTE: >j> I ■■ . .-.i ji Fcícocc y- 120 ni 9 i - 240 ra 

(b) Thc li>nue*t wavclcriuth for cortflruciivc inierfcrcncc is Á - 120 m 
EVaLíaTE: Thc pilh diflcrcocc doe*n*l depcod on thc diviurcc of poinl O from Ü. 

35.3. lotvnFV: L*c ta calcable ibc ttavclcngih ufihc iranMoilted wave» Compare Ibc dilTctcocc ¡o Ibc 

duiance ítomA \oP and (rom 5 la/* For coralruclrvc mlcrfcrcncc tlt» path dilTcrcncc i.% an integer múltiple of ibc 
wavctaigth. 

Si i Up: Coasider Figure 35.3 

Thc dútiance of poinl /* 
' _ Eranu DHifa coherent 



MU 



ii #j and 



- 9.00 m-x 



Figure 35.3 

EXECUTE: Thc path diflereoce \% r 0 -r A =9.00 id -Ir. 

r t -r,»m¿,«*u\ II, i2_„ 

MFu* mMBm 
/ 120-icmi* 

Trui* fcOOm-l* -w(2.50 m> and x - 9 °° 01 " m1 ^ 4.50 oí -(1,25 cilni, t tmut lie in thc range 0 lo 

9.00 oí *¡ncc /* ii xaíd lo be hciw-ccn thc two 
m-Q gtves x - 4 50 m 
iit — -* I gives ^ -4 50 m- J.25 m - 3 25 ra 
»»+2 ghd x - 4.50 m - 2.50 m- 2.00 oí 
... ■ : gives x = 4.50 m -3.75 m- 0.75 m 
m ■ - 1 vi ve* -t = 4.50 m + 1.25 m = 5,75 m 
m = -2 give* x ■ 4.50 m * 2.50 ra ■ 7.00 m 
m * -3 gives * ■ 4.50 m * 3.75 oí ■ H.25 m 



Ch*pttr3í 



AU oiher valúe* ofxii givc valucsof xout of the allowcd ranee. ConAlructive inlcrfcrcncc wül occurfor 
*«ü.75 rn. 2.00 m t 3.25 m t 4.50 m, 5 75 nv 7XK> nv and 8.25 m. 

E VALÍ ATE: Constructive ¡ntcrfc rence occur* al the m¡dpoin( bcv»cen ibc lwo xoukc% since ihat poinl i« (he 
same Ait mee fromcach tourec. The oiber pointsof constniclive inicrfcTcoce Are symmetrically placed rclative id 
ihu potnt. 

35.4, lOEXTltY: For consiructive inlcrfcrcncc (he palh djftérencc di* rclalcd lo Á by - «f - 0.1.2. .. . Fot 
de* truel i ve ínterfetence - (m*¿M. itr = 0,L2,... 
SElUt: <f-2O40nm 

Fxucnt: (a) Thc brightest wavclcngihs are when comtruciivc intcTlcrcncc occut%' 



m 

_ 2040 (un 



2040nn, 



„ Lli 



(h) The pam-lcngth dilTerenee ta Ihc «une. so ibe wavclcngita are 



w 



. The viuble vtavclcngihs are - 5K3 nrn and x 4 - 453 nm . 
r 



Eyai.i Alt: The 'navclcm'ths lor constructive ¡ntcrfcrcncc are bctwccn ihosc lor ctalruciivc mierferenee. 
35.5, Id£\iim: If thc path dillcrcncc bcrwccn the two waves « equal di a wholc number of wavelcngth:t, comtruciivc 
inlcrfcrcncc oceurs. bul if ¡t ta an odd number of hall'wavclcnuths^ dcstructive inlcrfcrcncc occun 



SetUp: \Ve calcúlale Ihc 
Fu e un; Cali/ 1 , ihe 



travclcd b\ bolh «ave* and subtroci (hem 10 fmÓ ibc path diflcrcnce> 
frtmi the neht speaker lo thc ob*ervcr and f\ (he dtaiancc (rom ihc lelt speaker lo 



4a) P% - H.O m and P t - J|6.0mr ►(SO itir - I0.Ü m . Tbe path distance k 

AP-Pj-fl - l0.0m~S.Üm<-2.Üm 
(b) The paih dittancc » onc wavclcngth. soconsiructivc inlcrfcrcncc oceurs 

<e>/*i - 17.0 ra and A - Jl60mi J -tilT.OmV - 1K Om . Tbe palh difference is 1H.0 m - 17.0 m - LO m t «íiicta ta 
onc-balf wavclcnglh. so dcstruclive intcrtcTcncc oceurs. 

EvalíaTE: Constructive intcrfcrcncc alto ttecur* if thc palh diffcrcncc 2 Á , 1 jI , 4 A , etc., and dcitrucuvc 
intcrfercnce oceurs ifil ta Ü2, 3 -12. S ele. 
35.6. lofcvim : Al an an tí no de (he intcrfcrcncc ix comimclive and (he palh dilTcrcncc i* an inteeer number of 
wavctoigth»; patlidilTeicnce - m¿. m - t2. . atananiinode. 

Sur L'P: Ihc máximum maumiude of ihe path dilTerenee is ihe leparation Jbeiwcen (he :%\*> source*. 

1-aui it: uj v 1 . 1 ¡ - 4/i.and ihii palh difference Mays the same all alung (he y-axi^m 

«f - t4 Ai S. .r. - #* - -1/. and the path dilTerenee helow (hb puint, aking ihe nearaiKc v-axis. slavs (he same, so 



(h> The wave paitem u skelched in Figure 35.6. 

(e) The máximum and mínimum m -valor* are óeiermincd by thc Urtrcsl 



ihan ec equat lo — 



|d> If é - 1—Á => -7 S m S 47, so titecc will be a totaJ of 1 5 antinodcs berween (he sources. 

Ev alíaTE: We are corrtiderine pomis cióse 10 (he (wo sources and ihc antinodal curve* are nal itra) 




35.7, iDtvnn: Al an antmodal pomi thc path dilTercrKc ¡«cqual toan inicgcr numbcr of wavclcngth«. 

twxnE: Mca«ur¡ng wiih a ruler from both 5 A and 5. lo Ibc difTcrcnl point* in ihc anlinodal linclabclcd <w-3« 

wc íiod that ihc dilVcrcncc in path lenglh ¡« ihrcc uma ihc ttavclcrtglh of ihc wavc. mca«urcd from onc crcsl lo 
ihc next on ihc dmtfnini. 

EVAMiAYE: Thcrc n a wholc cune of pointi where thc path diflcrcna: i* . 
35.S. Iin s i in : Thc talue of y u (% rnucb «matlcr than R and thc dpprm raíale c\frc*uon y^ = J ^~"~ i«accuraie. 

Sm-UP: r^-lO.óxlO 1 m. 

r fcmi «- j 20*¿ (20Ml-20mn502xlO*rM t tÁ ... 
Jauui; d ■ «i . - I 14 '10 m - I 14 mm 

I0.6x|0 * m 

EvaMtaYE: ün^ -lilio 0^ -O.ST and Ihc anproximalton *in<J, * lanrt , ¡« wrj accuralc. 
A 

35.9. lotvnn and Skf Ur: Tbc cbrlt line« corrc«pond to dcitniclivc ¡ntcrfcrcncc and henee are located by IU|.<>5.5>: 

l\ 



... 1 1 ' ,.■ - — r ' ' , m-0,Xl,£2,„. 

Sol ve for ^ ihai lócate* thc «ccond and Ihird darW lmc«. Use y - ffun^ lo find thc dixiancc of cach of thc darfc 
linci frora ibc center of thc «creen. 
Cxic i Te: Iti dark linc u for ia -0 

2nd dark linc i* for 01 - I and «Ín0 W 00 * 10 m > -1.667x10* and 0 -1667x10 "* rad 

1 2rf 2(0,450x10 -*in) 

Mdwfcfawbfor «¡¡2 and éft^ 5<S0OxlO*m) ^2.778x10» and 0^2.778x10 1 rad 

1 2¿ 2(0,450x10 'm) 

[Note thai 0 Í and // ate «nuil so i bit thc approxirnalion 0 m *inO m lantf ¡* ralid) Tbc diitincc of cach dark linc 
from Ihc center of thc central bright band iigivenby r_ - fltantf. where R - 0.850 m i« ihc dUlancc lo Ibc 



tan f? «# ■*> ■ JM^ 

:'■ " : ... I ti " :■' ; L 25x10* m 
-(0.750 mX2J78x 10 1 rad)- 2.08x10 ' m 
&y=y s - r ( = 2aT8x10 1 en -1,25x10 1 m-0.83 mm 

Evam.au.: Stnce t\ and O, are wry «malí wc could ha\c used Eq + (35 + 6K gencralüed lo dcsiroctive 



35J0. iDEvnrv: Sincc Ibc daci fimae% are cqully «paced. . ihc anglci are %malland ibcdail band«arc located 

Ser I i'; Tbc ion berreen adjacent dafV band« i« \< . 

d 

d áy 420xl0 fc m 

EVam:atE: Whcn ihc icparation bctwccn ihc «liti decrece* ihc .%cparatíon bctwccn datl fr¡ngc« incrca«A, 
35.11. lotvn^ andSKr l>: Tbc rwiiion« of ihc bright fringc« archiven by EqAttú): y m - Rimi? dy forcach 

rringe ihc ad>acctil rringe h locaicd al y„ mí - Rim *l)Á Sotve for X. 
EXfCtlE: Thc «eparaiwn beiwcen adjacent fnnge» ¡« ¿y*y„ t -y m *Rltd. 
^^^(0.460x10 ^X2.82x10- ra) t ^ 

2 20 ra 

EVaLí'ATE: £q r (35.6) rcqutrci ihat ihc angular potition on thc xercen be «malí. Thc angular ptuilíoo of bríght 
rringe* ugivenby unO-mÁ d. Thcilil «eparatioa b rnuch brger ihan thc wavcLcngth iÁ'd -1.3x10 *), so Ü 
i««mall «o long a« m » oot extremcly tarec. 
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.15.12. lotvnFY: The wídth tifa brighi ¡ringc can be defined lo be thc divtancc hclnecn iu ivto adjacent dctfructivc 
mínima. A¿uumíng thc ¿malí anule formula fcrd&tnicliTC ¡nterference i r , ■ R ^ ^ 

Serta 0.200* I0' l m. Jt-400m 

EXKCtTE: The diitancc bciwccn any rwo ¿uccckmvc mínima 

is . - v, - /f— -<4Mm> |4W *° _s.oomm. Thu* t ihc ansvtvr toboth pan (¿i «md pan <b) U ihai (he 
d (0.200x10 m) 

widlb is ROO rom 

Eyai.üaTE: Tor *mall anglc*. *hcn <: R . ihe ¡ntcrfcrence mínima are equally sr»ced> 
lor-vnrv and Sur Ir: Thc dark linc* are localcd by d%\nÚ~\ m + ¿|^. Thcdwianccofc; 



Dt rae «creen is vi ven by i - ff tan í* 
EXEtliTE: Firsldark line » for /« - 0 and JnnQ =ÁfZ 

nnfl - — - 55Q * tq ro .p |5:k and tt Sccond cUrk Linc i% for m m 1 and ¿iinft-3¿/2 

2rf 20»0xl0*m) M ^ 

^-ji-jf 550Mt °^ and ^27^. 

2d l^O.ROxiO* m)J 

%\ - RuaO -<0.350mltan8.7K9*- 0.0541 m 

>\ - Alantfj ■ <0 .350 »)tt»27*2f" - 0. 1 H05 m 

Thc duiance belnven the linet U Arar, - v, -0.1R05 oí -0.054 l m - 0 126 m - 12.6 enr 
EvaiaaíE: nr7 - 0.1528 and tMi0-O.1546.*in0.-O4583 and unft -0.5157. Aathc 



.15.14. IDSNIIPV: i;*ing Ec><35 6» fwsmall angles : i- w - R — 

d 

Sur I t p: Firci-ordcr mean* «i - I . 

Em:c i te: Thc dirtance bciwecn corrapumbug bnght ninge* b 

* d (OJOOxlO'mj 
EVAUTATE: The «rproi™ bctwccn thc*c frínge* for different wavclcnítlvs mercaic* when ihc *lit *cparai¿*m 



35.15. Idimuy and Stt t'n Use Ibe informaron given ahotil the brlght frínge to Imd me mttance rfbciwOT the tno 
sin*. Thcn uw Iiq.f35.5i and y ■ fftanl? to calcúlale A for which Ibe re i* a firsl-ordcr dark fringe al Ihb omc 

place on thc ¿creen. 

ExiXUTE: t;ÍÍ ( *orf-^^- ^ ffl> ro* 600 * ^ — —-3,72x10^ m. i R U nu*:h sreater iban d. «t Eo.35.6 
d y\ 4*4*10*01 

i« valíd > The dark i . . i ■ . . are located by dunO- » — ] > 

by iintf ■ ¿í, i 1 2*1*. ^here ii die «avcleoglh «e are *ei 



2J 

Wc v*am ). mch thai i ■ lxx\% give» — ■ — and A¡ -2^ ■ 1 200 nm. 

2t/ 

E\ Al-CAlE: For ^ ■ 600 nm ihe paih difference from thc tvro *\it* lo tltih puint un thc wrcen ¡n 600 nm. For tht* 
¿ame path difTcrcncc <poxrtl on (he scrcenilhc pa(h diñerencc» á 2 when /.-I200nm 

35.16. huMin: Brlght fringciarc located al y m * ^ ! ' :V [ lr 1 : :i1 " ' - ' ¿unO* {m + ±)A and 

Skfí t p: /i ^ 3.00x1 14.75^10^ m . For Ibe ibirdbright írínge (nol couniing inecenfral bríghl 

/ - ■:■ : Ib 

srxiij. ib-3. For thc mird dark frínge. m-2. 



IntcrfrKrce 



, mÁR 3í4 75x]0 T mj(0 + 850ro) „ m t „< 
EJOCITO - x ) d - - 3.R9* 10 m- 



□.031 Im 

■:i.í nn0^i2*l)**q$)\* 7$ *\ Q n . m Uo.030Sapd 0 = 1.75*. y = fttanO = <85.0 cmH«Í.75** 160cm , 
¿ (3 + K9*10 m) 

EVauíaTE: The third dsrk fringe í*ch>scr lo Ihc center of thc ¿creen Iban lite thttd hright fringe on onc %¡de of 
theccninil nncfrt fringe. 
.15.1?. Ioímim: linght fringe* are located al anglc& //given by ¿finir?- mÁ . 
JvEf Up: Tbc largctl valúe xin0can have b 1.00. 

d%inú . _ _ </ 00116*10 *m ___ _ ^ . _ _ 
IaicMe: <■> m = . lor antO - L . »j 1' » s Thcreorc. thc torce** m «r tnngH 

on thescrcen » m - l*í . Thcre are 2H91 + J ~39hrighi frinaes. the ccmra) onc and IQabovcand I9bch>w¡i. 



(b) II-. i ■ :i frngehas w = il9 aM g-mÍ.-tl9| "-.i — |* ±0.958 and tf«±73.3 
E VALÍATE: For «malí 0 the spacing ¿v bciwccn adiacent frince* i* comían! bul Ibis ts no tooecr thc ca*c for 



( 5.85*10 1 m ^ 
I 00116*10 1 my 



.15.18. lotvnn: Aliarle dblaira frwn ihe anienna* ihe eqwíion rfwntf-afci. *T-0,íl.±2*...gÍv<* thc anglc*whcrc 
máximum mtciiMiy u oh*crvcd and i/»n^ + ¿iz. m ■ D. 3 i t ±2. ... gíves the anglcN wnerc mínimum mtcmiiy 



SmlJe: *f-l2J>m. ¿= — 



2.71 m. 



3.0O*l(T m.i 
/ 107.9*10* U¿ 
0-rl3.4*, 127.6** ±44.1*, ±68.!*. 

<ni xmO-(m+l)L-im + 'XÜ.232>. tf-±6.66*. ±20.4*. 135.5*. r54.3*. 

E VALÍATE: The ancles t*or jkto inlentity Are approximatcly midway bciwecn thene fu* máximum intennity 
35.19. IDEVTOY: Eq.(35.IO): /-/,cos J (0/2). Eq.(35.U): ¿■(2ry¿X'a-'¡)- 
Stí Up: # i* ihc phaje dilTerence and * r¡ ) i* me poih diflerence. 
EXECtTE: (*) í = / t <co*3aj>V- 0.750^ 

E VALÍ ATE: « - 360' té and (r, -^)« 4/« . 
35.2*. iDtvnn : - P alh ^Jgrc^ reUtc^ the paib dilTerence lo the nba« dtiTervnee Atf . 

Su Up: Ibe source* mú poinc are iboira in Figun; 35.20. 

. 524 cm-486cm _ 
EXECUTE: áé - 2.T T= 1 19 radunh 



EVAUTATE: The diManee% ffom £ lo T and J to Z 1 aren*l imporum* only ibc dilTerence in thc*e disiarKet 




FÍture35J0 

35.21. loivim ind Sr.r t>: Tbc pba*c dilTerence ^ i*givcnby ¿-ilrd Á)xm0 (Eq.35.13.) 
EXECITO f*i|lr(0J40xl0 * mXI500x]0* m))ttn23 k O ? -l67Drad 
EVaUtaTE: The mih hnght fringe occui% wben p ■ 2.tw, m> Ibere útc 
23.0^ frotn the cenierí ine. Notethai E]u.(35.l3>civei ó inradianv 
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35.22. Ioíviim; Thc máximum inlcnuly uccur* al all ihc point* of corntruciivc intcrfcrcncc, At thcic nointi.. ihe puih 
di ITcrcncc bclwecn wjvci ftom thc rwo tran&mlltcn h an integral number of ttavcleru:ihv 
Skf Up: F**r codNtructtvc ¡nicrfcrcncc. sin 0~ roxif. 
EXIXLTE: (í> Fittf find (he wavckngth of thc L'NF u-avci: 

¿ - c-/- <J.OO x 10* m'*)(l575.42 MI)/) - 0.I9W m 
Por máximum inlcniity tnt/ 0\Á ■ <vta\ «o 

iin 0 - Ají-»/ - m[(0.l904 mM'5 IX m>| - 0.03676.W 
Thc muxtmum puuiMc ui wouldbc for0-9O\or*¡n 0- L w 

■n« - **■>; - (5.18 ra H 0. 1 904 m) - 27.2 
tvluch muti be i2T mikc/« ñ un inicgcr- Thc tola) number of máxima ti 27 on cilhcriide of ihcccniral triture* plu* 
thc central frrage. for a inial of 27 f 27+ I ~55bright fringex. 
fl»> Unng - ii 0- mütt. ■■ bt r . m - 0, i!, ±2, and i3. we harc 

sñ 0- nUU - m|(0,I904 mV(5.1H m)| -0.03676W 

m -0: sin 0-0, wfe¡chgive*f?-0* 
ui-xl:;un0- 1(003676X1), »hicb give»tf-*2.1i* 
flt - 12: rin 0- i(0.03676H2>. whjch gira 0- ii.22* 
n - .t.V «ii 0 - M0.03676H3K whjch gira 0- ±6.33* 
?í5JHmlnn(4.65 A 



- L2KW.m* 



<c> / -/.tW(fíÍÍ) - (2Q0WWW 

EVALUATE : Xoticc Ihai %in& increpe» in ¡nteger alcpi. huí 0only ¡rkacasei in integer Mcp* f«r «malí f> 
35.23. (a) Iiumikv ISl i l fp: Thc mínima are located at anglci 0 gívenby d**nO-\ mr— \Á, Thcfincl 

correspondí k» iw-0* Solvc for fí t Thcn thc duiancc on thc ierren i* y ■ R tan 0* 

EMiruTE: sinú- — - P ■U7xl0" > and 0 = 1.27x10 1 rad 

2J 2(0.260x10 ' ni) 

y = (0.700 mTtanll-27-10 ' md>- 0.HH9 mm. 

tb) locvnn and SEr Un Eq.(35.l5)givcnrae ralcivuty /as a funclion of thc position ron thexcrcen; 



r _^_,660.10-m H 0.-00.n t _ vn|nm 
4J 4(0.260x10 1 m) 

E VALIATE: S-SJ2 al a poím on thc nocen midwav bctwcen whcrr / - / ft and /-0. 

35.24. lofvnn: Eq.(35.14): / = / t cos a . 

Str UP: Tbc ¡tfer&iiygoe* lo irrrowhcn me cocine'» argumcni becomen an odd inicgcr múltiple of ^ 
ExxrtfE: — ■ i .. * I'2)t gne* d%\a0 ~ Á\m + [ 21 which i*Eq + (35 + 5> 

EVALUATE: SectÍon35J iho*^ thai thc tiuvimum intcmiiv chreelium fram t-q.(35,l4>agrccmlbflcj.(35.4t. 

35.25. Iüt.\ i i>m Thc inlcmiiy dcercaie& ai wc mmí a\vay frum ihe central ma\tmunt 

Suj Vfi . . lemity n givenby i-i t cca I ^ I. 

EXCCUTE: Finí ñnd thc wavclenglh: ¿ -af- (3.00 x 10* m *VI 12.5 \Uíx) - 24.00 m 
Al thc larthcm thc recciver can be placed, / ~ />'4, *hich en. ei 



Execuie: / = «y* ^[^211=1 



The jolution* ak vd\£R - *3 and 2r'J. l"«ng *% we get 

v - ÁJt/ki- <24 mKíOO ra,Y|3(56.0 m» - 71.4 m 
It mtixi rcmam ttíthln 71*4 m of point C. 

EvauaIE: t'smgnrtfi ■■■"ÁJí ~ 2.T.3 give* i ■ - I42.K m But lo rcach tht* point. thc recciver i*ould tuve to go 
beyond 71 .4 ni ftom (\ whcic <hc *ignal would be too weak* *o this *ccond potnt is txH posvible. 

2x 

$$.26. lot-ViiH: TTic phaic dilfetence t> and thc pjth dilTerenee r - 1 4fí rclaicd by rf- <f¡ — iO . The mlcnurv is 



' 2 

le: ^ * ^* 5 £ - 150 m . m>en thc recciver mcarerc* aro inttiMttv f 0 , ^«1. 

1-Anui: u) ¿-~l(r-r)- ^ (Lftm)-4.32 ral 
A 2.50 m 



EVAUIATE: fo-r*) i*gre*ierthan ^ ' 2, loone mínimum tuu been pai«d a* ibe reccíver ¡* moved, 

.15.27. Id¿viih: Conadcr interlcrcncc bcrwccn rayi rcflcctcd úX thc uppcr and lotvcr *url acc* of thc film. Considcr 
pha&c difterenee duc lo ihc path dilTerenee of 2r and any phatc difTcicncc* duc (o phatc changc% upan rcllceiion. 
Si r Lip: Coreidcr Figure J5.27. 

Bothrayi<l)and<2) 
undergo a I pha*e 
chanuc on reflection* to 
ihcie a no nel piase 




the condiiton fot 



Henre 35.27 



EXIXUYE: f ; thinnc*i filmaay* «1 -0 *o f =— 

2 7 4 

¿■■^-■di^-A— M0, " g *".LMi,|g*,.|M M 
1.42 4(1.42) 4(1.42) 

EvajjatE: Wc compared ihe poth dilTeienee to the wavclcngth m the film* lince ihal t* uhere the paih 

dilTerenee oceurv 

.15.28. Idevtift: Reajuíre deitrucuve inlerfcrcnee for lighi rctlccledai the front aitdrcariurfrcatof ihe film. 

Si.r L e: At thefronl surfacc of ibe film, lighl m jii i n - 1 .00 > rcllccb from thc film ( n - 2.62 ) and racic i* a 

. Su ph.i-j -1. j:t Jl:^ \\;¿ r.-tk.i.--. M'Uc *:.A: Mii:'ik\- •iú-, \ü:v. \.A-\ 1 iht í":Ini 1 u : h >: wiltt'tN ¡rom 

gtau{it -K62 )and there wnophaieshíddue torcllccubn Therefore, there ii a nel ISO' phaie dilTerenee 
produeed by Ihe retlccuooi. Tbc path dilTeienee forthese rnHi rayi b 2i. whete J ú thc thkkne» of thc film. The 

505 nm 

w:i\e)cnfjih ínthe ñlm i% Á ■ . 

& 162 

Exixi'TH: (1) Sinee Ihe rcllccnon producen a net ISO 1, ph» dlífcrencc, deilrueúvc interference of the reiketed 

hght oceurt «ten 2j - má , t ■ J 505 nm j_ (o^ j nrn^ . Thc mínimum thivknc» ■ 96.4 nm. 

( 2(162| ) 

ih) The next Ihree ibicknc»ei are Ibr m - 2 . J and 4: 192 nm, 2X9 nm and ¿86 nm, 

EVALUATE: Thc mínimum ihicknc*» j_% for r ■ Ai'2/j . Compare thii to ProMetn 15. 27, i*bcre the mínimum 
thicknc** Ibr o^slnjcllvc inlerfcrcnee h r - X*4*t . 
.15.29. lof.vnFY: Tlic fringe^are produeed bs r inlerfcrcnee bciween líghi rellccicd fmm ihe lop jnd botlom iurfjee% of 
the 411 wedge. Tbc rclractivc índex of glu»s u greater Iban thot ofaír, xo the wave» rcilecled fmm thc topiurfocc 
«f ihe alr wedee have no rcflceiion phatc *Uift aml thc wa\e* rcllccied fmm ihe tnitom ^urfaec of ihe aír u-eduedo 
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havc a half'cyclc rcflcction phasc shí A. The modillón lar comtniciivc intcrfcrcocc itinulit fringcs) is ihcrclbrc 

Si:f Up: Ihc gcometry of ihc air wcdgc is skeichcd in figure 35 + 29, Al a dtstancc t from (he poluto! contad 
ilic xwo piales* Ihc Ihickncss of ihc ¿ir wedge is L 

EXECiiYE: uní?-— so .* - xtanO. t„={m+ ¿¿ . j.-(m+1) — - — and ■<n+¿) — - — . Thc 
x 2 * 2lan0 2bra0 

k LOO 
along thc píate bctween adjaccni fiingci is Ax~x — x - 15,0 frinccs'cm and 

2tanf? At 

Ar* — -0.0667 cm. Ian0-_d_- 546x10 m = 4.09x10* . The angle of rhe 

15.0 JnagcKm 2Ax 2(0.0667x10 ' cn> 

4W*l0*rad = 0,02M & . 

E Valía TE: Thc fringes are cqualk spaceit Arb independen! ofitr. 




FiCure3U9 

35.30. lD*\im; The ftintíes are ptoduccd bv inicrfcrcncc berncen lighl rcllccicd from ihc top and Iram ihc boltom 
surfacc* vf thc air wedge. The rclhtcine índex oi'p.la» is greater lian thai oí air, to thc mwi rcflcctcd from rhe 
top Mirlacc of thc air w:dge bave no rrflcction phasc shill and thc waves rellecied from thc botlom *urlacc of thc 
air wedge do have a half'cyclc reflectiun phasc shilV Tbe condition for corormclivc tntcrfcrcnce fbright frutee*) 
therefore» 2*«4*+i»*. 

SO UP: Tbe gcometry of thc air wedge i% skcichcd in Figure 35 ja 



ExmiE: 



-i, i- 



10*. tm0mLm r-ffJBKfCV- r»"(*+i)4 



100 



2|H.89xlO') 

3 



2|K.*WxlO') 
&56xl0 - rn 



The di siancc alone thc píate bctween adiacent fringes 



r_ . ■ — x 



2(8.89x10"') 2(8.*9xl0 4 ) 
1.00 



-3.69*10 m - 0 mm . Thc numberof frince* peretn u 



= 27,1 Irmce* -ero. 



EVALUAIE A* t >0 thc ¡ntcrícrcncc b dcsnwivc ¿md there is a dark fringeat Ihc lineof coniact bctween thc 




3SJI. 



Finiré 35 JO 

iDtxnrv: Thc lighi relkcicd from rhe lopof thc TiO- ñlm interfctcs i*iib ihe üghl rcftcctcd ftom ihc i 
ltIjm turfacc. Thcsc naves are mil of phasc duc lo thc paih dilTerenee in ihc film and ihc phasc diflcrcnci 
hy relleelHm. 

Skf L t P: Tbete (s a >t pha%e chance at ihc TtCh uirface hut oone al thc gla» surfacc* so for dcstructi^e 
rnterference Ihc path dincrence mmt he mk in rhe film 

EXIXtTE: (a)f alknc TÚte thickncss of (he film uivc* 27" - , uhkh vicWs T - m^/UnX SutvIihJling ihc 



T-m (520.0 anV(2í2 62)1 - 99 t 2J?m 



Irttcrfcrcnce SM 



finad be ercatcr than 1036 nm. *am - 11. whkh gívc* r- 109 1.6 tiro, «mee wc wam" to know Ihc mínimum 



AT- 1091.4 nm 1036 nm- 55.6 nm 

ft>)(¡) P»lh ditTcrence -27- 2(1092 nm>- 2184 nm-2lR0nnv 

.: u-, '..i'.. , inri* i.: .i : i : I98 + S nm. 

Pjtb dtfTcrence - (2180 n)-( 198.5 nmV*avelcnglhl - 11.0 uavelengtow 

EYalíaTE: Bccauac ihcruth dilTerencc in the film i» ll.OwavcIcnuIh^ihcligbirclWctcdofribelopof thf film 
wül be 180" oulof pha*c with (he light Ihal (ravclcd througb the film and wa* rcflcclcd olTthc gla¡u duc to (he 
phose chance al rcflcclion oíf (he top of (he film. 

35.32. loENTirv: Conudcr the pha*c dilTerencc produced by ihc path dilTerencc and by the reílectionv 1'or dcstructive 
tntcrlcrcrKC ihc loial ph&tc dilTerencc u an ¡rtlegcr number of half cycles 

Sir l e: TbereflccIiimanheiDp&urÚKieof (he film produce* a half-cyclc phasc *hili- Thcrc ¡* no ph» *hilt at 
(he rcllcciion at the boitom ¿urfacc. 

1-aui it; (i) Sincc Ihete ii a halPcvclc pha*c ihift at just onc of ihe mtetfaecv (he muumum thickncu for 

. - '- S50iwn „_ 

vam.iruciive inlcnercnce ts f - — = — - - 74.3 nm. 

4 4« 4(1 £5) 

(b) The next ¿mallcvt thickncu Ibr conilrucúvc intcrfcrencc i» with another half wavclcngth thKkncu addcd: 
4 4it 4fl.B5> 

EVALUATE: Note thit tve muM compare ihe path dilTerencc to (he wavckngth in (be film 

35.33. iDEVnrY: Conudcr the intcrfcrcncc bciwcen rayi rcflected from the tw« surfaec* of Ihc wap film. Strongly 
relWcicd mean* con*iructiYC inicrfcrcnce. Canxider pha>c iblTerencc duc lo the path diflcrcncc of 2i and any phaic 

ikc duc to pha>c chance* upon rellcchon 

Thcrc bi 1R0 : pha*e 
change when the light t% 
reftccied from Ihc ouuidc 
*urfacc of the bubblc and 
no pha*c chance when (he 
light b rcflected from (he 
# - i up W iiwide *urfac< 

litare 35 J3 

EXECUTC: The rcflcction* produce a nci 1 SO 1 pha*c diflcrcncc and Ibr there lo be confflructivc inlerfcrcncc (he 
path dilTerencc 2i musí corretpond lo a balf-imcgcr number of xvavcleniíths (o compénsate for (he /. 1 2 ¡diilt duc to 

the rertecuon». Iktice the conduwn for c«iitnicti>^ inícrferencc a 2t a^M<rijfi t /Al.M>« < U2 < ^. Ifcrc ^ & 



[*) Set Up: ConNider Figure 35.33 




(he wavclength in ¿ir and nt » the wjwclength in the bubMe* ttherc tbc path dilTerencc oceur^n 
2/it 2(290 nmHl .33) 771.4 nm 

^ = — r" — = — — 

2 2 2 

for m -0. k - 1543 nm; Ibr m - h A -514 nm; for m-2< A - WíSnm,. ., Only 514 nm i» io Ihc viniste región; 

(he color for (hü WAvelength i* creen. 

_ _ 2/it 2(340 nm«L33> 904.4 nm 
(») 1 * j— 

m + 2 "*2 m + 2 

lor "i - 0. A - IS09 nm, Ibr m - 1* A m 603 nm: for m - 2, A -362 nm Only 603 nm ¡i in the vmbJc reuion; 
(he color ibr (héi wjivclength tí orante. 

EVALUATE: Thcdomiiuint ce4orof Ine rcllccled ligbi dependí on the ihickne»of the film* If the hubbkhaN 
vorying thickne»4l diiTcrcnt poinlí^ Ihcic potnti wül anpear lo be dillercni colon when (he light rcflected from 
(hebubblei* v>ewcd 

35.34. lotviu^: Tbc number of i*a\es along Ihc ru(h ii ine pam length divided rn + the wMclengtn. The paih 
dilTerencc and (he refteetion^ determine (he phaAc dilTerence. 

5i:r Up: Ibepath length h 2s - 17.52 * 10* m The i*^\«lcnglh in the film i* X -— . 
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, 64S nm _ 2/ 17.52x10 * m ,„ 

IaeClte: (a) >ii -4S0 nm. The number of «aves u — = -36.5. 

US Á 4S0*l0*m 

(b) Tlic palh dilYercnce introduce a ¿i'2,or 180" , pha*c difíeren^e The ray refleeted at ibc lop *urfacc oflhe 

film undergurc a ISO" pttuc Oiiit uptm rerlecimn. The rcJWction 41 Ihc lowvr surfacc introduces no pha*e ihift 

llnih ray* undergo a I Mí phxsc *hift T eme duc lo rcflcction and onc due to rcuection. Tbc tao efícet* cancel And 

the ti*o ra y* are in phasc ihcy leave ihe lilm. 

EVALUATE: Nota ihxt mutf ute the tt-avclcngrh in the film lo determine Ihe number nfwave* in Ihc film. 
.15.35. lo* \ m v Rcquirc deitmciivc inte» fercnte bcrwcen lighl rcflcclcd from the two point* on Ihe detc. 

Sef L t p: Both refketu>n\ oceur for wmei¡ in (he ptaclic ¿ubstrare relleciing rrom ihc rcflcclive coaling* w thcy 
both have the same phw shilt upixi rcrlcclion and ihe ctindition (or deitrutiivc inierferenee (canee Hat ¡onl ti 



2j*{m+j)Á , whcrcri&ihcdcpthofthcpit. . Ibe mínimum pit depth is for m - 0 * 

, ¿ * 790 oro 

EXIXLYE: 2t -— j = — -1IOnm-0.il/im. 

2 4 4* 441. S) 

£ vállate: The palh diflcrerxe oceurs in Ihc plaiiic sutuiratc and »c muit compare the wavcicngth in (he 
¿uhttratc to the palh dilTcrcnce. 
35.34. Id&vtift: Conudcr lighl rellcctcdai the from and rcar «urfrcc* of ihc film. 

Sef Up: At incfrcrtl ¿urfacc of Ihe filrrv lighl úi ¿ir l n - ] <H) ) reflecte from the film i n - 2.62 > and ihere i* a 
ISO' pha*eihiftdue toihe rellcciton. Al the baek ¡turfacc ofthe film. Iight m the film ( n - 2.62 ) reflecte ft«m 
gtau<ft-1.62 )and there ix no pha*e ihiftdue toreflccüon. Thcreforc. there ii * nei IKO' pha*e diiTcrcncc 
produced by ihe rcflccbonx. The palh dilYercnce for thcac rwo rayi i* vf. wherc i n the thic&ncsu of Ihc film. The 

wavcktigth m the film t% Á - nm , 

2.62 

tXECi TE; (i)SÍnce Ihe relIcelHm ptudueeítanet ISO'' ptusc differenee. deirmclive interfererxe ofthe reAccted 
Jight Dccun «fien 2/ * má . f - <nj ^^ fr Tf j " '^ +< * 001 ^" ' mínimum ihicknesc ra 96A nm. 
<b) The next ihree ihiekneiftei ror w - 2 ♦ > and 4: H2 nm. 2X9 nm and 386 nnv 

EVai.i ate: The mínimum ihickne» b for f - ¿*2«. Compare thiito Probkm 34.2?. wiwre ihe mínimum 
thieknet» ror detrnMritve inierferenee i* r - Át4n . 

35.37. lOEMin ¿ihlSEFUf: Apply Cq.(3^Hland caWuLite i for íit-lSOft 

BHCUTC: Eq.O$A9Y> y-m{Á '2>- 1HOO(633«10 * m)/2»5.70»cl0"* m -0.570 mm 

V \ \i i ate; A wnall di&pUcement of ihc mirrorcorTeipondi tn rrany wavelenvthi anda Urge number uf íringci 
eiDia Ihe Une. 

35.38. lotvnn: ^\pply 1-^(35.19). 

Si:r Vwz m - SIS. Sinee ihe fringei move in «ippo&iie direetion^ ihc lwo pwTpJe mu\e ihc mitrar intippmite 



ExtttTE: WFoc JBVlbclotalihíft w y t slB < 606 ^ 10 m> ^2.48^ IQ^m. For Linda, the touUhift 

^^1^.02x10- m) 

"2 2 
(b) The nei dürdacemeni of Ihe mirror t% Ihe ihrTerence of the ¿bove valué»: 

óy = v ( - j 1 = 0.24H mm - 0.205 mm - 0.043 mm. 

EVALUATE: The persoci using the larger wM'elength muve* the mirror the greater diitanee. 
35.39. Idkvttfy: Cocioder the interfeience bcrwcen light rerlecred frtm the *op and boitom surfacei of Ihe air film 
bcl*een the ten* and the gbw pLite. 

Ser Up: Fot máximum intenairy. with a nei half-cycie pmuexhttl due to refteciUtnx, 2f - j /n -» ~ \ A 



V-r *R * 4 =>r=^ -|_ j— j 



iMcrfcrciWc 35-H 



The sccond brighi ring i.* when m - 1 : 

<2(» + l)<S.»«» m>«a«2m> 



2 

So ihc diamclcr oí 1 thc sccond bright ring is I.K2 mm 

EVALUATE: Thcdiamcicrof ihc ■* ring ¡s pttttortional to J2m * I . *o ihc ring* gci eloser logether as m 
líwrtju-i. Thi* agree* with figure 35,17b in the tcxlbook* 

35.40. iDfcSTIFY: As foundm Problern 35.39. tlwradiuiof the <mth hnuht rag ¡& fw ^ . ^ 

Si.r l."p: Introducing a liquid belween Ihc lens and thc píate just changes thc wavelcngth from / ii> - 1 where n 

R 

ti ihc rerraetne Índex of thc liquid. 

l(2m + IUff r 0.850 
EXECKTE: r(if)* fi — 



2n "7" VI 

EVajl Alt: Thc rcfracúve índex of Ibc water is Icss than thaj of thc plu* píate* «o thc phasc changes on 
rertedion úsc thc same asnhen oír ¡s ¡n ihc *pacc 
35.41. Idímim; Thc liuiríd alten thc wavelcnwth of ibc litrhi and thal allccti thc locationsof thc tnlcrlcrcncc mínima 
Skf L t p: Tne ¡nicrfcrcncc mmimj are locatcd bv rf^iití'-<wti)/. For a liquid with refractivo índex u t 

sro0 te+4) wntf «níL lialL stníL É *iní> *in35,2l>* 

t\Ki Tt: ^- consianl.sn — . — ^ Ü»d a- — ^ = 1.730 

¿ rf -k» -t'* 

EvaLCAIe: In Ihc liquid ihe wavclcngib ¡s «boricr and un/' ■ tin + i¿ gives a smaller 0 iban in au\ for thc 



35.42. lot.vim: As thc brass i* hcalcd* thermal expansión will cause thc twosliis tornove farther apntt* 

Sef I'p: Fot dcitrocuve intcrlcTcrKc* */ sm 0- A h 2. The cbange in *cparation duc to thermal expansión istftr ■ 

avr*dT+ whcK i» is ihe dístance bctwecn Ibc *t¡t* 

l'AH i ri : Thc firsldark rringe is Md sin 0- ¿ 2 ^sin 0- ¿>'2d 

Cali rf- H'for Ihcsc cakulations lo avoid conJuskm with the dillctcniial. sin 0— x/2h* 

Taking dilTcrcniuls gives ¿flan M - lJi - 2m • jn,i ¿mfldff- - ¿'24rV4i*^ 

Por Ihermal expansión, ■ tr». t JT. uhkh givci eo*0d0 - - - - Solving Ibr i/r?gi>es 

2 h 0 2ir» 

Otf ¿ Mbiin ít- ¿2 * X — 2>i'i mmM SulMtituting thn quantity into the equation for^givci 



2»^cos^ í 

Thc núnus sign tclh us thal ine dark fringes move chncr logeiner* 

CvAJ.tATE: Wecan abo ice thal ine dark (Vinco move closc? logeiner because *¡nf?is proporimnal lo l.'rf, 
í/ mercase» duc lo expansión, 0 acercases* 
35.43. [jtt.Mwv fiath frequeneies will inierferc conitrucinery uhen ihe nath diiTcrcnee frum both of thcm is an 



Skf Up: Conslruciivc mlcrlcrerKe oceuts »hen sinr7~ ms. d* 
EXCCtTC: Firsl ñnd the tno wavekngth». 

-*» * *1\ * <344 ■ ■ i ■■ » I : , ■ - 0.3S22 tn 

i: - v/; - (344 m.s>( I200II/I - 0.2S&7 m 
To iittcrfctc conslnjctively al the same anglc. the angies musí be thc *ame, and henee Ine s*ncs of thc angle^ musí 
he cuual üaeh sinc is of ine form sin fí~ m?Jd* so wc can cc¿ualc thesinei togel 

m k (a3S22 tn) - mj(02867 m) 
m¡ ~ 4' 3 nti 



JM1 Ch*ptrr3í 



Síncc both mi And m; musí be inicgcrc, thc allowcd pair* of valuu of «n and m?arc 

m, - 0 

m, - 3, m 2 - 4 

mi - 6, w; * 8 

mi -9, m ; - 12 

ele 

Por mi -fli* - 0. we haw: 0^0, 

Fot m, - 3, m ; - 4. i** ha>* un A - (JX0JS22 »M«"> ir* givmg A - 

Fot «1,-6. un <\ - (6*0.3*22 mK(150 n*givmg 0, -6W 

For m, - 9, w ; - 12, we have *¡n - <9)(0.3H22 m»í2 .50 mi - US > luna anglc i* pouihle, 

E VALIA TE: Al certam oihcr ansie», onc frctiucncy will ¡ntcrfrrc coa*ir\Klivcly, bul thc othet wtll twi 



35.44. lot.Mitv f\>rdcrfruciivc intcrfcrcncc. rf 



EXECUTE: (ZOOm^ + ^-^t^mfiJ^j + 2a^m+ij-l. 

2O.0O0m J \( \\ in i > j t . c 3.0O*lífm;* et - 
.y - -J + Thc wavecnuth it cakuhtcd by A" — ■ — - 51.7 

II, 2\ 2Í * J / 5K0-ICÍH/ 

1 ■ — /* 



nt*0:j«76l nu m = 1 219 ir* ms 2: * *90.l m; *v - 3; **200 m, 

EYam:ate: For « -3* J -3.5/ - 181 m , Thc máximum posible paih diffcrcncc n thc «cparaiion of 200 m 
belwccrt thc *ourcc*. 

35.45. |p£\n*\: Thc rwoscraicbex are paralkl ¿litt* m> th: hclit thai pavtc* throufzh ihcm produces an ¡ntcrfcrcnce 
piitirrn. Ilowcvct thc ht-'hi i* iravdmc throu^h a médium iptaMlc} that w different ftom uir. 

Si t V?i Ihc central brighi fringe i* bordered by adark rringe on cach sidcof II. At ihctc dart frmgc%, tí »n 0- 
W Á n, where « i* thc rcfraclivc índex of ihc plástic, 

l'An i j i ; I'irsi uve ecometry to fmd ibc anales ai which thc rwodark fringes oceur, Al thc lint dark fringc 
tantf- [(5.82 mmV2H325D mmKgivng O- iO.0513* 
For dcsinxtivc inicrfcrcncc^ wc tuve d r > 1 » Á n and 

/? Át2Am rt- |632 SiunH2|000O225miumO 051 .v )] - 15? 
EVALiATt: Thc WA\ h clcngth ofihc lighi in thc pU»i»c \% reduced compared to whal ¡t would be in air. 

35.46. Id£niiky: Interfcrenec occun duc to thc paih ditTcrcnec oflight ín thc thin film. 

StF V?z Oneinally thc paih dslTcrcnec anodd mimber of hairwavelcnuthi Ibr carecllation tooceur, If thc 
paih dilTcrvnvc dccrcaws hy Y* navclengih, rt will be a múltiple of thc tt^avcleriglh, *o constmetive ¡mcrícrcncc 
wül oceur, 

ExiXLTE: Calling A7*ihc ihicknc» thal imivt be removed, wc haw 

paih dilTercoee - 2AT- V t X* and AT* Á 4n - (525 nmV|4< I 40» - 93,75 nm 
Al 4,20 nro'yT, we have (4.20 nm yr tí - 93,75 nm aml / - 22,3 yr, 

EVALt AYE: lí voü wcrc giving a warraniy oo lhí« film, you ccttamly could not giw il a "llfétime puarantec"! 

35.47. lotvnFY and Si r Vwz lf Ihc loul phasc dilTcrencc n jji mleger number ufcyelc* the inicrference ti conxinwiivc 
ar»d tí n ii 4 half'tnicgcr nuraber of cycles it u deilruclive. 

ExiXtTE: (m) lf ihc rwo %ource« are oui of pha*c by onc half'Cycle, wc muit add an cxm halfa haveiength lo 
the paih difVcrence cuuaixms Eq.(35.1 > and liq .^35 2|, Tbi* cxacilv cbanges onc for the oiher, for 
m-+m+± and w> ^ -» m, since m inanyinicger* 

<b) IfoncuHirceleadt thcoiberbyapruteangle^,lhc fraclkm of a c>dc diflerence n HiUNlhepath lengih 



Ibr ihc lwo sources muni be adjiatled for both deiiruciivc and conMiuctivc ¡nterference, by th 
So for^-oivtinx-iivc mi érenle: i; - r |m ■ ¿;2-».. aod for dcctructi^ mierfcrtncc, r,- r : = {m + ]f2 + +?2x}Á, 
uhercmcuchcaie ffl-0.ll.t2,... 

EVAUTATE: lf o - 0 Ibese rcoilti reduce to Eqv(35 I) and (35 ,2) 
35,48. lotvn*^ ; Follow thc xiepi «pccilied in the problcm, 

StíVfz U«e coi(Ar + */2)-c<M(íií)cM^ 2)-«n|ffi*)iioí^ 2), Then 

2vmi^ 2)&rtj<j/~¿ 2)- 2*Mtt* :i - ■:sirHftfíNii>:¿ 2kuti¿ 2i. Then u« ci» J W2| - 1 ^ and 



Iittcrícrcnec 35-13 



2iinf¿ '2}co4CJ' 2l- únc* Ttmgive* coit/t i • koMnOcmn» ■ ^(.íhmiít) ■ t c¿Hhl' i»¿>.iaing 

igain Ibc itie hlcotity Ibr the coxinc »f ihc Mtmof lwo anule*. 

Exi*CiiTE: (a)Thcclccinc fickl ixthcxuniof thc hvi> ficldi ¿nd can be mitren « 

^^(Ot^l^mlitftiÍRm^). r p (0»2£co*l¿ 2lco**r**l/2|. 

|b) A tn ■ Acos(&t i ¿ 2 1. *o comparing with pan ial. we *cc (bol thc amplitudeof thc wave (tthich i* alway*. 
poailive) muM be J>2£|cc4¿/2)|. 

(O IV- havean. ¡nrcrfercncc máximum. ^ - 2x™ . So. rbrcxamplc* uxing *ii ■ hthe rclative phaxc* are 



[dí To ha ve 



wave* jil: lii 



2 I 2 



. Ibr cxampfe u*inv tn - 0. relame phascx are 



A".: Ifc A : f>- %'* Jf. ^ 2-^ 2, and Ihc rc*ult¡ng wave i* oul oí phaxc by a quarter ufa eyele Iram bolh of thc 
original wave& 

(r) Thc inxianiancoux maunitudc of ihc Poynting rector i* 

|Íh V £;(i)-i^4£*«Dii*(*/2>«*W + W20. 



J ■ 1 r .i r i me average. coi ; (M*>/2i - so p ( J^2*v*£ cü* J (fV/2) 



EVALUATE: Thc tvsult ol parí te) xhow* ihai thc intctiMty al a point dependí on thc pha*c 
point ibr the wave* (toen cach ¿ourcc > 
.15.49. lot ; Follow thc sicp* «pccilicd in the problcm* 

Si:r t"p: Thc dcfinition of hypctboU i* ihc loen* «f poutLi «ich that the difícicnce bctween Pu>S¡ and P loS, h 
a conxiant* 

(b) l'or a gíven ui and x. ¡V conxlant and wc get a hypcrbola. Or. ¡n the ca>c ofa.ll m Ibr a given k , a family 
of hyperbotaf* 

w v»'-<w>' - v«* •»>■-'>' - <■ * 

EVAUMTE: Thc hypciboUi jppnach «raighl linia at brge itauncc* Rom thc wiurec. 
.15.50. IDEVIIFV: Follow (he derivalion of Eq.( 15.7). huí with di flérciu ampl iludes 6* (he iwowavci. 

KMtlIW (mtfí -£*•»£>* -2£,£.«»<* -*) = £' -4^ .«'cmtf- 5£* -4£'coj0 



1 Thcrclbre. /-/ 



5 4 

9 * r 



(») fbc nm i* dwwn in limare 35.50. / — /. wh^h wcur* when# - n.T<fiiHÍ»li 



EVALi'ATE: The máxima and mínima oceur al ihc tame poinU on the wreen ai when ihc t-»wt viiuicc* nave the 
*amc amplitudc. but when thc ampliltxlefk are diltctcnt the micnfjly no kinger vero at ihc minima + 
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.15.51. lot-vim andSEF t'n Comnler ttlcrfcrencc hchvccn ray* reftcctcd frwn thc uppcr and lower *urfacc*of thc 
film ti> reble thc thkkrra* of thc film lo Ihe wavclerigth* for which Ihcrc i* destructiva mlcrfcrcnce. Thc therata) 
expam ion of thc film chantre* ibc ihickne» of thc film u nen ihe (empetatare chancev 

Cxnc i tí ; Fot Ihb film ttn ih¡* vli**, Ihere is a net Á >' 2 nhatc change due tu rcllcciion and ihe condition Ibr 
dcitruclrvc ínterfesenecb 2f -ju(¿/ji}. whete » - 1,750 
5mallc*t nonzero ihickncst b givcti by ¡ - Á 2n 

Al 200 C \í t - *^s:4 nm) i*:-l J50>J-I6M reí: 

Al 17CrCj^í5SH5nfnf |(2KI,750}|^l68lom 

tVAi.t ate: Whcn ihe film i* hcaicd iti thickncM inereases, and íl taLe* a laxgcr wawlengih m ihc film lo cqual 
2f*The valúe caJcuUtcd Ibr a i* ihe same order of magnitudc a* thosegiven m Tahk 17,1. 
.15.52. Id*.mi*y «uh! Sur Vrz At ibc m - 3br¡ghl fhngc for thc red lighl there musí he dralroclivc intcrlcrcncc at this 
same 0 Ibr the other waveleticth. 

ExKCLTE: For con-sirucirve mierletence: dunO - m^, ->dat\0 - 3|700nm) -2100 nm, For dcMiuctivc 

( i\ dúx\Ü 2100 nm 

¡nicrfcrcaoc; dsin0-jfli + — J^=^ ~ t — t * So me posible wavclcugthi *e 

Á. - 600 nerv for ib - 3, má Á¡ -467 nra forar «4. 

EVAUMTE: Boih d and O drop ouiof thc calculation *incc their combinaron is Ju&l the paih dalTercncc* whwh u 
the same £nr both types of hgbt. 



I . I 

SlLte / W,'2»ticn i* £ rad. *1 rad 

1- a i ttTE: Fral wcncedlo find thcangics ji whkh (he inieasity drops by one half from the valué of the At* 

bright fringe. i -^m 3 i—mo\-^^ — ñnO *i^i-(m + 1/2)—. 

^ .í / 2 A X 2 

EVAJ.l ATK: There ñ no dependente on the itr-value of the fringe, *o all fnmíe* al «nal! anglc* have the same 
haif^ídth 

.14.54. lotvnn ; Conwler the pha*e din«eoee produecd by me pjth diíTcrcncc and by the rcfkction* 
StF V?z Tbere ¡&)uit onc halfcyclc pha.se ehange upon rel1ctiHHi + *** fot ctmnliucme «nlerfcrcoce 
2; t^M, . «hete (hete WAvelength* are inibegb» Thc twodillerent «^velenglh* dilVer by jusl 

onc n; valué. «j_ u M t — 1. 

IV ( l\. „ _ 

p 2 i-. 2 ^ ai-A) 



2(S40 + 6nm*J770nmi \ 2) n 4(1.52) 

EVAUTATE: \ow I hit «e have i tve can calcúlate all Ihc other wavclenglh* for whteh Ihcre b comtniclive 
imerfetence. 

35.55. loiviin: Comadcr thc pha\e dirTeieoce due lo Ihe rath diflcrcncc aod duc tttthc rclkction of onc ray Irom me 
[ím %urfacc. 



[*) S* l t>: < onMdei Figure 35.55 



paih 

dilTerence - 

2-JPTP72-X 



Heure 35.55 



Ijucifcrciwc 35-15 



Sutcc thcrc u a I SO" pha%c chance for thc ictlcvWxl ny. thc condal nm for contfructivc ¡ntcrfcrcncc i* path 



dtlTcrcncc , w t - p. aod thc concation WdMtinM inicrtérencc u path diflercnce 
(b) EXKCUTE: Ccmtfructivc ¡ntcrfcrcnee; + i \¿ ■ -Já^T? - x and ^ - 1 



I 

" + 2 



Lonectf / i* íor 



«-O andLhen X - 2(V« Í + x* - *)-2(j4<0.24 mi 1 * (014 mf -014 ro| = a72 ra 

EVALUATE: Forsi-0.72m ihc path diffcrcnce i* AÍ2. 
.15.5*. lo&viin: Rcqiurv comaructivc intcrfcrcncc for (be rcflcciton from thc top and botlom «urfaecs of cach 
cytontatm layer and cach guanme layer 

Skf L t p: Ai thc walcr (or c)topla*ml toguaninc ¡nicrfacc* thcrc is a balf-cyclc phatc *hiít for ihc rcttcctcd hulit* 
but lacre i* noloncat thc guanme tucyiopUtm micrfacc* Thcrcíorc thcrc will ahva)* bconc halfcyclc phan* 
di ITcrcncc bcrwcca two ncighborwg rcllcclcd hcamv. juit duc (o Ihc rcllectioni* 
EXI tllE: Tot thc euamne la\"cr*: 

2 * <w+;> (flit^) 

For Ihc cyioplauti lacera; 

(h) Hy Kivlnjí mam' Layer* ihc rcIlcciKin i* sttcn¡7thcncd. bccauic 4t cach ínterface tome more of thc transmiltcd 
tight gcti rcllcclcd back. incrcaMng thc toial pcrccniagc rcllcclcd* 

<c) Al dilVacnt anglcs* thc path lengih iti thc Uvera chango* (arway* io a larger toIuc than thc normal incidcncc 
case). If thc path Icngth change*, ihcn *o do thc wavckngth* ihat will interfere contfructivcly upon rcllccikm. 
EVALUATE: Thc thKkncu of Ihc guanme and cytoplasm layerx are invcrscly ptoportional id incir refraclive 

Índices j~jr^~ - |^ 333 J * *° ^°*h kród**^ l*yen produce cocutruclivc ¡nterfcrcikcc for thc same wivclcnglb ¡n air 

35.57. lotvnFV: The *lil* mil produce an inlcrfcrcncc paitcrn* but m thc licAiíd thc i^á^lcnglh of ihc light «ill be lev* 
than it was in air. 

Si:f L t p: Ihc firwi brighi fnngcoccuM when J*¡n 0- tín. 

I \n ' a : loiir^iolHO^- k Jn ihc Itquid: Ainl2.6 D - X'n. Dividing the cquaiiona pve» 

Evalí'ATE: U tta> nol nccc»ary h lo knon h Ihc «pacing of ihc dit*. %incc it wja the sime inboth air and ihc liouid 
35.5S. Ioiviim: Conudcr lighi rcllecicdai the top and boitom «urfacci of ihc film. Wa\ elcngih& that are predominaní 
in Ihc traiumiitcd light are Ihosc forwhkh thcrc k dctlruciivc mtcrfcrencc in ihc rcllccicd hght 
Su l.p; for thc wftvc* rcllccicdai the top mrfacc of the oil film thcrc i* a half-cyclc rclWcilon pha*o dnft* For 
thc wavcft rcllcclcd al thc hotlom mrfacc of thc oil film thcrc i« no rdlcciHm prunc nhilV The condilion for 
canáiructive inlerfcrcnce ü 2i -im-* ±}Á * Thc condibon íor dcstrucü ve intcrfcrcncc \% 2( - mÁ . Ihc range of 



visible wavclcnuth» t% approximalclv 400 nm to 700 nm + tn thc oil film* Á - — 



, . , A. , 2m 2(380 nrtiH1^5> I102nm 

ff-0: -i I: ^sTJSnni . m - Z : >. - JJl nm m-3:Á (p -3l5nfn. Thc visible 

wavcfaigth Ibr which ibcrc i* contiruclive tnlcrlerencc in thc rcllcclcd light U 441 nm, 

<t>) 2tmml*mÍL: A*- — - 1102 " m ai - 1 : x, - 1 102 nm , *» - 2 : Á, - 551 nm = 3: -367 nm 

II -rom 

The visible wuvclcnuih for which thcrc w dcitmciive imcrtcictkcc in Ihc rellcctcd lighi \* 551 nm. Thb U the 
visible w a\elcngth predormnant in thc tranoruitcd lighi . 

EVaLItaTE: Al a particular wavckngth thcxumof thc mlcniiiics of ihc rcllcclcd and irammiticd light cquab ihc 
intcn&íry of ihc íncidem light. 

35.59. (a) Iih ntii v: Tbc wavekngth in inc ghs* h decreaicd by a factor of 1 X *o for Jichi through thc impcralH a 
%honcr path \* ncccfcd to produce Ihe ume pha&c al the ierecn. Htcrcforc. the intcrlcrcncc pattem t% *hi:u-d 
downward on Ihc sciccn 

(b) SKI UP: Cimiidcr ihc tolal phaic diiTcrencc produced by Ihc palh Icngth diHcrcncc and alio by Ihc dilTcrcni 
wavcktigth m thc 



»J< ChupttrJÍ 



EXCCDE: Al 4 pwm oo ihc wrcen Iccatcd by thc angle thc diflcrcncc in paih length ú dñnff. Thü 

-¡— — jí^Hn^X when ta Ibe wavclcn£ih ofthc lighi ín ata orvacuunv 

In thc thicfcncKt 1 of gla» ihc numbcr of wavctcngth* ta — , A correipondimt length ¿ of thc nalh ofthc rav 

X ^ 

ihrough thc IowctmIíi, ¡n air. contairu £ wavclcngthv Thc plmc ditTcrcncc ihta introduce* ta 

f ni i 
^■2d — -— | i 



¡ííM^i.i.. .kMnicwf 2-íl and *>2-m, nt-0. ti, ±2,— i.t ^« t /mi/^ ¿(j?- 

l- \ u mi! : Whcn I. > 0 o* w — ► 1 Ibe ctTcci of ihc piale goc* away and ihc máxima are located by fc|*(35*4)- 

35.60. linMJh: íXirt fringci occurbccausc thc paih diffcrcncc n onc-half of a wavclcngth- 

mi Ir Al thc finí dark i i . ; ' 1 Tbc inteniity at any anglc rÍBgiYenby ui^^^j 
(a) At thc finí dark tange» wc have 

¿sin 0-¿2 
drt-2|2MnlS.0*>-l.93 

Ti/sin í ] 1 

-arceo* -71.57*- 1249 rad 

Uring Ihc rciull frompatMa).that*f.x - 1,93. wc bave a<1.93)on 0 - 1.249. »n 0- 0.2060 and 

EVAUUYE: Stnce thc fexldark fringci oceur al US.íP. ii ta rca*onable that al ~12"iheinicnMty tarcduccdlo 
oiuy 1'lOofit» maximimcctiiral valúe. 

35.61. Idímim; Thcrc ate iwocífccrs tobe coniidcrod: firsL trie expansión of thc rod, and sccond. thc change in ihc 
rod*s refractive index 

SCVtte ¿-¿¡-and Ait-iU2,50*IO *<CV)Ar. AL-Í,<5.Ü0*10* (C*)''W. 
n 

ExutLfE: Thc extra length of rod rcpiacci a htlle ofthc air ro ihai thc change in thc numbcr of wavclength* duc 
lo ihisn givcn by: x * . ■ — — — * — - — ■ — — and 

É 2<1.4*MHOO3OmMSM>*lO\^l5,O0Cn ( „ 
Att. ■ 1 ■ 1.21 

Thc change in thc numbcr of wavcLcngilu d\ic lo ihc change in rcfraciivc index of thc rod ta: 
M t , ^¿-A , 2(2.50x10 ^K5.O0C^/minMÍ Wnién)(O.O3QOm 

* A, 5.89*10 m 

So* thc total change in thc numbcr o f wavdcncth* ai thc rod expandí i* AjV - 12.73 + 1.22- 14.0 frinccvmi 
EVaUtaTE: Boih clTcctt increaw ihc numbcr of wavcbngth* along Ihe length of ihc rod. Both AI and 
Art^arc very «rnall and thcrnoelfecu can he conndered «cnaraiely. 

35.62. lOEVnn : Apply Sncir% law lo thc rcrraciionat thc twoiurlace&of thc prism and S. serve a» cohcrcnt 

ftÁ 

so thc fringe «pacing \% Av ■ — . wbcre tí » thc di&lance bciwwn S | and S . 



SEf LP: Fot tnull ingles *¡n0 * 0, with 0 exprcwcd ¡o radian^ 

EmXi te: (i) Since we can approxiiuitc Ihc anglc* oí incidente on ihe pcitm a* being imaU. Sndl'* Law icll* 
u*(h4(an inciden! ingle of 0an ihe flat «ide of inepritm ctaen (he prismai mangle of tf/n. where « »ihe 
índex of refraction of thc priun. Similar Ivon Icavmg ihc pristh ihc m*going Jingle u 6in- A from ihe nocmaU 
uh! thc outgoing ¡ingle, re bu ve to (he pmtn* is n{Áfn * J) + So ihe hcam Icaving thc pri&m i* al an angle of 
t* - Mitin - A llom ihc oplkul axi* So íí -íí' - <k - LM At Ihc plañe of Ibe *oun:c S ( . we can calcúlate ihc 

heightofone inuge abovv (he sourec; ^ = \.uj0-¿f}a » {0-(f)a *{*-%)Aa^d *2aA{n-\Y 
Ib) To find ihc «fiacing of fringci on a icrecn* we u*e 

Ar - — — i i L5 / * 10 ni. 

J 2o4(n-l) 2|0-2OOm>(J. 50-10 radl (1.50- LOO) 

EvAi-LATt: The fhnge *pacwg ¡* proportional lo tbe wavcfcnirih of (he tight. The bipnun serve* ai an 
lo lwocloftcly *paccd tum»v *lrbv 
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VI. iDEVnrv; Lse y^KXmO K>tak-utac 



Bq436¿): «n* = — ( m = ±l. ±2.„. 

ba*lcfae*)mBgure3óJ 



equráonlocakruUle A 
SET Ur: Tn* eencr.il 




tbe lini mínimum. Tne mínima are Incaled by 
■=1 and «n¿í=^/it and Jsañq. Uwlhta 

EXECCTE: V.=*Untf 



ian* 



135x10° m 



= 0.675 xIO" 1 



100 m 
Él =0.675X10° rad 



36 .1 

Á=aúa0 l ={0J50X1CT* m)*tn(Q.675xKr* rad) = 506nra 

EVALUATE: & t b mull *u roe approxirnaliüo med (o obtain Eq.(36 .3) i» vahd and thU eqiution could tuve been 

iDCvnrv; Tne an«le ta small. *o y m = x— . 
SET UPt h = 10*2 mm 



xÁ xÁ (0.60ÜmK5.*l6xHr , m> 
EXEtTTI: * = — ->a — =i — . .11" 



10.2x10° i 

EVAUATC; Tbe dif fractioo puliera i* obaened al a dtataoc* oí 60.0 cm frora Ihe slit 



36.3. lOtvnfY: TTwtofcrriiige4a«locate<latanglwtf üwi «*i»fy «n^=— . «=±L ±1 — 
SET Up: The largesl valué of |ianc?| ta LOO, 

a 04666x10° m 

: (a)Solvefor m (huí corre tpoodi to *in0 = l : jn = — = — * = 1138. The larden >ilue 

A 585x10"^ m 

noluvebll3. «=±1.±2 ±113 giw 226 da* tange* 



EvaixaTE: When (be wtflb a ta decreawd. mere are 

tutnplctely 51b me Kne 



£=±83.0". 
darkfrinues Wben a< x tbere are no thrk 



36.4. iDtvnrv and SET UP: Átah ver > ¿malí. *o (he 

bclweca Che two darfc lringe¿ on eilbei wle of Ibe ventral máximum ü 2y, 

W (633xl<r* m)(3J0ra) 

EXECVTC: v.= — = - — — -IX = 2.95x0 ra = 2.95 mu 

71 a 0.750 xlO^m 

Ev Alt" ATE: Wben a ü decre**ed. tbe wvjib 2v l oílhecentral 

36.5. IDEVIIFT; Tbe rmnima are tocaled by siar?= — 

a 

SETUP: tí = 12,0 cm. 1 = 40,0 



y =R— ta aecurate. Tbe 



36-1 



k . í 9.G0cn 



I m 1 !=4S.6°. 

UJ t 12-ODcm . 

So (be ditfance froro tbe ceñirá) roaximoro lo the ftnt roimroutn u just y, = x tan 0 = 

(40.0cm)1aa(4S.6 4 )=±45.4cnL 

Evautati: 2¿/a ú greater (han L joooI) tbe ■ = 1 mUmm i» taatl 
36*6. locvrmr; The angle (bal lócate* tbe finrt diíTractoa mínimum <m one side oí (he central máximum i* given by 

«ní?= ¿ Tbe üroe becwcen cre*t* i* Ibe per»od F. / = ! and A=j. 
SETUP: Tbe ümc betweeo cretf* b Ibe peood. wT = LOh. 



">' = rror IOh • J= 7 = Toh- =80l>b -- 

(b) Mrica-Ajrtarcbea: «og = 800 and 0=10.2°. 

4500 km 

800 km 

AustraUa-Antaicuca: and 0 = 115 . 

3700 km 

]■ s ai.late: Diffijcbto eíTecU «re ob*erved when ibe wavelength i* ¿bout (he same order of ma¿?nilude as tbe 
dimeiuioiis oí tb; opening ihrwgfa. which Ibe p&^. 

36.7. iDCvnrY; We can model ibe hole in Ibe concrete barrier a* a single %ht (bal will produce a single-sltt dülracüun 
paLtoro of ibe water waven on tbe tnOfC. 

SET Uf; Fot singk-slit diflracuün. (he anales al wbicb detfructhe inierference oceurs are pven by un0 m = 
wbere «1=1.2, 3,.... 

EXECtTE: (a>H í e£rei í ü«>cyoítbe*aler wavmb/=75.0 nÜD^ =1^5 =1,25 Ha w (hdr ^aveler^ i> ^ = 
(15X)crafcy(1.2SHx>=i2X>cm 

Al (he ürtí poinl for wtiich devtructjtv inierference ixvuiv we bave 
im & = (0.613 raV(3,20 m) -> 0= 10.84\ <i «n 0= A and 

a = Atan 0= (12.0 cmy(wn 10-84*) = 63.8 ca 

4b) fin! find (be angk» at whicb dctlructive interferenct oceur*. 

san r% = IMa = 2(12.0cmV(63,8 cm> -* r% = ±22,1* 

sin ft = 3 Ata = 3(1 2.0 cmV<63.8 cm)-tA = ±34.3* 

«n = 4AAi = 4(1 2.0 cmV(63.8 cm) -* £ = ±48.8* 

sm ^ = 5A/a = 5(12.0cmV(63.8 can) -* A = ±70.1* 
EvajXATE: Tbe*e are lar ge angfes. so we carme* uae ibe approximauun tbat & mA/a. 

.'■ i. . 8 . I [ i [ . m j - ', : Hie mínima are localed by sin0= — . FOT parí (b) apply Eo,.(36.7). 
S&Tür: Fot (he fiot minimum» m = 1 . Tbe intotwity al & = 0ú /«. 

EXEOTiT: (a) wn£= — =«n90.0* = l = — = -. Tho* a = ^ = 5SOnm = 5.80xlO J mm + 
a a a 

ib) Avronbng lo Ed.(36J). 



xabmeyA] 1 1 I ün(jr(»DJr/4)J 1 1 



= 0.lJft 



Evalcate: ¡f-^h.»-^*— 'J^¡^¡m =0J1. Al a) 



tlic aereen become£ nwire urníoiinl y 
lOKVnrv and SETUP: v=fA givt. ATTv: 

mtnum Tbe diíliaction mtmma are locatedby ñn&^mAfa. m = ±l ±2. Solvefur 6. 
EXECtTV: ^ = W/ = (344rtVs)r(1250Hz)=02752ra; a = 1.00mm = ±L tf = ±16CT; m = ±Z 
í?=±33.4*;m=±3. = ±55.6*; no wlutkm íor lar** 

EVALUATE: Ata =0.28 w for tbe lar^ waveleogth souul *avo dilTraclkiD (he doorway b a 
DUlraction «ouJd not be observable for vútíhle licht becau^e ib wavelength b much imalkr and ^/a >-l 
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36.10. iDCvrmr; Compare E f to rae expre*wa E t = J:^ ira(ta-or) jraddeterrnrae k* and Irora Atf 
/ =riX Tbe dait b«Kh are located by «n0 = — . 
SETUP: r = 300X10* nVv Tnefim 



=L 

e 3tfxKf 



ib> 



EVAlX'ATi;: fiw « = 3. — Ugrealer iban I boonly Ibe fircl and «eccoü dark banca appear 

1 

3é.U. IDI MJ.-vandSCTÜf: wn0=^/<í Jocato éé ftr*l rainiraura. >=*tün0. 
KBCV1B Un* = j/x = <36J cra>;(40X> era) and * = 4238* . 
a = ¿«u* = (620X 10"* ra)/í«n 42.38") = 0,920 /n* 

EVAum 0 = 0 .74 rad an J *rae> = 0 67. tú rae awrowrarfion un « 6 *uukl noc be 



36.12. 



i* 2y x , «> ^=3.00 



EXECVTV: (a) tt= — — =- , —=4.17x10^ ra. 

y t 3JMX10"' ra 

xÁ O50raX5.00xlCr" ra) . ,- wt „* 
reí j = — = 3 = 4.17x10 ra. 

ñ 3.00XIO** ra 

EvaLUTE; The rabo atÁ stay* craitfani. so <t b unaller *faen ^ i%»raaller + 
36.13. iDENnrv: Calcuhuc Ibc angula* position* o/ (he nmuma and fue y = x <aa0 to calculare Ihc 

sereeo bet»een mera. 

.i.St:rlT: The ceotral briglU frrage U alwwnraRgurc 36.13a. 

EXECUTE: The flfM 
rarairaurai* Iratedby 

0J50X10- 1 ra 
« = 1.809x10-* rad 



Figure 36.1341 

> l = *toa^ = (3.00ra)taiKl Wxl0 J iad)=5.427xl0" i ra 
H>=2fl =2(5.427x10"* ra)=1.09xl0"* ra=10.9 rara 

\y i M:r Vf: lbe firel brigfal lnn«c c* ooe ude oT rae central mawraura ü übown ra figure 36 J9l 

Execui*: 

>, =5.427x10"* m(pvtU» 
*ra6\ = — s 3.618x10 a * 

y^xüo^ = 1.085X10^ ra 

Pigro 36.13b 

w-ft-jl = 1.085x10-* m-S.427xl0"* ra=5.4 rara 

EvaoATaTE; Tbe central bri^ frimie i» C we « wióe w (be oraei bñ^ frrage*. 




.SETUP: Tberagle 0 i« inmll. no uní- Un*- y/*. 

P J™" í , 1 6.20X10"' l»)p.00m) ' ' 



v = 1.00xlO- m :£ = <ISWn '-' KIOO ' IOJ °' = 0.m 



' M H 0.7» í 



(10 y =3ffl>XlO J »:£=£^£^^> = 22» 



,.j^.^.„ lll 



w 



*i>d <b) are «ilhic Ibe centra) nuittraurn. > = 5,00 mrn u wiihin (be ftot *ewodar) 

36.15. (a) lDCTTtFY: Uw Bq.<3tV2) «iúi m = l lo lócate tbe angular rxmtkm oí Ibe ftnl 
j>= *lanff lo fiod it* dübncc from Ihe center of Ibe wwn. 
m;U Tbc dülractioa paUecn u *kelcne<l m Rgurc 36. 15, 

- . X 




0240x10 ra 
fi=2^Sx10 J mi 



FJgurt 36.15 

>■, = *taní\ = (3.00 m)tan<2 25x10^ red) = 6,75xl0 J ra =6.75 nun 

I b) iDEvrmr »d SET Uf: Un Eqi.{36,5) ar*j (36,6) to calcúlale Ibe ratctmty «1 IhU point. 
EXECtTí; Mktaay Wweco tbe cantee of Ibe central rnaxiraurn and Ibe fin* mínimum implie* 

y = i<6.75 nun) = 3.375X10- 1 nx 
* 3 ffl ra 



Ibe phase angle /J alibis point on rae saeen U 

^=j^¡ fl juig=^^^ 0X240x10^ m)«nflJ25xlCr 1 rad)=^ 

— - •[^h^^i^l 

J=(^j(6.00xl0-' Wta 1 )=i43xia 4 Wkn*. 

EvaIUTC; The intenuly al Ihü potra raid w a v bclwcen Ibe eenler ol" Ibe central roaürnura and Ibe ftntl 

U ka* tban balf ¡he niattraum inteuity. Cuojrwe Üm reara! lo Ibe corre*poDding onc for Ibe IwcnOrt 
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36.16. iDE^nrv: In tbe mi^^itit Jillr^ticm paiicr», (he intenulv b a máximum ai Ibe cerner and ren> oí tfae darV 
»poU. Al olber poitiü. it depend» on Ibe angle al *faith ooe b ohiemng Ibe 1: ghJ . 
SETUP: Dark friage* occur when *n tf. = m>to H *bcre »i = 1. 2. 3 and ibe intcnulv i» giveo by 

: (a) Al rae raixunura patrióle angle. &= 90\ *o 

= (awnW W ■ (0.0250 mraV(632.8 sm> = 39.5 

Sirra m rauvl be an integer and un tfrautf be 1. »w = 39. Tbc loUl number of darfc (ringe* » 39one*cfa vufe 
Ibe ceñirá! nwxunura loe x ttXal of 78. 

(b) The farthetf Jaik fringe » for m = 39. ¿iving 

= (39)(632.8 nmV(0.0250 aira) -> 8» & ±80.8" 

(c) The next clorer drf fringe occur* al unó^ = (38X632*8 DraV(O.025O rara) = 74.1*. 
The angk raidway lhe*e lwo extreme fringe* U (80.S f + 74. V \fl ■ 7745*. and ibe inreuwty al thi* angle b J ■ 

^l\.bere - ^0.0250 rara W7«') . ^ f< ^ 

#2 J ^ 



/=(830 W/m 1 ) 



^(1211^- , 
L2L15rad 



Evautatc; At Ibe ingle tn pjn fe). Ibe inietmly ia w low tbat Ibe ligbl would be barely perceptible. 
36.17. lOKvntY and Kct UPt UiwEq.(36.6)toc*kulaie ¿ luí uw &*{36 J) to cak*iUle /. 0=3.25* 
^=56.0^*1=0,105X10^ ra. 

(a) KXECITE; fi=\^\<tiiae so 



2^0.105x10-* m)*in3.25 



l.^ffil = J ^;4 W'2»»«J» ' M ^i l^f28.0rad)| t =936xl^/ 



372-1 



CM.0raü) 

EVAlt ATI; Al Ibe fio! roiniroum /í-2r rad and al tbe poin* coniidercd ta Ibe problera fi=\7ÜJT rad. «o Ibe 
paral U tfl ooraklc ÉM central ma.iimum Stnce /í clore lo iwr *ith «i = 18, Úús poiol i* ncar une of rae 
mínima Toe ioteoiitybere U muco hcti Iban I t . 

36.18. ItWVTTFY: Use £=£¡JfUin0 tu calcula» fi. 

9B Tn* total inlerwity i% gi^en by drawing u are of a cuck Ibal ha* length £> and frading Ibe kngth of Ibe 
eboed «hicbcoanecUlbe «arting ind ending poinUof Ibe curve. 

EXECtTt: (a) // = ^— — (f = l^LÁ. = e Hora Figure 36.18a. JT^-=^=?fi^=^^. 
The inlerudly üi J j / 0 = — ^=0.405 / f Ihb agree« wiih Eq.(36J). 

ik) tf~ \xn& = = 2ff. Ir-jm Figure 36.18b t it ti clear ihatihe muí loioliiude b zero, II U the inieauiv. 

A A d 



TbU abo agreet wiAb Eq.f36.5t. 

(e)/T=^Í5Íiitf=^iH = ^. ftoraRgure 36.18^3^=^=.^=^. Tbe inlen«ty u 



3M Cfcaptrr 36 



Jé. 19. 



KVAit'ATE: lo pan (a) Ibe poiol i* roidway Mwt» tbe cerner o/ che central máximum and tac finí 
la pul (b) (he poim ú al tbe fin* nuximum aod in (c) (he poin! i* &FT>ro;ura*tely al tbc locaCkm of tbc frort 
¿ecuaddf v máximum Tbc pbaior diagrama bclp illuitrate Ibc raptd decrcase m mleauty at sueeevnvc 




ti - u 




Ú- 3* 




SETUP: C«cca*tk.Düflhc 



Hpuc 36.18 

ItLe a siojíle ilil Mrl rM 1 1 t KtM (be radio 
■twn0=*M¿iit=L2. 3 andltacralemúlyoflbe 



tXECTTi:: (m)Firurindtbc^^kag(borihc 

Imc/fm (3.00 X 10* mil» 9 MHx) = 3.375 m 

Fot no ugoaL a sio 0= mX 

m = 1: tia 6\ = (1H3.375 raV(15.0 ra) -> e^ = ±13.0* 
n »2¡ lia ^= (2H3 .375 ra» 15.0 m) -> ^ = ±26.7* 
m m J¡ sin &= (3K3-375 mV(15.0 ra) - A= ±42.4* 
«t = 4: «ín A s (4X3.375 raV(15 0 ra) - tí,- ±64.1" 

*l ií/2 ) ^ ^ 3.375m 



r=(3-50W/ro i ) 



n aio<1.217rad> 



* 2. OS Wm 2 



217 rtd J 

EvaJX'ATC; Tbc wavelen¡?th oí Ibc radio wave* i* very compared lo tbat ol wibfc hghC but U U uill 
CQKxidcrabiy %borter tban tbc dúlaoce bebeco ibc buikhog*. 
36.20. iDEvnrV; Tbc nct ínleoüty is Ibc product ot* ihc factor Aie lo aune le-ilii diffiacüoo and tbc (actor due to duuble 



doublc-Oit factor is / u = /,. ; aod (be 



tiiuk-*ljt factura* U 



| 

I ■ 



ib) A( (be iraerterenee brigbt firagw, co* 2 ^= 1 «d^2=íí^=£ÍÍ^^ 
Al ^ *ín¿t = ^/¿*o /2 = ^ rf/ y /rf > =^/3.Tbc ioteoiity i* 



Ale*, m ffl2 = ^ rf/3 ^ /J) =2r/3. U«ng roe «rae procedurc a» for bave 



Al A, we sel tí/2 = jt . *oicb rivw /. « 0 



Al eft. *io A = lik /T/2 = 4T/3 , whkti / 4 = /, 



te/a 



(el Smce J= 3a. cvery tíurd Lnecricrmv inawnmm ll 
(d) lo Figure 36. 12c io tbc tcAtlxtoL every fourth 



0,0427 /o 

al tbe Jidc« h raÍKimu becauw J = 4a. 



Difractan 36-7 



Ev AJA' ATE: Tbe rewill m (hi* problem b catte «ni Uom (hal in Figure 36. 1 2c becao*e mihn^Jsii.w 
evefy Ibml intorfeeeeice naaximum id (he sidü b inwing. Alw> Che "eavclope" of Ibe ¡DicoHy funeCion 
more rantdly bere toan in Figure 36 12cbecau*c Ibe fincl SÉttOkm mínimum ll rebebed ■OOaflg, and Che 
ta iolenaity from one iolerference máximum (o (he oeil i* fa*(cf for a = rf/3 (han for a ■ 
36.21. -ii i»ENnn t and SET l>: The mlerfeceoce fringe* (roaxima* are localed by 4sm&-mX wiih 



tff = ±3 m ibe lint equalion lo pve f? that matar* / =0 io Ibe 
EXECXTE: dHn*=»U givtt^=j^jfljH]=2«3flW 

/=0 wiyi imfin ~0MO fi=lít andthen 2* = 2*(3*/J) and <J/<i)=3. 

(b) IDEVTWY ■ i Si: 1 l P: Fringe* jw=0. ±\ ±2 are within (he central diffraction máximum and (he ift =±3 
írin£ei coincide wi(h (he íint dinr&ction m i nir ou m + fínd Ibe valué of m for Ibe Iringe» (hal coincide *iifa Ibe 

4fCOOll íití fr*lCllOQ Hkl Pl P IU-HV 

ExXCTTE; Seeond rninimum implica /> = 1 . i . 



»■(¥)— (tHt)- 1 -*"'- 1 ** 



Then «y* 4t = 1^<«/3) and m=6. Therefcae Ibe m = ±4 and m=+5 

firtf diflraction ntlnnttÉl ou one side oí the central máximum; lwo fringe* 

EVAJA'ATK: Tbc central roaxiraum i* ftice a* wide a* Ibe otfter máxima *o it coalas» more fringe* 

36.22. lOEVnrv .. . M : U : Um Rgure 36. 14b ¡o Ibe leaüW. There ü krtally declive inlerference belween slib 
whoie phüMif i are in oopociiie direotiona* 

EXECtTE: By examining the diagram we %cc tbat every fourto *lit canceb eaeh other* 

EVAJXATE: Tbc toul electric freíd U xero so ibe phaaor diagram correspondí lo a potni oí /ero inlcnaity- loe 
finí lwo máxima are al e>=0and f=M t Ét¡ Ihis pOÉM fa Éol midway belween BPn máxima. 

36.23. ■ j i IDENTOT and SET t p: If Ihe ihla are very narrow (hen Ibe central máximum of Ibe diffraction pattern Tur 
eatb complete!) íiü» (he ¿creen and (he mtcrwly dütribulion k pven wlely by (he (wo-aUt mierlerencc. Tbe 
máxima are gtveo by 

d%m&=m¿ wsm0=mAfd. So\\x for & 

EXECVTE: U ceder máximum: m = l M> «ne?=-= 580x10 m =1.094x10^; 0=aOÓ27* 

J 0,530X1CT ra 

2nd order maxuniirn: 111 = 2, 40 *ra0 = — s^lBSXifT 1 ; ^ = 0J25* 



lb)lDEvrmrandSOÜP: The intewily » givenby Bq.(36J2): /si co»*<0/2)' Mg / J/ * ' p Calcúlale #> and 



tí al each ^ Irora pan (a), 

(Since (he angular pouliom in part (a) corre«pond lo interference raaairna) 



2r^order maxunum: iit=2. so /= W^ 3 ^^ ; 3 =QQ256/ 0 

l 3.794 rad / 

EvaJA'ATE: The fmi dilfractjon mtnirnurn U al an angle 6 p>en by ún& = Afa wj 6* = 0,104 * The ftrvt 
íringe is «ithin ibe central maaimurn and (he *econd t^der Iringe b imude tbe luv diffiactfton ituximiun on one 
side oí tbe central máximum. The inlenuly here al thik secc4id Innge \% raucb leu (han rV 

36.24. lOEVTiTY; A double-ttit bhght fringe i% nñuing when it occun al tbe same angle aa a double-Uil dark fringe. 

SET UK Singfe-nlil diífracbua dart fringe» oceur when u sin 0 = mí and double slil interference brighl Irin^ei 



3M O-ptarN 



EXECtTK: u: The angles are lbe *arae for eancellalicm. *> dividing lbe equaüor* gira 

Whenm=l. nt' = 7:*ben* = 2. *<' = 14. and w forln, *>eroy 7*brigbl fringe U rni**mg írom me doobl**lit 



EVALtUIV: (b) lbe reuill i» mdqxadtrat ul ibe * wk-ngih. » cv tf? - 7* i t inge b< cuwclied fur til 
wMvtaigfh*. Bul lbe brigbl iníerferecic* fringe* occur wbca d«i 6=mXso\be tacaño* oí thc cancclkd fnnge* 
¡í^i depend oo lbe * avelenglh. 
36.25. lOKvnnr ; M;ü Toe pbaw diagrarw are icimilai Ui Ihoie ¡a Rg .36. 1 4. An inlerfereoce mínimum occur* 
when lbe pfcaiün acU W> «ro 

EXECiTC (m> Ik p ba ■ i ■: diagram i» given in Rgure 36.25a 

¡ 

Kg«r*M¿5* 

Tbere h dc*trocbve imerfererxe berreen tfae ÜghJ úaw$h roü 1 and 3 and betweeo 2 and 4. 
4b) Hk pbawv magram b given íd ñgure 36.23b, 

Figure 36.25b 

Tbere U deatruclíve irUerfereoce hKwero the ligbl thnxigh ¿bu 1 and 2 and betweeu 3 and 4. 
(el Tbe phasw Ji^a i» given m ñgure 36.25c. 



i ^ 




i 

36X*c 



Iaiid3andbetween2and4. 

EVAUMTK: Máxima <xvur wbeo = 0. 2t, 4 ele. Our diagram* ihow tbat mere are 
lbe máxima al c»=0and 0 = 2*. Tro* agree* wilb lbe general rendí ihai loi iVsiii* tbere are N-l 
belween eaeb pair oí principal máxima. 

36.26. lotynrv: A double-Oit brigbt fringe i» mmiag wheu il oceur* al tfae «ame an £ le a» a itouble-üit da* fringe. 

m ; Ul Single^ diffracliun dark Iringw oceur when a ain 0= »iA and double-aiil inferieren» brigbt tange* 
occurwheorf am¿í= 

EXEcvté: (m> lbe angle al which lbe futí bngbt fringe uecu» » given by 
tan ¿1 = (1.53 mmy(2500 mm) -> 9* = OXP3507* . J yin M = A and 

d - ¿flsa«) ■ («32.8 nmy«n<a03507*) = 0.00103 m = 1 .03 mm 
<b) lbe 7* duubfc-ibt inCerferecKe bei^bt fringe b jwl caoceUed by lbe 1* düfraction dark rrímje. m> sin ^ = 
and ñn6W<=7¿U 

Tbe ao£ka are eejual, w = 7>ltf -*a = d/7 = (l.03 mmy7 =0J4S mm. 

EvautaTK: We can generalice Iba! Üd=ntk wbere n i» a poetiü^ integer. mea e^erv n* dauble-Oil tcigbl fhnge 
wül be mi*»ng in lbe pattenr 

36.27. iDtvnrY; The üttowM rmnima are localed by «níV= íid má lbe DMA imerference máxima are localed 

by H n tf = 2¿ . Thr third bngbl band U mixitog becaiwe lbe fmrt order «ingle ifií mínimum occun al me 
a 

angle a» me UUrd order double ülil máximum. 

SETÜPr Tbc panero i* ike<cbed m Fijure 36,27. tan (f = . ^ 9 = 1.91 v . 

EXECtTt; Single »lii dark *po|: aHntf = ^ and g=— d— = SQ0ttiO =1,50x10* mn = 15.0 ^m(whh> 

*inf «ni ,91* 

Doubk-alil bright tringe; J.«ntf = 3xand d = = jí5COnw) ^4.50x10* nm=45.0^m (teparalion) . 

«ntf ¡»inl.91" 



Diffriciion 36-9 



EVALUATE: Sai* that dta = 3 + <X 



V '• i r* ■ 



E ¡ 

■ I / 
/ 

/ 

I 




Tbe máxima are located b> <í*itt0 = W. . 
Si t Vp: Tbc order curreopood* lo Ibe valué* oí irt, 
EXECVTK: firsl-order; J«xir?, = A . Fourtb-order: J sin 0 4 = 4¿ . 

d «nft = 4£ =4tm fl = , i 1IQ S,94*and A =38,4* . 

fcvAi_i"ATE: We dkl not ba*e to ioIvü for i. 

36.29. lotvnrv and SET UP: Tbc bri B bl band» are al angle* 6 pveo by Ja»c7=«¿ Solv* for J and tben w)vc for *7 
for (lie sj>c tiíicJ order* 

OECUT1: <*>tf=78.4* for *i = 3and Í = 681 nm. » J =i^/iixi^=2J386xlO* 4 cm 
The nuraber of *lit* per cm w 1/ J = 4790 riuton 

(b) Isloite: m=h *o aiat7=¿/d = (68lxKr* mWXWÓxlO^ m) aod 0 = 19.1° 
2nd order; m = 2. » ato0 = 2J/<í and 0=40.8* 

(c) For «i=4, «n0=4i/d b grealer Iban LÜÜ H *o Ibcre i* no 4úVorüer bngfat band + 

EVAIXATK; Tbe angular rxuition of (be brigbl band* for a particular wavelen£ib mcreaie* a* Ihe order increauív 

36.30. lOKVTirY: Tbe tagbt spot* *e Uxated by dúnfi^mA. 

SETUP: Tbird-order meara m = 3 and xeouod-onler mean* m = 2 . 



.mi í? MflA *mtf f 



üntf ^lintf'^l ^. ;={s«i65.aO ^ =0J45 and =202 



h: VALLATE: Tbe Uurd-urder Une for a particular Á oceur* al a larger an$le Iban Ibe «econd-order bne. 
order. tbe line for viole* ligbt (400 nrn> occun al a muller angk man ibe bne for red ligbl <7C0 nrn). 

36.31. iDtvnrv and SET UFi Calcúlale ¿/for Ibe graiing* Un Eq-436J3)tocjkulaie 0 for rbe longeu ttavelenjtth in 
ibe vUible spectrum and veciTy Ibal Q U imalL Tben me Eq.{36 J) lo reble Ibe linear separaban of linc* on ibe 
sercen lo Ibe difiere nce in wavefenglb. 

EXECUTV: (m> J=l — !— 1 ero =1,1 UxlO** m 
Í900j 

Bw Á = 700 nm, Xíd = 6.3 XlO"*, Tbe irril-ordcr bnei are localed al \m&=Afd: *mf? i* small enough íur 
ñn&-# to be an excelkol ipjxowmatiott 
(b> j=xUú t wfaere x = 2.50 ra 

Tbe ditfance oo tbc htwd beUwo bt order bri^ht baod» Tor two ddfereot waveleogtb* i* Ay= ^A^)/J, %o 
A¿ = <¿(AyV*=(U11x10~* raKiOOxLO'* rn)/(i50 m)=133Dm 

ETALUATV: Tbe maüer d U (greoier number of Une* per cm) me vmaller Ibe llulcan 

36.32. iDKynfY; Tbe maxinu are located by 4ún0=mÁ . 

SETUP: 350idito;rrim->rf= 1 - =2,86x10^ m 



;=toid1 700x10 ro Í = 14.1S, Afi=14.1S*-8.05*=6.l3V 



7 ( 2.86X1CT* m 

CvautaTK: &0 U Urger ra thixd onJet . 

36.33. lOCKnrY; Tbe ra&urai «re loe aled by dsm&=mA . 

SETUP: J = 1,60x10** m 

MrH tS'.l -** « =23J - 

■1=2, « =5-.? . Tbew «re m> iXher maatrna. 

Evalúate: The lelkciive nal*? produce» Ibe «me iniedeieixe pallan u a grjticv with ilil *ep*ralMia¿ 

36.34. liwvnrv: HiemjuiiMKe Incaled b) daD0=mk. 

SETUP: SOOOilito/cm J= ^ ^W*'0" 

Executi: (■) l^^^^^xlg^ 

EYAU ate : Smcc Ihe anules are fauiy «mil. Ibe womtVor der deviation b apwoiaraalely twicc Ibe firsl-ordCT 



36.35. iDEvnrV; Tbe máxima «c l«*e<i by Jsra0=M¿ 

10* ra" 1 
. I m{52Qx\Q* m) 



So Uf; 350 rife/mn -> *í = 1 . , = 2J6X10"* ra 

3.50xHrnT' 



\ d í ( 2.86X10" 4 m J 

fft = 1; 0=lOJ f ; * = 2: 0=21J°; m=3: e*=33J*. 

EvautaTE; Tbe ancle* are nal precütely pftxxtftional lo ni, aad devwte more Hora bein* woportkinal a* Che 



36.36. I[.[.mj-v: l^evewlutioowdtfKfiMby R = -L = Nm. Huinam localed b> rfHiitf = 
te UPt Fot 500 Uia/mm. J = (500 dto/m») -1 = (500.000 u/nT 4 * 

mam <»),v=_d_= ¿-sraxio"'* = iMDéh 

W ^ 2(65645X10-' ra -6.5627x10" ra) 
c\=*ra- < ((2X6,5627xlO-'raK50aOCOra- 4 J) = 4L0160 r ', A0= 0.0137' 

EYAtXATK: dc*x*t9 = /1/jV , *o íi* 1H2Ü slit* tbe anjcuLu imerval Atf beluwn each oí AnM 



firu aúacent rarairaura i» Atf= — = 6.56x10 ra -o.OUl\ Thu i* tbe *arae M tbe 

Mfttt+9 ílS20K20xlCr ra)co»41 : 



.«pjí -jüüo oí tbe mwima fot Ibe lwo wavekcglh* and IS20 dit* U jurt vulTioeal lo malve tbeae two ^avelen^Uu 
Id lectMkd ut Jet . 

36.37. iDKVTtFY; Tbe reiolviag powcr depeod* oa tbe Une deraaly and rae »*llh ol rae gralinc. 
SET UP: Hw reiolving power » giren by A = Nm = = 
EXECUTI: (a) R = iVm = (5000 lrae*/eraX3*30 cra)(l> = 1 7,500 
(b) Tbe ruolviu; powee oeeded to rtyoKe tbe todiura foubkl b 

« = - (589 nmVí 5S9.59 nra - 5S9.00 nra) - 998 
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so tfañ giating can eawly roolvo Ibe donUAL 

(c) (í)ff = Sboe R = 17.500 »braw=l.* = 2x17.500 = 35,000 for» = 2, Tlwieforc 

<U = - <587.8 nmV35.000 - 0.0168 nm 

Jt^m X *&A = 587,8002 nm + 0.0168 nm ■ 587.8170 nm 
00 A mM =Á-AÁ= 587,8002 nm - 0.01 6S nm = 5S7 ,7834 mu 

EVALUATE; (di) Tbereforc Ibe tange of reaolvable »avelen$lb* u 587.7834 nm<A< 537.8170 bol 
lotvnrv mdSti Un A = 

W= J_= 5S7J002MP . 587^002. „ rt ^ ti _A"_ = J3^_ = 2752 

mA.i (SS7.97B2 nm -587SÜ02 mn) 0.178 XXvm L2ÜCM cm 



L i vi.late: A unaüff oumber oí *hu wixdd be r*«Jeu lo resolve üie se two Ltoei in highei i*der* 
36.39. E[<[ * i .-.i¿ Skt Up: TTw muima oceur at angle* 0 ¿¡vea by Eq.(36.16}. 2dsm0 = mÁ t wbec* Jii (he 

Solwforrf. 

EVALUATE: Out icvuk u «rallar lo d calcuhtod id Eumpk 36 
iDEvrmr; Tbe mawraa »c given by 2d\*n0=mA t m=l,%... 

SZ1 UPt d = 3.50 x1o* 10 m . 

EXECVTE: <t> m = laad¿ = ^lí^=2<3 JOxlO"* ra)wnl5.0' = 1.81x10"" m=0J81 nm , 1w* i* an x ray, 

ftt 

ib) «nfl=jwt -d-j=W 181xl °" ro | =Bt (0 F 25S6). m=2: 0=31.1°. m = 3 : 0 = 50.9 . Thz cuuabon 

<loem*l have any yotulioo* fut <m >3. 
EvaJA'ATE; Inthi* ptobfan 4/J=0.52. 

36.41. iDcynfY; Ra>*cign'* ateta say* sín0=l,22^ 

m : U Ibe be*t rewlulioa U 0J arc*econd*. ub*ch ü about (8.33xt0"*) w * 

L 22 i= [32(5.5X10- m) =046m 

suitf «0(833x10^*) 

EvaJXATE; (b) The Kecfc lelcKopc* «e abk lo galber mete Hght Iban ibe Hule . ■. . i e , and 

Ihevcafidetccl [unta objeiU. Howcver. iheii larra awe doeanol allow ibem lo have greaier 



36.42. locvrmr; Apply «n 0=1.22— 
SETUP: 0=(lV6Or 



EVAH'ATE: Tbe Iwgcr Ibe Aameta ihe «nalle* Ibe angle Ibal can be resolved. 
36.43. iDKvnrY; Apply wntf=1.22~ 

SETÜP: 0=ÍL ( «tefl W^28kmand A = l200km. tfb «nalL »o «n¿í*tf. 

limil P = LHd = l^A=1^2(0.O36m) 12Xl ^ ro =l.S8m 
unff W 2.8X10 4 ro 

EVA1A ATE; D musí be ugmficaatly largcr Iban Ibe ^avelengtb, io a muda largtf diameter b needed tax 
inKiu^^vei duc fvr vuible 



36.44. iPKVnTY; Apply »otfs|.22_ 

SOUP: «bMttlLu ííatf-tf = 1.00x10*" nd. 

faBOT11 A —iW 132 T22 0«56m-6« 

BVALOAn A corrwpondfc lo 



) < I 1 Cluroter .'■ i. 



andSETUf: Toe angular *oe oí Ihc fruí dark nng U givco by sio^ = \22ÁtD (Eq.36. 17). Calcúlate 
f^. and Iben (he diameler of Ae ring on ihe icreen i* 2(4.5 m)taní\, 

E30XUT1: <mg t = IÍ2; *^*^ m ;=o,i022: q =0.1024 rad 

The radiw of Ibe Atry titfc (central brigfal *pol> b j-=(4.5ra)tan6; = 0.462 ra The raaraeter i* 
2r = 0.92 ra = 92 ero, 

EvaJX'ATK: ¿/D =0.084. Por thb wmll D fte central diffraclion máximum U broacL 

36.46. iDtvnrV; Ra>fejgb'i crileooo bmifc (he irajjulitr rewlutxra 
Set Un Rayleigha cmerion ii sin ■= 1.22 VD. 
EXECVTV: (a>üviQgRa>ldghScrÍleóoo 

«ntf : tf= 1.22 ¿D = (122H550 nmV(135/4rara)=L99x lCfrad 

On rae bear ihb aogle subtendí a dulance *. 0 = and 

* = M = (11.5 mXl.99 x 1(T* rad) = 2.29 x XV 4 ra = 0.23 rom 

ib) Al y?22, D i% 4/22 time* a* Urge a« ai Since 0U proporuonal lo HD. and x a pcopoctional [uft.ui 
JA4/22) = 22/4 tune» ai large ti it w» aiyM. x = (0. 229 mm)a2/4> = 1,3 rom 

EyajA'aTK: A *ide-an£le lera, vucb ai one bavrag a focal length oí 28 raro, would h&\K a roucb «naller openmg 
at JÍ22 jqJ henee would bave aa even leu rcutlvrag afatlily. 

36.47. iDtvtlFV and SET Up: Resolved by Ra>teigh'i criLeñon mean* angular separaban 0 of ibe objecU equab 
1.224/D. TbeaníubrKparatiüfi ¿í oí Ihe objert* i* Ibcir linwr «paradon dmded by Ibcir dbtance íroro Ibe 

mlfifiifn 

EXECUTC: 250x10* ra whm 593xl0 i. m b Ihe duJaoce frora cartb to Juprfer. Thus 0 = 42l6xl(r T . 

5.93X10" m 

— n ÍA _J B ^ 12£l 122(500x10"* ra) 

Thea 0=1.22— and £>= = 1 . — = 1 45 m 

d & 4216xkt 

l v i ■ v : I : Thb U a ver? Urge leleicope rnirror. The gre«ter Ibe angular rwolutkra Ibe freater ihe diaroeler Ibe 



iDKVTuTY: IU>4«^*CTÍIecK>nayi 0 M = 122— . 



SETUP: 0 = 720 cm, ^al.wfattciinbc diit^-c«fiIu:ob^-!frwroibckiL+an<l y = 4.00 

Eiecuh: > =1:22 A. r - ^ ■(Wl^»7.^ n ). rm 
/ i> 1.2M 122(550X10* m) 

KfMiUn Tbe focal kngtb of Ihe km docera' t cnter into Ibe calculatioo. raprKbce.riUdifT>cul1to 
rewlution thal i» al Ihe dif telina liroit. 
36.49. locvrmr and SET UPt Lely be tbe leparation bet«een Ihe l«x>pvroUbnn^re4o|\edandkt jbelbeti 

t IcIeAcope. Tben ibe bañil of rewUiüoa correworob lo 122—=-. 

D s 



■ j » Ul Ihe t«x> ooroU bcxn$ ruohed be Ibe oppositc edge* ol Ihe cráter, w y i% llw dumeter of Ibe 
Fur Ibemoon. j =3,8x10* ra y = L22As¿D. 

Hubbk: ¿) = 14 ra and ^ = 400nra give» Ibe maAiroura rewhiÜMi. *oy=77 m 
Arrabo: D = 305 ra and X =075 ro; y =1.1x10* a 

(b) j = J!£-. Lct y*0.30(lhe*ÍK ofa BonttM piale), t = <0.3ü m)<2.4 m)/« 122X400x1 0 -4 m>] = 1500km. 



KVAit ATK; Dt X t% roucb larger for roe oplical lelescope and il iil a rouch larger reuiluuoa c veo tbough rae 
duraeter oí Ihe radio tekscope b roucb largec . 

lOtvnrY; Apply «0^=1,22—. 

SETUP: tfú üroall. *o sro0=<0. Sraaüeat BBÉnMttg an^le U for tbort-waveknglh Ught (400 nraX 

KXZCVT*; g M22Í = (122)^ X Q ^ m =9.61xl^rad. ^^^^XU^Sm^^tmmM. 

^ 9.6x lO^rad 
KVAlt'ATI; Thb U k« than a hght >ear. so raeré are do itan Ifaia clov. 



36.51. I hEN-nrv: Le* y be tbe nptnAkm betoven Ae lwo pomU bdog rewls*d and Jet s be tbdr dbUnce frora tbe 
leUscop: . Tbe Umtl o/ rewtubun curref^ood» lo 1 22 A¡D = y í . 

m : un s=-42ify = 4,05xltf* m. As«ime >i«ble üght, with X = 400m. 

EXECITK: y = l^2>U;D = l^(400KlO*m)(4.05KlO'*m/(10^m)=2,Oxltf ra 

fcMUlilU Trwmameter of Júpiter U 1 3Bxl</ m. *o lbe rewlutkm i» raairtricni. by about one orderol 



36,52. loKvnrr; líthe 



üf Ewrriw 364 U pbced io * jj r r. iben «11 tbal clunge* ll lbe wavelenrfh 



SET Ul :;ir y«t. lbe dWUnce berween tbe lwo d*rk tange» on eüber sidc uf lbe central 
IT =2/. Ul D = 2y beihesepMbooaS^lxlO 'mrüumliDEim^ ^l. 



36.53. .i i I ] J SI : n u&j S : i L>: Hw in*en*ity io Che ditfracUon parlero i* p\*n by Bq/36J): J = / 



xad Inik decrcau:* lbe *>dih ol lbe ceñir al máximum. 



^=j^ ¡«bar?. Sotvefor 0 thatpvw / Tbe an^le* 0, and 0. are ibown m Figure 36J3. 



Lrt * = tf/2; tbe 



fwxi* ÍÍHÍ =-L= 0,707 L 
x v <2 



trial and error k> find lbe valué of x Ibal i* a lolutiun lo tlm equalion. 

x (s¡nx)fx 
LO red 0.S41 
1.5 rad 0.665 
1.2 rad 0.777 

1.4 nd 0*7039 

1.39 nad 07077; ibui x = 1.39 rad and Ú = 2* = 2.7S rad 




asa— G 



(i) Re 1=1. úoff. =0.4425(1 j=022!2; tf. =12.78*; A* =2*. = Bi- 
fe) J=5. iiBft =0.4425) i (=0.0885; Í».=S.O7T;A0=2Í.=1O.2* 
(iii)Foc J=10. «nff,=0«25¡ l]=0.04425:ff. = 2J3é°-.A*=2í».=5.r 



iDEvnrv and SET UP: lin & 



ttf finí 



Sotafcr A. 



EnuXTB: (i) Fot 2. mnA. = i;«> = 3O0"; 2fl, = 60.C 
(Alte 1=5. *4-L*-lLStt 2*-2S.l' 



v 14 Cb*nier36 



EVAlXATK; Eilher dVíünüon «f ihe wiüth *bo** thal the central rautiinum get» narro* er a* ihe Uil gtti wider 

36.54. lOKVTirY: nic twó hole* behavc lile double *to and cauh Ibe lound *¿vo lo inierfere ato ibey pw* Ihrough 
ihe boie*. Tbe motiun of ihe speaker* cwjí^ 4 Doppkr »bin m Üw wavekoglbof tíw w>und 

SETUP: Toe wa>elength oí (he Iba* rtrifaw (he wall ¡a ¿= ^ - ^r fc aod cfeslnictive mtafereiKe lint 

oceur* >berc *in 0= ¿/2. 

EXECLTK; (a) ñrtí find ibe waveknglh oí (he sound tba* rtrikei ihe arxoug* in Ibe wafl. 

Dwiiuelive mierfcfeoce firrt oceur* wtaece ¿*intf=¿Z wfaich givo 

rf = M2 «o^ = (0-2UmW2án]17^ = a480m 
(b) ¿ = itf = (344 nV*y<1230 Hl) = 0,275 m 

»oc?= ¿/2d = (0J73 nivT 2(0480 rn)J -» tf= í 1 6.7 ' 
EVAIA'ATC; The moving aource product round oí ibocler wavekngtb Iban che vtationary wurec, u> Ibe anglei al 
which deitrueiive toierícccoce oceuro are vmallcr fot Ibe iti ■ * jr: e¡ vource Iban fue Ihe xlaxionary stxBce* 

36.55. 1 1 ■ t m j - ■■ , SET Vn *m&=¿fa locales tbcíintdaffc band m Che tiqutf Ihe wavelenijtfa cbange* and Úús 
chances ihe angular pontxm of Ihe finí diffraction mmiiiwm. 

EXECVTE: sm0 m = —: nnc^j =^S1 
A^sA. ~ =0.4336 

A=A*fn (Eq,33,5X «> #1 = ^/^ = 1/0.4836=107 

EVAltATK; Ligbl iravtfli laster in a» and * must be > 1.00, The malta A ra Ihe liqukl reduce* 0 (bal located 
ihe Grtí dark NwtL 

36.56. iDEvniT: d = 1 . » Ibe bright friruje* are located by ¿-sin 0=¿ 

SETUP: Red: ±»n\ = 700nm , Violel: i*in,W = 400 wn, 
N N 

EXEOTI: Í^=I ífc-*=15*-»c\=«, + 15*, ^^ ir) = Iu^atnsiJe^^ 

tan^ =0J30^ft = lSJ c aod ¿c, =«, + 15*=lB,3*+]5*=33,3\ Toen ^^f^ =700ruti$iw* 

rV=^* = 7Wxl<r* = 7 Wx l0> u * cí > ;m = 7WÜ te**™ ™* sjwctrura bejim al 18 J and end* al 33J . 

EVAtt'ATK: A* A' i* iocreiued. Ibe angular ran^e oí Ihe vbible vpeclrum ¡ncre**ev 

36.57. W li i Miñ" and Ser Vf* The angular poMboo ihe flrU nuninium i» given b> míut) = mA (Eq.36.2), 
rr: = 1. IV., dutance of Ihe mínimum írom Ihe cenler oí Ibe pailern b pveob> y ~ aUntf. 

—■i.. ggg££ ■IJOxlff'^-lJOxIff'ad 
a OJóOxKT' m 

^=^1^^=0 20 m) 1*00,50x10"* rtd) = 1.80x10^ m = L»ümrtt 
(Notelhat f? U vmaU eoough íor ^-»nr?-1an^.and Eq.(36J) appbee.) 

(b> iDEVTtFY and SET Uf: Fmd ihe plu^e angle p whece / = /.,/2 Tben me Eq.(36 + 6) lo «ü*e lor 0 and 
7= xlane? lo Ond (be üwUnce, 

I Rwnpar1(a>orProblem3rk33. / = I; 0 wbeo 0 = 2.78 raA 
=| ^1 |<jsinc7 (Eq,(36,6)>, so ún0=J^-. 



2ffa 2T<0.360xlO- > m) 

■VAUHIi The ooinl wbere / = V 2 i» nol roxlway bet^een Ibe cenler oí Ihe cenlral rnaxirnurn and Ihe fin* 

36-15, 
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Tbe ¿raph ia Figure 36,58 biplotof fiy) = y-Uay . Wben /(/) equal* zero. there i» m taterutiy 

Gctting caUroatc* Irorn the graph. and tben uaing trial and error lo narro* in on tbe valué. »e liad tbai 
Uw Ihree gaulkat. /-vahie» are ^= 4.49 rad 7.73 rad. and I0.9rad. 

Aváhate: y= 0 U tbe central maxuouro. Tbe Ibrcc valué* ol lound «re tbe locación» o/ Ibe ftr*t lhrec 
tecoodarv máxima. Tbe firtf f our mínima are al p=3J4 rad . 6.28 rad» 9,42 rad. wá \1A radlbe 
belween aehaceni mínima, bul not precúel) tmdwjv K-twccn tbem. 




64 (O 100 
Figure 36.58 

[ [ ' : ' i j y v and Sn Vf: Relate tbe pbaie difiéreme bet»<een adjaceot »lit* (o the *um oí tbe ptura* Ice all abot. Tbe 



phj>e diüerence beiween 



Uit*i**> = — 



TTaui e?=-~í 



A principal nadm QOCan *facn ^=4mtt =l »2^ t utoerem iftaaiaLeger.uncc Ihenalllbe pitara! 

Tbe linl minima <m eilber »*de oí Ibe m ft principal máximum oceur wheo $ ~ mlx ±(2x f and me 
for iVUiUíormi aclc^ed loop jixJ ihe resultan! phuor ísmto. Tbe angular poutioaof a principa) 

' a ^. - - . < x 



á_ . Tbe angular pouUon oí dje adjaceni 



9' 



A 



A 



ZIMA J MI 



Tbe angular widlh of Ibe principal rnaximumi* c7* — e7" = 



2A 
ST 



tu tote 

EyaIVaTI; Tbe aogular *>dlh of tbe rxuxipal raxumum decrease» üke I/// as A' 

iDEvrm; The ebange in waveknglh of me Ha Une is due loa Doppler vhiít n tbe wavelengib due Ibe roUion 
cfAesaJwy. 



SET U From Equalkin 1 6 JO. tbe Doppler efttt t formula fui Ugbl i* /. 




línd ibe ■* aveleogm ol tbe U^bt uiing tbe graling; 
A = dvm$ = (14575 JOO line«/m)l un 23.41" - 6,900X lü" 1 ro - 690,0 tun 



4 




/, . In ilm c ve. A U Ibe freciuency ol ifae 690 Ü-nm Üghl thrf \hc 



and/, i* tbe Ireciueocy of tbe 656.3-nm lighl of ibe II. bne 



ia the laboratory. 



3*-U Clutpf" -*> 



'+(/.'/.) 



cuimiio (c« 0. Bel 



I- 



6563 



i 6363 mu , 



^(3.00x10* ra/*) ■ 1301 x 10' ra/*. 



6 WD oíd 



whiohU5lA*i^ipr*laíUahL 

EYAtVATt; Sioee v ii ptwithe. Ibe gala*)* b raoving <moy /ran u*. We en abo see Ihia betauae ihe wavelengib 
bu inervad due lo Che motkin 
36*61* !['[ * i j.'i .' . SetUP: Don Ibe %peciTie>d pbam diagrama Ibcre Í*totaUydeJrrucli>e iDterleteace between 
lwo %iiu when ibeir phawr* are m oppo*tc diiectior», 

EXECUn: (a) For crghl *Ub H tbe pbawx di^num mu*l have eigbl ^vcloc*. The diap MM fue Meb *petiíied 

valué of p are Uetcbed in Hguie 36.61a Id eacb cue thc plumón all tum to wro, 

<bi Tbe a&htioaai pbwr dugrami for *=3*/2 aad 3ff/4 are ike«ched id firurc 36 6lb + 



FOT*=^.*=^.toa>=Z^ iotaIlyde*tiu<tive 

¡iv.nlly desuixljve inlcrference oceuro v*iib every 
Evalúate : Al a mínimum Ibe pfaaiOM for all üib 





X 


^ 











ibuüour apar! Rir 



■ü un 



4 & 



:b; 



XA 




36*62. iDCVIirV; Máxima are givcn b> 2dÜD0 = iiU . 

SET ÜPt d i* Ibe «eparation betueen oyvtal planea. 

125 



11 me leparaüon <f — ■ ■ , iben f? ■ arcun 
V 2 



2a 



>teld 



Sofor «t = L 0=183*. nt=2 0&JM 4 . and nt=3; 0=71X1*. No larger m valué* yiekl ui«m 
EVALTATE; m part (b), where 4 » amaller. me máxima for eacb m are at lar^er 0 
36*63* iDtvtirv and SET i i m eacb c&ae caonder Ibe reJevanl phaM.fr diagram* 

EXECVnt: (a) For Ibe máxima lo oocur ice A T ibt», tbe muid of all Ibe pbaw differeoc^ beiv^eea me «lib mml 
4Üd lo neo (Ibe pto&ior diasram cloit» oo toctfr Hüx requirci Ibal* addtng up all tbe relalive pbaK ihifU. 



N¿ = 2x*k for wroe integer m > Utoelbre 0 



for m notan te múltiple of b\ wbicb v.oukl pu- a 



tblIbíMuiDor^ phaaevbiítitf 



himp vixj fuU cirvk back 10 me 



«o only me N - 1 prevwua 



plLvtei yield ■ÉMB M betveen eacb paii of principaJ ma*¡ma- 
EVAiVATt; Tbe A' - 1 mínima beO*een eacb pair of pcincipal BBttntti 



Sel 4 =<i in tbe eapreuii>nL Jor í and and uae Ibe rewJu in £q.(36J2). 
Set l p: Figure 36.64 show* a pair of ültt* «btw wtdlb and leparation ue eoual 



■Üf 
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EXECtTí; Figure 36 64 ibciw* (bal (he t*v *Nu are equivalen! lo a üngk *lit oí widlb 2ít . 
0=— —»o 0. —«n#=0* So Iben Ihe iatermiy i* 



i* Bq. (35 J> wiih doubie (he alii wm 
EVAit'At e : ta Chapter 35 *e coiwidcred Che limii »bere a « a* . a > J i* iwl txwwbfe 



]]/;,,-■ 36.64 

36*65* li'E.M j -i ... Set t'p: The ccodrtkip for an iatcreity máximum U d%m&=m¿. «=0. ±L ±2... Tlrirdordef 
mean* n=3. The loagert otwervahk ttavelenjeto i* (be o*e (bal give* 0 = W andbence 0=1. 

EXECTTV: 6S(Mbne*/craM 6-50x10* linetfm and d = ! — r ra=1.538xl(r* m 

iff 3 

EvajXATí: Tbe kmge« * ave lengín (bal <jn be obtained decrece» a* (be ceder iocrcaie* 
36*66* lOtxnrv and SET UP: A* the ray* fin* reach (be dfa (here i* already a phaie dilference becween adjaeenl dit* oT 

2jTJ ""^. Thii. added (o tbe iuuI pfaaw diflerence introduce^ after pa*iiag Ihrough Che *lit** >ichfa the 

coodiliixi Cor an tnlerjuty naxinmn. Fue a máximum (be (olal pbaie difiere oct muit equal 2xm - 

kXECin:: + =2ffm -> </(**n#+sm#)=m¿ 

A A 

ib) 600 abt>;mm sd= 1 . , = 1.67x10°* m 

6.00XICT nr 

For */=<>, 

m=0: 0=arodo(O)=a 

- — 0)— (SEPS)-»- 

Fe* 6* = 20.0. 

fit=0; 0 = arc«ní-wn 20.0 ) = -20.0 . 

.-1: e=M^\* X * W ' m -*m20.0 1=2.71. 

t 1.67xKTm } 

■ — 1: g=an^U 6 ^ Xl ^ ra -«n2tt0 =-47.0. 
I 1-67x10^ m 

EVUXATE; When 0 > 0 t che máxima are ihifted do»Ti*ird un (be icreen. (oward more negative anijlei* 
iDKVTlfY: ihemawroa; 
wavekagihs are (o be secn< 

m : U For6S0 *üüímra ->d= L, — ^=1.53x10^ 

1 630x1(7 nT 



36*67* [ i ■ i m j , ■■ : íhe mawma are gi veo b> 4 *m& = mA . We need ^ 0 * — £ lio urda lar *U Ibe vinblc 
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í ^ = 4.OOXlO-*m:» = l:A=O.26:m = 2:2Í=0,52;jn = 3;H=a7Í 

é 4 é 

^ = 7J»XI0- T m : m = 1 ; Íl = 0,46; u = 2 : Ü = 0.92; m = 3 : Ü = 1,37. So. the AfadtttadttlMCtt^tovUl 



ctsJ oí BU IpUlPUM^ Mflfl ^BMeflOH (¡t— y Ifcfl luil ¿ri J HCúttd tirder dJfiin^ioii pufEertis ^onliun %itl colorí oí itit 

EvaH'ate: tor eaeh raaumura ll Lir^c r for looger *4velengtb* 
iDtvnrV; Apply »n0=1.22¿ 

SETUP: ¿>U»iuU.Mrin0"^Í,*fccrc A*i*tbe **c uí Ihedctail ral =7.2x10" ly. 1 lysWlxlO 11 km. Á=df 

D R D Df (77.000* 10 1 fcra)(l<665 * ll/ Hx) 

(MI xlO" kro;lyH2.06 ly) =l*Wxl<P km. 

EVALCATl: ¿ = 18 coi . ¿/0 b vccj »maU* so vety unall Stiliff b ver> large and A* ll maay «den oí 

n 

raagrttiude Urger man Ibe diacneier of Ibe sun. 
3**69, iDKvniT and SBT ÜP: Add rae pba*ea bct*ecn anacen! «ourcca. 

EXECUTI: (m> .í-.l:i f - mÁ. Place 1* máximum al «oí 0=90. J=A. U J<A. mis pub (be fu»! niaairaurn 
Twyvod >'- j - " Thü% t ú J <Á raeré b only a cingle principal owtmuci 

4b) Al a principal máximum when ¿ = 0 . Ibe pira diíTcrecjce due lo Ibe para diftereoce belweon adjaeerU *ÜU 
i* 0^ = 2^¡ £±fi£ I . Tht* ju*t tedai 2xtadi*iiM b> tbc üattion the wavelengra i* o/ (he para dülcrcoce bm 

adjaceot imi If we add a rclatire pbaac ó betweeo lourve*, we sttll moni mamlatn a mol |ÉütC diífcttttoe ol 
Uffli leí kfl ep '.'■■ir principal bu t H 

<«> J = = 0.0200 m (coonl me rwrabcr of *pacea be<ween l 5 paiot*). Loir?=45. AhoreeaU /¿=e,«o 

_^2T<a0200mK8TOXltfrit>«n45 
- OOTxlCm») 



EVAlt'ATK; í> tnuM vjt)' o ver a *xicr raoge m arder to s^eep Üw be aro Uouogh a 
36*70* 1 1 .e .m J : The «avdcogOi oí tbe UfiM ü ^rmallcr undci «atn ¡te tt U m atr. «mcb wül aflfet thc rewlvii^ 
powcr oí Ihc len»* by RaykighS crílema 

SETUP: Tbc w^vcJenglb uoder water xa A = V* »d'oi HBtl aa$k% mtjW|h*l cñlenon ll tf= 1.224/D* 
EXECtTK: (a) In atr Ibe »a*-ekogub U ^ = c^= (3.00 x lü 1 ta'sy(6.0fJ K lo" Hz) = 5*00 X 1CT T ra. In «ater me 
^a>ekngth üA = AJn = (5X30 X 10"' mVl.33 ■ 3 .76 x 10 7 m. Wttb tbe leoi opeo all Ibe «f, we bave 0 =fft,8 = 
(35*0 mmy2.80 = < 0.0350 m y: .so. ra rae water* we bave 

»m 0 0^ I 22 )JÍ> = (1*22X3.76 X 1CT T mV|<0 0350 raV2*80) - 3.67 x lO" 5 rad 

Callrag v Ibe ttidth ol ibe reiolrable detall* we bave 

&= w/R -* mf = AeT= (2750 mraX3.67 X 10^ radj = aiOl rom 

(b) 0= 1*22 W> = (1*22X5.00 X 10" raV1(D*O350 ra v: «01 = 488 X 10^ rad 

w m R&= (2750 ramX4*88 x 1CT 3 rad) = 0*134 mm 

fcvAtt ate: Due to Ibe reduced wavekogib underwaler. tbe reaotutioo of Ibe lew ii betler irader water man ra arr. 
36*71* IDECTOT and Set Resolved by Ra>kigb \ cnlerwn meani rae aogolar ^eparabua & of me ubjecU is pvea 
by e=\22AfD.e=YÍs. wbere y = 75.0 m u tbc d&Uoc* t<t^eeo rae tv.e> oójeeU aod / b raeir do^racc frora 
Cbecallihide). 



r . yo .PMrtWxir'ri ^ m=492 

1*22^ 1.22Í500X1CT* ra) 



EVAitAIt: rái^ovc^rai^ííracb^hrratcíim^ 
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36.72. lOKvnrY; Apply «n6*=L22^L 

SETür: eVusmall.w *ra0» — . where Ax :> the *ixe oribe detaib and K i* Ibe duunce ta the earlb, 
liy=9.4]xio" ra. 

W ¿ ,.jg«.0.22)fl^-K4.22 W 4lKltf'i /W.^^ to . te<bwjl ,0.000 ^ 
Z> 1.0 tü 



díamete* oí (he eanh! Not eoougfa rwoluiion 10 *ee an canh hke ptact! Ax ll aboul 3 lirac* (he distante Ira ihe 
(o the «ra. 



022H.^ rtW Wilx W >,,. W>Ui|[tf|ia|U0t> 
6.00x10* m 



EVAltATK; The ■ n v Urge diamcler ol'JVwf /m^rr aüow* it tu re*olve planei-«wd oeiaii al peal 
36.73. lDKVTirVu)dS£TUPT FoUowtíw^pi^ifiedtnÜwprcWenL 

1 \> i 1 (a) Fram the %egment ¿fr'. tbe fractkm oí tbe amptítude of Iba* geU Ihiougb u 



Ib) The path dilTercnce btf*eea each litlle piece i* 

T!mí^b=MO-vw«-/tf55*»«(A(D-/«i>í)-«t Thb can be remallen 

a 

d£ = £^L<»n<tí> - aocovtty wn 0) + »n(M ' «o 0)a»(AD - 

(c) So Ibc toU) arophtude i* pven by (he integral ovee tbe ibt oí Ibe above. 

Bul Ibe lecood Ierra intégrate» lo «w ( *o wc nave: 

a |^ ¿aria 0/2 , 

At e? = O. lífd^J = i -> £ = £ íÍD<tí) - <w). 



fcVAiXATE: Tbe asne resuK for t% ifctained a» fc 
36.74. iDKVIirYand^TUPT Follow (he rteps «pecUicd m (he pruWem. 

EXECUTE: (a) fc-*h wurce can be thougfal ofua traveirag wave cvahiated al x = R uilb a máximum ampbtuóe 
of However, eaeb suceeutvc «Jurce will pick up aa extra phaae trtim U* respective palhlength lo porat 



■vhuh n iuri 2*. ü>l- Eiiaxira-jra t>W. ttalcJ bv *hale w fratfiuti (he path cLIlcrence. 



d *¡n 0. i* ol Ibe uavclength, X . By adding up tbe coraribuiiora Irom cadi sc^rte <ioc1uduuj (he 
phaje diHerence) thik gjvei tbe expreutoo providetL 

(b> ^***-^» = cw (üf -áX+nf)+i «n<WÍ - tt» + n^). Tbe real par! i* jmtcw So. 

Re ( V ¿je****** 1 » = S ^ co *í** " « + "fr (Nolec Re meara; Tbe real part of . . . /'). Bul thia iv jirt 
£.fwiWí-iiñ+/: ei>*aíf-£if + ^ + f ei»füí-£* + 2W+ * A\ eu.ii« - «t + W - 



3¿.» Cnapttr H 



(di HE|. af « \"* t *\ (Tbf co. 1 Icnngouio Jin (be Un* and i. ÍKbded » Uw definiU.» oí 

J¡ « 2fJ bul ta m / 0 *t 2. = ^ 

36.75. lOtynrY wk! SET Uf: Rom Probkro 36 74. /sf," 1 W /2 * u* ibis reuh to obuin c*di rcwit ipcáíkd 

«n <*/2 



IkiJBlTilfl 



(b)llKlraiion oflbe Oí* mmimumb wbeo Che numerator íiwl goe* lo xero II — = T .H» 

2 /tf 

mdih^üwcenirjjmjumuimg^litc w i! U preporbucol t o -i. 

te) HTiftMnmr Í^=M where it b u integer. Ü» numeratar goc* lo «ro. mg a mínimum m ioieiwity. Thal k, 
/ tí « numrouro u.frercvcr = Tía* i* tro ***umin£ Iba! Ibe uewmmator dowD'C ta xerois whicb 
occurvwben y=m*. wbere m o aa iotegec. Wbco tolb go lo «ru. u*m$ ihc rewlt fn*n partía), there u a 
máximum Hw< U. if — U an iategef. tbere be a máximum 

(dj Frorapart(c). if — b an ratear get a máximum Huís, Ibere wiD be Mmmima. (Plaro where - i* 
N N 



Má m inlcger f« fixcd A" «duXcger it .) Fbr cumple, n =0 wül be a máximum but ji=1.2».. *iU be 
[tutuma wiib anoiher máximum at n = N. 

le) Betwetn máxima t b a mUf-mUrger múltiple of *¡ Le. *.^ # ew;)j »d if N uwU Iben 



KVAlfATI; Tl»« resulte »W ih^i me tri^^ maxmu bccuai» diaipei m ihe numUr 0 f sbi^ » 



Rklativitv 



37 



37.1. lotvnrv and Set Un 

37.1). 



A lo íX aad /í lo O" a* oh*erved bv an observer un ihc jrruund 



0 J 
37.1 



EXCCiTC: Simultáneos lo obtener on trwn mean* lighf pubc* tan A and tí anive ji O al the »ame lime, 
Toobwer alObghtTrom A' ha**lot^dtfUowlotowlÜWDÜghífr(MD «> O »iU cooclwk dial tlw pui« 
from ATA') ülarted beJore ibe pul*e al ByS\ To ob*erver at O boíl A appeared lo ■ i k, fin* . 

EVAUTATK: Secboo 37.2 abo** thal if they ve simultáneos to the 
Ihe train me*»ure* dial tbe boíl al n" vtruck íittL 

|U (■) v = _ — L__ = r29. r=vr=(Z29)(220xlO" 4 *)=5.05xlO"'5. 

<b) J=rt = (0.900) (3.00x11/ m/*)(5.05xlCT 4 *) = lJ6x]0 I m=1.36 km 
37.3. El<[ mi:.-, ... m:t t'p: Toe probkm latí for ■ *ucb thal &t*tát = -. 



EXEtTTt; ¿f=^ pve* u=Cy¡l-(&Itf&l) ;i =(3XK)Xltf m/*)^I-¡ i | =2.60x10' ra/*; ^=0.S67 

Jel plañe* fly at leu Iban Leo turo the speed o/ *our»d, lew than aboul 3000 ra/*. Jet plañe* I1> at muefa k**er 
ipeedt iban we cakuUied for u. 

37.4. m j-'i : Time dilación orcur* becauw lfa« rocket U moving retoüve to Mar* 
SETUP: Tne time dilaliou equation i» A/ = jaf¿ . wtaete *, U Ibe r*opertÍme. 

EXECUT1: (m> Toe two time mea^uremeott me nude al Ibe «roe place oo Mar* b) ra obyerver al rext Ibero, so 
loe observet on Mari measure* Ibe proper lime. 

<b>Af = ía ,, = _J -(75.0^ = 435^1 

Jl-(0tt3r 

EVAIA'ATC; The pube tal* for a iborler time re Ulive io tbe roctel Iban ü do» relaüve to the Man obierver. 

37.5. <■) iDEftTIFY and SET CP: Ar ( =2.60x10-» =4.20x10-* i. In Ihe lab frame the pión U created aaddeciy* 
at dilTerent poiot*. w Ifai* lime i* iwl Ihe proper time. 



EVAIUTC; u<e. 95 il nwut be. bol *fc u ck*e to unity and the time düaíioo eflecte are largc. 

tb) I í ■ t m mr and SET Un Ibe qwed m Ibe laboratory Trame i* m =0.998c Ibe time meautred in thU frame i» 

At. ío ibe duünce a* mea»ired in Trame i» J =f^/ 

KJBCVTI: d = (0.998)(2 + 998xlCrmV a K4JOX10- T <) = 126m 

EVAaXATK: Tbe diutanee mea^ured in tbe pkro'* frame wiU be difieren* becauie (he time meawed in (he pión*» 
Trame ii dilTerem (diueler). 

37-1 
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37.6. v = 1.667 



<.)^ = * = ^°«» tf Aojóos. 
y tfo.soov> 

(b> (0,300*) (0,800c) =7.2ÜXl OW 

le) Aí # = 0.300 a/y = 0.180*. (Thxs i> wh« tbe rac^r meajwc* >*wdock lo rcad al (bal iwtanL) Al *cw origin 
you re*d(he original — -lj^H^L_ =03*, Cfearlv (be observen (you and me neer) will not agmoa tbe 



l 

J7»7< iDKVnFY and SET UP: A ctock moting with re*pett loan observer Ripean to runmore ikrwlv thanactock al real 
in tbe obsener* Irame. TV dock in ihr «pttcecnft mcauncn ihe procer time A^. A/ = 365 day* = 8760 bour** 
Execvte; Tbe ctock on Ibe raoving «paoecruft run* slow and ihuw* tbc «malta elapied tire. 
Af t sAiJl-* 1 /* 1 = (8760 h )^/l - (4-80x10* /lOOxlG*) J = 8758.88 h. The dillerence m elapwd lime» u 

8760h-8758,88 h = U2b. 

37-8. iDKynnr and SET Urr Tbc proper time u meavured m Ibe frame »bere Ibe lwo eventi oceur al Ibe matoc poinl. 
EXECiTK: (i) Ib: lime oí 12.0 mi measured by ihe fin* oífko on Ibe crafl i» the primer lime. 

<b> Af = ■ ^ give* n = cJl-(A/ 0 /A/) J = c % fi-(12.0xlCr 1 /0.190) i = 0.998c. 

L u 1 \ : K: Tbe olwmw al real wiib reapect lo Ibe warchhghl mesures a mucb tbortei duración for Ibe 



373, bflfflR and SET ÜP: J = / 0 Jl-*iV?. Tbe leaglb mcaaured *ben tbe spacccrafl ib moving b J = 74.0m;^ i» 

in a frame al real relative lo Ibe spacecrafl- 

' = , 74 ° m =92.5 » 
fcvAi i ate : L > Llhc moving apacecraf i appear* lo aa obiencr oo Ibe planel lo be 



.'Mi. iDtvnrv and SET Vf: When tbe mettraikk ■ al reH v.iih letpecl lo you. vou mesure »tt kntffc tobe LOOOm, 
andihaiwiUrropalenglh. f,. / =0.3048 «L. 

■BCVBI f = ^l-Sfc* gív« * = c^-tf/tf = cJl-iOJOtt/l-OO) 1 = G\9524c = 2. 86X 1 0" nV*. 

37.11. lOCVnrY and SET Vn Tbe 2.2 p* tifeume b Afc «d tbe observer oo eartb meantes Ar. The atmoapoere b 
movmg relabre lo (be muoo k> in ** trame (he beighl oí Úk muwphtt* ¿r*l í 0 i» lOkm. 

EXECVTI: <»} Tbe grealeM apeed Ibe muon can haw wc.wúu greatcal dülanoc it can Iravel m 2.2 x ICT* a b 
rf = W={3.00xl(y zvx.aZ 2XICT 4 «)=660m=0.66km. 

< b>¿r= , ^ = " xl<r>< =4.9XI(^» 
i = = (ft999K3,O0x 10* m/*X4.9xlO^ *) = 15 km 

In Ibe frame oí (he eailh ihe mooo can travel 15 kmmChe atmotfibere during ibtifelime. 
<c> /=t\^-« J /c 1= 00km)^l-<0.999) J =0.45 km 

In ibe frame oí tbe muon Ibe bei^bt o! Ibe almcupbere b kn iban Ibe dútance il roove» during iU tifetime. 

37.12. iDtvtifV and SET \ Ihe icientiU al rc*( oo tbe caribe wrface measure* (be proper lengtb of (he keparaboa 
beiu«eeci (he po«U wberc (be parücle u creaUd and íbe utríacc oí (he earth. *o =45J3km . Tbe tracuá( lime 

in Ibe particlc'* frame b Ibe proper lime. A-v 

45.0X10*111 aér4 

(b) í=/ a Vl-ir í /f 1 =(45.0taii)VÍ-(0«540> í =4,31 km 

WtraecaUtionlormuk; Ar ( = AíJl-wVc 1 =(1 JlXlO" 1 ¡^-(O^sSo^sl^XlO^ I 

ta. Al: < = i= , 

v (0.99540X3.COXICT nVl) 

The (»o rwulti 

3X13. <a) =3600n 



Rdüiv*y 37-3 



37, 14. MultipI>iog lbe tal equatioa of(37.21)by warxladdragto lbe fin* k> elimínale J p ve* 
rad raultipJjrag lbe fwtt by ^ ,*rxl addrag to rae lart lo ehmraale a gira 



w * = yU' 4 ur 1 and / = tfr** joVc^ wbkh U mdeed lbe %arae a* Eq. (37.21) with rae prra*d coordínale* 

replacing lbe urjjrimed, and a chacee of sigsof il 

, * ^ + » &400c 4 0.600c rtm 

37.15, <i) v = — -s = 0 + S06¿- 

1 + 1 + (0.400) (0.600) 

<b> r= =ag74f 
1 +wtjf I + (0.900X0,600) 

it+m 0.990V+0.600c 
M v = 7 — r = = 0.997c, 

1 «¡V I + (0.990X0600) 

37.16, v = 1 .667<y = 5/3 if tr = (4. 5)c>. 

<a) En Mavift'a trarae (he M *1i$ht oo" bu »pra-íunc coorduutu V=0and í* = 5.00 *. vo from tbe repulí oí 

fixmbc 37.14 orEwnplc J7.7. x-yV+rf> «1 f =y^+^J^í= í iil'=2.00xlO , m.l=y/'=r33r 

(b) The 5.0Ü-* interdi io Mavü 1 1 frame ta rae propex lime dr, ra Eq.<37.6>. n> Ai = vir 0 = 833 «.as topan M 
M (833s)(0.800r) = 2.00x10* ra, whxrh u (he distance x round in part <*X 

37.17, IDOTITY; Tbe reblivjtfic vclodty additura formula* appJy uno: rae ipwii are do*e lo Ihat oí ügbt 



SU Uf: lbe relabviric velocilY addilion lorrauU i» lí = -S-JL. 

tXEtTTC; (a) Fot (he purvuil raip ra ealefa lbe ce uiier. the datante betwcen ihem nrait be ckcreaaing, so lbe 
velocily o! tbe cruüer reUtive lo lbe pumut »hip rautf be directed uy*ard the punuil tbip. 
Ib) Lci tbe ucfirtraed írarae be Talooine and kC (he primed Irán* be tbe punuit ihra< We *anl (he velocily v* uf lbe 
¿muer kno*Yig lbe veéoraly oí lbe primed frarae u ardthe^eloc*>oflbecnuKr v in (be unrcinwd Irame (Tatooioe), 

.^. v,-* . 0,60Qc-0.S00c = _ 0M5c 
1 i-^> 1-<0.600)(O.BOO) 

The revuh iraphe* Iba* lbe erraier u muvmg toward lbe purxuit shsp at 0.385c. 

fcvALi ate : Tbe oorarlaümlK' formula would hav c nvm -0 200c. wbkb is eowkleraWy dinerenl from lbe 



37.18. Let Wp be üie vvoiiipjoeiilorilie^lLv.iytíf S' relaüve U> 5, fvlk>wm$ lbe atep*u*ix! m the derivativa oí 

37.19. iDKVnTY and M : Ufr Refereoce tramei 5 and y are %hown ra Figura 37.19. 

J¿ /i LÍ! frarae 5 b aireara tbe 

, -^-O -O altacbed lo páctale L 



37.19 

u h (he vpeed oí 5* relaüve U> 5: Üm H tbe *peed di parlicle 1 Él meawred in rae laboralory. Thm ir 
The *peed oí parbek 2 io í is 0.9_VK . Abo, ¿race rae iwo parlicle^ raro in oppwite dtredww. 2 roovea n (he 
-V dirección aod v' = -0.950c. We M lo cakuUte r„ the «eed of «nicle 2 la frarae i; uie £q.(37.23). 



37-4 Ompter 



1 17*777 l + fO^SGcH-aoJOcJ/e 1 1-0.6175 ^ ioc^u.uk™^ 



muelaboratory.b 0.784c. 

EVAU'ATl; The incorrect Galüean expresión fa Ibe «Ulive velocity gives mal tbe *pced oí Ihe »econd pártele 
id (be lab frame li 0 JOOc. Tbe corred relaüvete eakulaaon pvw a rewill mure (han iwice tfüí. 
37.20. tol *nn and Su Vf: UlSb* the UboraJor> líame And leí 3* be Ibe trame of one oí (he particle*, M ahownin 
figure 37.20, Let Ibe ponlive a direclion for boto frame* be from pártele 1 lo particle 2. ra Ibe lab frame particle 1 
1» moving in Ibe *x dtrecboo and partkle 2 U moving in tbe -i direclion* Tben w = 0.9520c and v = -0.9520c . 
v' b Ibe t elucrty partido 2 relato ve lo pártele 1 * 

EXECfTl: ^=-1^= " 0952Oc "° 952Oc ■ =^X9988c, Tbe ^ of particle 2 rehbvc to pártele 1 
1-irv/e 1 l-(0.9520cK-0«20cVc 1 

is 0.998Sc . /< 0 te pártele 2 b moro* lo*anl partid* 1. 



U -• 



Hpue 37 JO 

37.21. lOKWTinr; Tbe relarJvutic velocity aaMition formula* apply lince tbe speed* are elo*e lo tbal of ligbi. 
SBT Um The relabvitdc velodly adUitioa formula lii¡=- V * ~ - 



¡ la tbe mlachktk vclocily adchtion formula for thw ea*e. r a b Ibe relative apeed orparticle 1 witb 
respeet to particb 2. v b tbe ipeed oí pártele 2 mea*ured in tbe laboralory. and u ü tbe *peed oí partkle 1 
mewcured in tbe laboralory. u = -v. 

»-<-^ _&» 4v í -2v+^=0^(0.890c)v í -2c , v+(OJr90c > )=0. 
l-(-v)vi'e* HVt'c* e* 

Thia ü & quubate equation wi(h aolution v = 0.61lc(vmutf be lev Iban c). 

EVAL&'ATE; Tbe aonrehüvblic reiult uoukl be 0.445*:. «bkb b conüderably difiere ot from Üm reiult- 
37.22. iDKVrmr and SET Ita Let tbe tfarlígfalef '* frame be S and let Ibe enetn> *pace*htp** llame be S 4 . Leí the 
positive x directivo for bolb f ramea be from tbe eoeray ipaccihip loward Ibe alarfigbter. Tben ■= 4O.400e . 
v' = +0.700V. v b tbe velocrty oí Che mwwlc relative lo you. 

" l+w/f* ]+ (0.4001(0.700) 
<bl U« Ihe dülvxe il motes u> raeasuml in >oiu trame and me ipeed II bu in yuur frame lo takulair Ihe time 



^..n^frame. f- '• O0,tltf ' -1» 



37.23. loevnrv *nd OnT Uf; Tbí nleience Itamei aie «bown in Pigvre 37.23 



é s' 




j = Arralen Iraxne 
j = 5pjce&bip frame 
Tbe object b Ibe rockel 



H U (be vcJorily oí Ihe 5pa«»rttp relrtive loAnakit 
y 4 =-lOJ60c;v;= 40.920r 

fin each frame the rockel b rao>*ng in Ibe pouüve coordirute directiorO 



RfluívKy 37*5 



U« ihe Lorenu velocity transformaba «n»lit». Eq.(37.22): i£ = * ■ 



r 1 = v SU V ' - — ^- = V . - tf 



4 T-*V? 

v_ 0360c -0.920c 0.560c A 

1 - r s vjtr 1 - (0 J60cK0.920e )U 1 0.668S 

Toe speed oí Ihcspacecrafl relative loAmkiab 0.S37c = 2.51x10* mh. TU immimgn m our reiull for ir mear 
Üul lbe ip&uccraft U movi&g in lbe -i ^lircetioD. witu muving *waj frora Amkil 

EYAlt'ATE : The incorecct Golüean expresión aIwi wys Úaú Ibe *pxxm£t U moving awiy fran Arraki*. bul 
wich specd 0,920c - 0.360c = 0560c. 
37.24. lni.MJ:.: We need lo **e the relatívitíic Dcjrpkf ihift formula. 

SET ÜPt lbe rclabviric Dopptef abdft formula, Eq (37,25). b / = ^— / 0 . 

-■ ^■/fl . tf//J-1 f 

<a) Fbr^í* = 0.95. w= - 0,05 le nxwmg awajr from lbe romee» 
4b) fórjQfe = 5*0. * = 0.923c mminc lo* jreb the 

1- s al i ate: Ñute tbal the speed requtred lo acmcve a 10 tira» greaicr Doppler riuft i* ool 10 tunea the unginal 




Iih.mi-'i .:i SETtr: Source and <*uerrer are approacfaiag. w uve Eq.(37.25): J — 
upeed oí lbe tight wurec relativo Lo tbe ubterver. 

4> = 675 ora. 4=575nra 

Ib) 4.77x10* B*=<4.77X10 ? nMO km/1000 raX3600 s/1 h) = U2xlü' kmfb. Yow fine wuuld be $1.72x10" 
(mmUuoodolhn). 

EVALtATK: The ataree and obierver are appcoacning, *> />/ 0 «wlA<^. Ow rcaull gjvea *<c, asir. 
37.26. IMftJ « = -0.600c = -(3/5)c m Eq.< 37.25) pvw 



|l-(35) W f _* n 



37.27. iDEsnrv and SET l í ; IT f i* paralkl lo * then cbw^« me mAgoitude úf i oodoot fc direcücm. 



Ure lbe cfamn mJc lo evalúale the derivative: £/<i<r»=— — 

di d\ r dt 



Bul — =<k wa=(FfmY}-^f^f n - 
Evalúate: Ourrewlt4«ee»mibEq.(37.30). 
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i [ ■ i M ify íffld Su i : p: U t ¡I KiDCDcbmbr tu t* ihtoF clunm tbe dir<xtion of r md □<* kfl 



ámdvfdi bul (he magnilude uf v ra tbe detKJmraaf ur oí Eq.(37.29) u 

EVA1XUTK: Thii rwull agreea «ilb Eq.(37.33). 
37.28. iDtvnrv aadSETUr: y= ■ '■ , . If y » 10% crcater iban I (hen ya 1.010 • if rt* 10* 



y = LIO and if y u 100% grealei iban 1 then y=2.00. 

(a) v=c N /l-!/flXH0) I =ai40c 

Ib) rscJl-lXMO) 1 =M17c 
(«> y=c JI-1A2MJ* = 0866c 



(b) F = v' m i = 2« M = y , =2= y =(2) , ">o-L T = 2'" :J i=^2 :DT = 

37.30. The torce U found frora Bq.<37J2 w %(37.33). 
(a) radi«ragu¿raab!e íroro F = ma =0,145 K 

<b) y*«a = 1 .75 N. 

<*) yW=5L?N. 

<d) ^ma=0J45N + 0.333 N.1.03N. 

1 - 1 t v* Í3 



^7/7 36 ? VJ6 

37.32. £ = 21*^ = 2(1.67x10^X3.00x1^^^^ 
37JJ. 101-mryandSETUPT U* E«.<37J8>attd<37J9). 

EXECUTI:<a) ff=attVr a »£=4.oW mea» Jr = 3.00iwc l =4J0xlCr" I 

<b) fmfacfif+tptfi ff=4«Bc 1 ,«ol5.0(«c 1 ) 1 =(pc) í 
p = JBmc = K94X1CT» kg ra/* 

<c) E=mc i tsjí^77? 

£=4.<M«c J giw 1-^/^=1/16 and y =^57Í6c= 0.968c 

EVAU'An; Tbe *peed i» clü*e to c síncc Ibe kioelk enetgy u greaier Iban tbe real enecgy NowelativistK 
expresión* rtlating £ K t p and v «iU be ver > raaccurate* 

37.34. (a) W=A«=(r f -l)«c 1 = (4.07xlO J )BiH. 

<«> Tbe re*uh ot part (b) i* fax larger (bao raat ot part (a). 

37.35. 1 1 ■ e . m J - : U*e E=mc 3 lo reble Ibe mas, racreaae lo (be eoergy hiW 

<■) SaT Ifr: Your total energy E racream becau*e yow uraviiaaonal potential cneray mry increwe* 
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EXECUTE: AE = mgAy 
A£ o (Am V a » Am = ¿Efe 1 = « j(Ay)/r* 

Am/msfíAyVc 1 =(9 JO m/^XSC nW2.99&Xltf ra/*) 1 =3JxlO*"% 

Thw mcrcíuc u much* roucb too símil lo be autkt-d 
4b) Sd l f: J b , energy inore**** becau** polenti&l eocrgy i* «toral Id ti 

EXETOTI: A£ = A(/ = ¿ta' = £(2.00x10* N/mX0.060 mf = 36.0 J 

Am = (A£)fo > =4.0xl0- ,< k¿ 

Energy racrca*** wj mu* inore****. Hw tnui merca** i* nwh, roucb too «nuil to be noticcd 
EVAIXATK; lo botb ca*** tbc cncrgy iocnw c<XTC*pond* to a ma» tnoreaie. Bul iiacc < x i* a very large 
Diunbcr tbc roa** incitase U very «nall 

37.36. <a) £L=»^* 2JT s^sW- Tberefore. w = 2ns^ ■ S , s2ny 
1=1-4=* 4 = -^v=c^4=0«6c = 2.60xH/aV» 



tb) lOmV =m t - : = 



l-^-= — ^4*=— - »=f J^=a995c = 2.98xltfW* 
7 100 7 100 VlOO ^ 



37.37. [[■: mi;.', ■ M : Ul ■ Toe cner^y equivaler* of roo» li £=*c\ j> = 7,86 s/cra 1 = 7.86X itf k^ra* . FOT a 



W^fW^ U1X '°' kg ■ =0.141 m\ ¿=V"=0.521ra=5Ll OT 
V p 7.I6XI0 1 kg/m 

BVAUSAn Partkle/anti|*artkk armtolalkin bu been observed in (he ]uK<aiwv t bul only wiib small (ruamiüe* 

níinitniiir 

37.33. (5 JZXlO- 2 * kgXJOOXlO" a/c) 1 sUTXIO- 1 * J = 3105 MeV. 

37.39. I [ ■[ .m j -', .. . M : U ■ Tbc total awrgy i* pvec in Uno» of tbc raoroeoluro by Eq.(37.39). !n Ierra* oí Ihe toU) 
eaergy & (be Idneüc energy Ki* K = E-mc* (froen Eq.37.38). Tbe revi caergy » 
EXECCTI: (ft) £ = S WV+(^:) 1 = 



N l(6.64xl0- ,, K2»8xl0 l ) i | 1 +iaiOxlCr"X2.998xltf)] J J 



E=W7X10^* J 

<b> «^ = (6,64X10-* kg)(2J98xlO' m/*)* =5*97xl<T* J 
ATsE-wr 1 =8A7X10-" 1-5.97x10"* J = 2.70XtCT 15 J 
_ Af 2.70x10*** J A _ 

EVAIXATE: The ineorocí ncwUivirtic eipre***»* for /Tand^give K = n a /2m=3JxlO** J: tbe 
relaüvUüc *-alue ib leu (han Ihi* 

37.40. B=W+?W=m?\ld-£. 



37.41. (a) v=Sxl0 T m/i^y= ■ * .=1.0376. fix = ÍW =534xHr 4i J. 

^í—ir/tr 2 

^ É =<y-l)«r 1 =5«xlff* t L ^-=1»- 

<b) v = 2.85X10" ra/*; y=3.203. 

^ = -«v 1 = 67SX1 0" 11 J; JC - =(y-l)nic J =3.3IXlÜ" ,l J; ^/Jf^BiSS. 
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37.42. iDEvnrV; Sin* ib. ■ peed* m^\A>vd ure dcne U>rbat oí üdit *e mu*i u*e thc relatiñtfic formula Cor fcncb¿ eeerev 



Jl-(ftlOOcVc) 1 



(*) r=(r-lW=|^p¡j— y-1 1 «^=(1.67X10^ kgX3J»XÍÜ' ra/<> 1 
JT=fL50XICT' 0 J)l ■ ' ■ -ll=7.36xKr"j=4.73 McV 

*. vi-0.0100 J 

tb) tf = (1.50xKr w J)j ! -l| = 2J2xlCr ,l J=]45McV 

l^-í.0.500)' ) 

M r =0-50x10^ J)í-_!^_-lt=]WxlO* l *J=]210MeV 
* Jt -(0,90o) 1 J 

Id) ¿£=2.32x10^ J-7J6x10- | *J = 224xlCr 11 J = 140 McV 

(t) A£=lWxl(T l *J-2,32xICr n J=],71x10^ J = 1070MeV 

(0 WUhoul rcklivity. JoImp*. Tb* «wkdone ¡n accelcraung a prolratoroOJOOctoOÍCOf ialbe 

□onrelaUwtie brnit U AE = im<0.50Qcy -im<0.l0ür) a =1 JlxKT" J=1I3 MeV. 
Tbe work done ra «xekntifl); a protón troca 0.500c to 0,900c ra Ihe nonrctauvUbc límit b 
A£=IiiKO,900r) í -IifKOJOOc) í = 421xlO" 41 J = 263McV. 



EVAlt" ATK: We ¿ce in Ibe ünt ca»e Ibc nonrelanvblic rewlt U wilbin 20% ul ibc f cLamnic re*ult In Ibc 
a*e ( thc rxnrelalivUtic rewilt b utv duTcrenl liora Ibc rclatmrtic resuft since Ibc vekvitie* are elo*er to c . 
37.43. [ i i ; m j , ', .:: M : I t Use Eq.(23.l 2) and eooierYation of cncrgy lo reble Ibc polenoal differeoee lo Ibc kinetk 
energy gained b> Ibe electrón. Uw Eq.{37 J6) to calcúlale Ibc kinetfic eoergy trom Cbc ypecd. 
EXEOTTV: (a> K = qáV = eAV 

K =n^f ! -11=4.025^ =3295X1(T 0 J = 2.06 McV 



AV = AT/e = 2.06x10* V 

Ib) Prom pan (a) t I = 3.30x10*° J = 106 Me\ 



EVAJA'ATE: The vpced i* elote to c and Ihe fcincb: energy i* four lime* thc revt mató 
37.44. (a) According to Bq.(3738) and «m*ervat>oo oí maii-energy 

2Jrfc a + me 1 = y2Mc* ~> y = 1 + — = l +-^- = 1 .292. 
' 9 1M 2(16.7) 

iince r= i_.»*ha W tha< 1= jTj~= L_=0.633l. 



1.00 McV 



Note Ibat 

(b> According lo Eq.(37.36). Ibc laneüc cnerg? 

ATsCZ-IJAJe^sO^-iW^XlO^k^ ^ ™ j ¡«274 MeV. 

<*)Tneretíenc*gyoí i)*it nc i = (9.75x]Ü"*' kg)(3.00xlCf rn/*)*! l ¡¿^¡5»» j |=34«MdY. 

(d) Ibc kioctK cncígy lotí by Ibc protón» b Ibe energy thal produce* Ibc tf\ 

548 McV = 2(274 MeVV 

37.45. iMOTTFY: Ibe rdabvubc expresión íor Ibc bnebe cncvsx * K = {y-\)me 1 t vhea y=-jl — fend x=v a /c 1 . 



n lt Newiotuan exección (ui Ibc tinctit 



SETUP: SoJvefa.wchlhW K =Ik u . 
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4 ^-x 4 t-x \ 4 ) 
9x 1 +I5x-8=0. * =ij(-]5 ± ^05) J +4<V)(8>). Tbc po«ü ve root i* x= 0,425. x=vVc í ,»o 

EVAHMTC: Tbe JnKtitcLiJ increaie crf ib: relathiifa: expreukin ¿Njvc ihe nonrelauviitic <me tncrcj&taa* v mcraue*. 
37.46. The tactiva of Ibe imtial m*s (a) Üut kcgrow encrey i» 1- < 4 »°°' Su > = 6382x10"*. and w Aé 



per kilogram b (6382x10^X1 00 kgX^OOxlO 1 m O j =5 .74x10** J. 

^0X10^ 

5.74x10" J.lcg ^ 

37.*T7. (a) £=me a lH m = E/e J =(3.8x10** J)/(2.998xltf m/*> a = 42x10* kg. 

1 fcg U equivaler* lo 2.2 Ib*, a© m =4.6x10* toro 

Íb> Ibe curren! mu» of Ibe *un i* 1.99x10" k$. %o rf woitld lake il 

(1.99x10* 'kt)/(4¿xUffcg *)=4.7xl0"i=1.5xltf' «BÉTJ toweupalliU 
37.48. lOCYrirY: Since Ibe final *pecd ll cióse lo Ibe raed of ligbL tbere will be 4 



SET UPt Ibe nonreUtivirtic work-energy Ibeorera u FA* = —mv 1 -I«v^ and tbc rdabv&bc formula fot a 
conaiant forcé b Fáx = (/- l>wc*, 

U> Using Ibe ctavical work-energy tbeorera and wlving for Ax . *e obtain 

»<^-v¿) _ <o.iooxto"w 

2F 2(1.00x10* N) 

(b) Uung ibe rclauviitic «xirk-eaergy theorem tbr a conaUot forcé, we obtain 

F 

Fot Ibtr pvco «wd r=-, — i_- = 2.29. Ihu* 
Vl-0.900 J 

(229-lKO.tOOxlO J kRK3.00xlO , m*) i „ É 

dx = j = H .6 m. 

(lJMXltfN) 

Evautate; (el The dirtance obfaíoed from Ibe relaiirótic treatmerd i* grealer A» we bave «een. more energy U 
requtred lo accekrale an objecl lo speedi ekne lo c. %o Ibal forcé muvt acl over a grealer dbUnoe* 
37.49. U) Identífy and SETUP: Af t = 2.60x10** a ii Che procer lime, me**ured in tbc pión** fraroe. The time 

in tbe lab mu* natMy d = ti*, «bere u « t Calcúlale Al and meo uw Eq.(37.6) to calcúlale «. 



!»« * = != =4.003x10-, 
e 2.998xltf ta/% 

Writc « = H-AV solbal («/r) a =(1-A> a = l-2d+A J - l-2d ¡unce d »ümall 



U«ng ihU in Ibe above eiw* 1 



iJM.J^'í. =2.11X1^ 
2| Ai) 2^ 4,003xlCT sj 

l-.s al i at k: An allemative cakulatioa u lo say rbal the leoglb of Ibe oibe mml contract relative lo rbe movim; 
pión üo Uui Ibe pión UnteU Üut kngth before octavio Tbe contracted lenyth muvt be 
t=cút 9 =OStoX[(f nVaX2-60xtCr* í) = 7.79bl 

l=¡tJ\-* 2 fc l to l-« 1 /e i =(i 
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Thca » = 0-AVpvtj A=ií— ] =Íf 779 ? I =2.11X10"*. «fckfcdmtfeL 
* 2I4J 2U-2t>«l^mf 



- 1 - 1 1 

Vi-* 1 '* 1 ^ j2(2,tlxl(T*) 

£ = 154(139.6 McV)= 113x10* MeV = 2lJOeV 

tVAlf ATE: Tbe totü eoeegy b 154 tira* Ihe rcil e*ergy. 
37*50* iDtvnrv imdSET Vn Tbc pruper kngih oí a wóc b ^ = A The side along tbc dtrection of motion u 

to J aj^fl-^yc*. The aidc¿ in Ihe two djrectkiiw perpendicular lo roe motion are unaflccled by Ihe raoüon and 

slill bavc a lengih a. 

EXECLTV: V = ú 1 ! = a Vi - v 1 /c 1 
37*51* lOKyrmr and SET Uf: Itere rautf be a kogih conlraction vuen Iba* me kngih a tarara (he aame as b t 

i (he dbUtncc meaaured by «1 obaerver al roí reJalive lo (he ipacecrafL Uve Eq.(37.l6) and Iota 

EXECUTS: L=yt\-* 1 /e i io -s-A-kVc 1 ; 

a = 1 .40* give* fr/1 ,406 = Jl-u'/c* mdtoa* l-«Vc*« l«1.40) a 
u=jmH\M?c sO.TOOcsllOxlO' m/v 

Evalúate: A kagth <m Ihe spacecraTI 10 tbc dtrcctkm oí Ibe motion b ahortened. A leo¿:ib perpendicular lo Ibe 
moiKjQ b unchan£C<L 

37,52. iDEvnrY and Set UPt Ibe proper time A/^b Ibe lime Ibat eiap*ca ¡n (he trame oí the «pace probé, Ai b Ibe 

time Ihal elapie* 10 tbc fram c oí the carm. Ibe dbUocc tratclcd i* 42.2 bgbl yeao. «i meauircd in (he earth íramc. 

EXECUTV: (a) Lighl travela 42.2 ligbt >>mw in 42.2 yr. so Ar = j _í_ J(42 J yr) = 416 yr . 

Ar, = drJl-irVf* = (42.6 yr)Jl-(0.99I0)* = 5.7 >T. Sbe meaiurca ber béoLopcal age to be 
I9yr+5.7yr = 24.7yr. 

4b) Her age measured by jomeone on earth b 19 yr + 42.6yr = 61.6yr. 
37*53* (■) E^ymc* and y =10=-, — ! ->-= ¡f-Zl ->-= % ¡2L = 



JZ^f c - vi» 

<b> (^»=rAVV,í»=-V*^jV+lJ 

F ^77i r -I + ao. 1 p.995)) 1 - 00, - I *• 

37*54* iDKvrmr and SET ÜPr Ibe dock on (he plañe roeraure* Ibe proper time Af 0 . 
Ar=4.00b =4.00 h (3600 tfl h) = 1.44xl0* a. 

* — , ^ and A/ 0 = A/VÍ^777 




l víW = (l^/^*l4^tbu^ # =A í |l4^ 



2? ' T 2? 

Tne difíerence in the dock readmg* b Af- Ar»=i^Af = I| 250 "¡* 1 0-44x10* *)=5.01xlff* tibí 



clock un Ihe plañe na* (he ihurief djpied 
EVALCATV: Afj i* always k»a tban Ar. our resulta a^ree «ilb (hb. The «peed of (he plañe b much leu iban Ihe 

speed of hgbt* ao (he difTerence in Ihe reading ol ibe I» o docka b *ery unall. 
37*55* ItHtynfY: Sioce tbc wced i* very cioae lo Ibe raed ol Ugbt we 
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SETUf: lbrrd^v»LÍLfL*it n uLi!í]ckiMÍc«nwvu K = mc\ , , -1 and Ibe relalmitic g>a*s i» 



m 

"Vi 



(a) JCsTxltf 3 eV = 1.12X10" 4 J .U«ng Úú* >iihic ra (he rciaüvwbc botUc «wcgy íorrouU &aJ 
raaa oí the prittra for m< 



1 



l-l r =ílL_!i=J — 1 LÍ = 2A. Solviagtor A gives A=* — — — = - Í_=9xl0-\ra<me 

c c c 2 2 



(b) Uuog Ibe relaüvüiic roa* formula ral Ibe rcuh (bal ■ 1 , , = 7.45x1o 1 . <** have 

EVALUATE: At such high *p«d*. Ibe proío** * ma*i U over 71)00 tirae* ** great ufe» MI mau. 

L A . _ £ 

f 

po*emial tnergyi* «¿Av. 



37.56. iDtvnrv and SET UK Ibeewrgyrek^i* £ = (Am)^, Am=;-^)(5X)0ks). />„=^ The 



EXECtTK: <») E=(&m)c 1 |<&00 kgX3.00xltf rafe) 1 =7.20x10" J 

3757. IDOTOT ■ id XET UPt ra crowo gl*>» Ibe «peed of Ugbl is v=Í. Calcúlale Ibe kioetic «ocigy oí u electrón tbaft 
bu thi* apeed 

EXECUTI: ,= 2 ^j^=],972xltf^ 

mr*s(fclMxKr* ksM2.998xltf rafe)* s&l 87 xUT" J(l eV/l .602x10*** J)=0.5111 MeV 

sí-vVc* .972X10" raWtf^xlO 1 rafe)) 1 

JC = BKV-l)=<O.5lllMeV)(lJ2S-l)=0,168 MeV 

EvautaTK: No object cao iravel f ajrter Iban Ibe ipeed of Ught m vtcuum but Ibere i* nutbiog Ibal protubiti an 
object froro traveling foler Iban Ibe ¡peed oí hghi m *orae raaLerial 

37.58. (a) v=ü=*£iíí=-£. whm Ihe atom aod rae phtxc* has* Ibe tan* raa™tudc (4 moraatunx E/c. 

m m me 

(b) v =— ^c. «o 

37.59. ... MTlte UlSbcraelabfraraeand i' be Ibe farae Ibe prc*ra tbal b movu^ ra Ibe +* dwction. 
«o w = +c72. Tbe rdereoce fíame* and movim; partide* are Ém ra Figure 37 39. TT*e oraer BMttinill 
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Ibe -x directora tu thc lab frame. *o v =-<72. A protón ha* res! masa xlAlxW* 7 kg and 
n^=93S MeV t 



The speed o/ each protón rehtive lo Ibe other í% l¿v 

Ib) In nonreialivUtK medianie* ibe speedi ju*t add and Ihe specd oí eacb rclalive lo ibe olber i* c 

[í)Rcbtive luibc ljbiíaiac cat-h ptohiti hai speed r=r/2- Ibe mttl kinetic eoetgy ofeach protón ll 
93S MeV 

y= i , -(938 M«V) = 145 MeV . 
1 




In U* real Irame one protón ha» uro «peed and kto kinetic encrgy and (he olber ha* «poed íc. InlhU frame 



ihe tinetK eneigy oí it< t^iíig poion ls JT= ■ ■ -(938 MeV) = 625 MeV 



(d) (i) Each rxoton tnn speed v=<72 

[ü) One protón ha* %peed v = 0 and Ibe other b» vpced Hie kmeüc eaergy ol ibe njoving protón 

tVAUUn The reUiivist»: cxf«4i>oa (or AT gtw a larger valué Iban (he mrarelaüvUlic cxpres«oo, The kinetic 
oí Émm*mk 



A — — * 



37.60* 1 1 « [ . m J - 1 and SET M Leí 5 be (be lab Irame and leí 5* (he frame of Ibe protón Ihat i* moving m (be +* direction 
tn (he lab trame* a* iho*n in Figure 37.60. In 5* Ibe olber purton movea in ihe -x direcbon »:ih %peed c/2 , so 
r=-f/2. in Ibe lab trame each protón ha* speed ac , where a i* a constan! (hal we need to *olve far. 

— 



M = +acand v*= -0,50c oves -a¿ 



o J -4a+l = 0and a = 026$or a = 3,73. Can' Iba ve v>f.»oocüy £7=0,268 U phvsicallv 



l-0,50rJ 

ilkiwcd Tbe *peed mea*ured by ibe observer in Ibe lab i* 0268c 
(b>Ci> v= 0,269c. y=l.03S0. AT = (y-Dmc 1 = 35¿ MeV . 
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O500c. r=L1547. K={y-\)mc 1 =HS MeV 



s 

Upire 37,60 



37.62. iDtvnrv . : i SET l P: Leí £ be ihe lab ftiinic and kt 5' be tbe &arae of (he mictaii. Ul tbe +* tedion be Ibe 

dtoota teleta limnlait usom. 



= -0.9995*. ( =Í^Í2:^ 
l+(a7500X-0.9995> 



<o 

(í) JC = Í_J - 1 W 2 = (0^1 1 MeV)l ■ ■ 1 1 ¡ = 42.4 MeV 

(ú) r= ! 1 W J =(0.5UMeV>; ! 1 =157 MeV 

íd) enutled in oppoule Uitícüooj 

37.63* lOCyrWY and 5 I : ÜPr Use Eq.(37.30). wiih a = oV/dr, lo oblara an exprca «og fue oV/dr. 

variable* v and / ar»d intégrale fu obtaia an eapreKiion for v{l). Lti (hii eiprewi<m_ let I — **** 

j = íl = £.(l-v*/e 1 ) m . (One-dtraenwonal notara ll auuroed. and all tbe v. anda 
dt m 

-f£U 



— -l ¡=15 7 MeV 

I- (0.9995)* i 



bte$rate frorn r=0. when v=0, lo tone /♦ wben Ihe velorily b v. 



SinceFUcootíant. jjj I. |<ft = ü. ta fce ^)odiy integral raake toe cbanxc oí variable y = v/c tbeo dy=d»ic. 



Thu* ■ = — 
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Solve Ihi* cqualkm for r 

EvajxaTI:; Note that ■ , f f a alwa>* ka Iban I, » y < c alwav* and v approache* c «üy wtwn 

37.64. Scítinj *=0 ta Eq<{37*21).tbc fin* equaüoo becune* ¿ = -jw and Che Un upon rautapbcaboo by cv 
c/= jtf-Squañng and «jbtractrag ghtt tV* -** =y*<cV-*V) =cV.« W =4j3xltf AL 

37.65. ■ i ' lDENTtFY ¿nd Srr L>: U* ihe LoctfDU coordínale tiwwfonnabon (Eq.37 + 2I) Cor (x.i.) »J 



San* porol ta í iropbcB «,' = j¡. Wb* Iheo b 
EXECUli: ^«opbM 

Uwog Ifac rwuU tbat « = — pve* 
Al 

Af" -— ! (¿/-(AO'AtAfJc 1 )) 



nücquaáuQ dMw'lbavcaph^kal wÜJtkw (becau* oí anégalo* «pare rwrt) iT (áxíc) >{d!) <* A*¿rds. 
Ib) lOCVrmr and SETUP: N<iw requirc tbat /* = f¡ (Che twoevenu w simultanea m 5' ) and u%c Ibc UxtttU 



tXBtxn; t[ = t x «npii« f, - fe' = t, -h^U 1 
Ftora Ibe LorenU iraní 



Uiing Ibc iwull thal u = c'aif&i pvM 

A.':- 1 (Aí-c'Ofcj'/A.) 

Jl-rWAA,)'' 

, A ' -(Ai-c'lfiri'/A*) 

(Ai)' -«-"(a/) 1 



4,' = r = Vía.) 1 -c w 



(c) iDevnrv md SET Ito Ibe rwult from pal (b) te Ai' = M&x)' -('(il) 1 
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EXECVTB: ^ : V^) ! ^ : ^^-^"> Í = , 44X ,^. 

c 2.998x10' r»S 

EYAU.UTK: Thu provide* aDotber Uluitntkm of tbc coocepl oí «mutUncily (Sccboa 37.2): evento otoemrd lo 
be wmultaorous n «jc frune are rol siroultaneoui m MKrther fíame that u tnuv relalive ti» (be ürrt. 

37>64> <») W.Om^i>tHM^ektivútÍc.«d JC = imv J = 18ÓJ. 

(c)iiiEq. (37,23). c) t'sUOxlO 1 ra;*.* = -1.80x10' m»s.aad *> v = 7.14xIOW 

<f) r'=l=6.18xKr'ior/= =6.18xKr , fc 

r I20xicrm> 



37.67. iDCVIirY ral SETUP: An merca** m wavdengtb twesponds to l deaeate t* frequeney (/=c7¿\ »otbe 
are rotmar a*av from (he eanh. Recedirtg . so u*e BqX37,26): / 




EXECUTI: Sdtfftte* (//^+i)= M ud w j ¡^ffi ) 
mm jHV# =c | izí^l^^ ¡= 0357C=I.07X10- 

; ^i4{656 j/95Mr y 

EvalitaTC; Tbe rebtive ipeed i* large. 36% of r. lbe tiovraalopca) trapbcattoa o/ such ubieraboro wül be 
ducuued ra Sectkra 44 «ó. 

37.68. Tbe baieball had be un be moving non-relalmilicaUy. »o lbe Duppler *hili flámula i Eq.t37.25)) bicornes 

/ fi fA\ — (ií*'e)). tn lbe bíuebairs trame. Ibis i» lbe fretiuenc> 1 witb wfurfi lbe radar »a«í vtrifce lbe baseball. iod 
lbe baseball reradiüc* ¿ir. Bul ia lbe cu&ch's fíame, lbe rtflecicd wavei are Doppter ihifled again. so the detected 
fr*jucocyb /<1 / 0 <1H«*}?^^ 

— =2<u;V). InthssCM. 

, = ^ c = (2J6 ^ lgJ) (MOxHf = 4*3 n/i =154 fc»/> =92Jmi/b, 



37.69. iwxnrv and SET 5CO fcgbt year*=4.73xl0" m . Toe propee delante m Ai »(ar ll 500 Ligbt yeaw. Tbe 

moa needed s (he kinelic eocrgy oí (he rockel at tt» fraal «peed 

EXECfT*: telNaOSfe. Ar=£= 4 » 73xl °* g =3.2x10* s = L0ü0yr 



propec Üroe b me^ured by lbe arfrooatitt. Ar, sAr^l-* 1 /** =866 yr 
Thiii« 140£ <if IbeUS. yearly uie orenergy. 



JC =(9.00x10* 
Thi» i* 53 time* ib. 



= 5-3x10* J 
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fe>*=0.9999c. Ar = £= 4 73xlQ " m . 3 IJ8xlO"*«30ljr.dk-7Jw 



K =(9*00x10** J>¡ —^—í 



^-(0.9999)* 
Thw i» 630 tiroc* (he UA yevly 

The coogy «ití or rcekratiog * roeket U> (he*e «peed* i* i miren». 
37.70. i») As in (he bao!, bolh (he *cnfci vid tbe recen ver raeauire Ibe *ame dblaoce. H<iwe*er . ra wir frane. Ibe ibip bu 
moved betweca e?nii»cci of 5ucxe*itve uavefaratv and we can use Ibe lime 7 = l* / roc praper tune, wüh Ibe 

tm±Émf=yf Q >U 



/ - U = 930 MHi - 345 MH* = 585 MH* 
-0.758 



le) \¿ =1.53/ t = 528 MHj, / - /_ =183 MHx. Tbc »hift b Oül bígger (han / ... butnot w larjw m ihe appruittnn? 



37.71. Toe crui ol ra* pablan b Ihe ^ oi «¡mulumtiiy. T» be *« Ihe b*ra at ooe for (he runner ll 

ih-w foc * AUCkraary ob*erv<:r m Ihe baro_ TTw dn$rara ra Figure 37.71a show* the rod fiBing into (he baraal lime 

r = 0.a<CCTd»gtothc*tationary obaerver The dfagBMn in Figure 37 t 7|b i* ra rae runner'* írame ol relereoee. TI 

fronlof (he rodeclem Ibe baraitfcne f, xnd kuve* ibe bicfc of the bura ¿4 Qrae * t . However. Ibe bacfc of rae rod 

does rwl eoler (he front oí (he b*rn ualü rae later ttme t*. 




aso» 

*dlr>«ih) (un) 

w 




Kigure 37,71 



[b) 



37.72. lnEq.(37.23) ( ii=*'-/=(e/«) í md «o v= ieM) *J = j^^ - Vooo-relaüvg^Ousb 



.(< CT ) + V)a-<VA*))=^ 



ForwKei, « = 1333 



A =0.437. 
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Al 



rfv i-ave* a-¡w?r',? 



(rom ^^5ju¡rtm^ivwcb*npns «-^^v-^-i^^as^Q-ii 1 /^! 1+^ 



37.74* (a) Ibe «peed v' b mc^urcd re lab ve lo the rocket. and sj for the rocket and iu oceupant. r =0. Tbe acceleralioa 
ja mu m (he nxiel ú viven tobe a —v. and io ibe acceleialica a* measured on ibe carth is 



tbíWiih v,=Ü*heo í=0. 

.1 e 4 - 



le) dt=.ydt = éttj\- *V<r\«> (he rebrion in part (b) 



í=*/e) 



¿/and,*- 



<= 7 



teinuof 4'ad4f f i* 



Pbf 



avotd m>er*e hvperbobV tuncUoru. ihe abo\e integral may be done bv the melhod o! partial fraction*; 



, which intégrale* (o t[ = — In Ü-Lu. 

2ff U-»i 



" Q+'/cW-nVc) 2 l+n/e 

(d)Solving the c*pre«ion from part (c) for S « ten» oí ^. ( V c) = c). *o tro. 
^-(^) J =l/coahW¡ rtnung tbc imperte mdenbbcí for D>perbouc funtfkK*. U«ng th»iaü» 

íound in part <b). V=- = I»nb(f tf/c ). whkb nuy be rearranged Uightly » £¡.=«nhj £Í t U 

<S V«o*(í</rt g c \c } 

arenotuied. n in Ierra* ofí¡ i* round lo be 5 



ianb( Hf/e), Inaerting thi* e*rxe*iion inU> Ibe resull oí part (b) give». alter much algebra, f, = _L(e* * 
which i* equivalen! lo the exrxeuwn round uüng hyperbobc ftinctiora, 

le) After the fim accelerabon wrw! (oí 5 >rar* by SteUa'* dock)* Ibe eiap*ed tirne on e*rth i* 



<=í *inh< g(¡!e ) = 16SX 10* i = 8«yr 



Tneelap*cd time »ill be the »ame for eacfa oí the rom parta of Ibe voyage. *o wrien5klhha*retun)rf. Tetraba* 
aged 336 yr aod the vear t% 2436. (Kecping more precisión than i* gtven in Ibe probiem jpvt& Februwv 7 oi thai 

37.75. (a) / i =4«8110xl0 M Hz;/ t =4J6©lOxlO M Hi:/. = 4J67710xl0 l< HE 



/. J ( C -(y-»)) = /. , ( f+ («-.H 



37-18 Ctapter 37 



where u b Ibe vclocity oí che ceoler vi m*tt and v U (he orbital veloály* 

=?if+v=3.23xl0 4 Rv* and *-v = -2,63x10* ra/* É 
TTwpves «=+]J|xl0 4 m^(nu>vijiBlím*rdall3J km/«> and v= 3,94x10* ra/*. 
<b>r=3«xl0 4 m;K:r=lL0dayiL 2rftf = vr^ 
p _ <3 W Xl0V,)<ll^^ 

0.040 nmc i Ihe eaitb-sua di«ancc + 

j\bo ihe ^raviialiooal furce fc^ítw'een iheoi (ai dL£taoce of rauzil eojiLil Ihe DtDM tpr^al forcí froen (he 



W""F "C 6¿72xlO-»WV "5xl0-ks-0.279n^ 

37.7*. Bwanyfuoctk» /=/<,.r)aod x=xix'.l\t=Hx\<\ kl F(*Y) = /W/.i\l(x' ( /B 
<bu( matberaaticaUy ímpeoper) ooutkra F{x\t)= f{x\t\ The chain ruk b Ihen 

a* = a*' lh + 5 # 
ay(*\ _ fV(í. o m ¿/(-r*. /> ¿y 
5í a* IT* dí' aT 

la ihb sjluboa. (he explicii depende&ce oí (he íunclioeu otj ihe *ct% oí dependen* ^arables b £upf>re*%e4J* ¿nd ihe 
^ =-vH+M. To find tiií MMnd Croe <fcnvMi>e. te charo míe musí be appUJ tu botí, unm: thM U. 



ül£ = ~ v l¡x r+ dnx7 

a as y£ a*£ 

a7^ = -*a7aT + a7 r 



Pe 



Uto* iheae in^. wUccIing Ierra* and eqimras Ihe mued panul derivaiivw giW 

*e _ . Ve a a £ a'£ „ nm ,™ f „ y * ^ 

tb> fl>r Ib* UffcoU tnuwftxmabí*». = v. ^ = *v. ¿í- = r^r* «kJ^-=y. 



Theíiol pirtiabarerhen 

a£_d£ v d£ a£_ dE d£ 

aT =y 5T ~ ym ?W aT = ~^a7 +y aF 

ixtd the secood pártala ¿re (^ua equatrag (he ttuxeJ jMitiab) 

la 1 ^ ív*a a f , » * a*g 
a?~~ y aF r ?aF 7*ayae' 



Subtfitutrag uUo ihe »ave equaüo* and MDBttmg btti (note thal the mixed partiali c««D. 



ReUivity JM9 



37*77. (a) Lii (be cenler of momotum Imu. Ibe two pro Ion» approach eacb other wiih equal velocrtie* (mixtee Ibe rvolonk 
bave Ihe sume m*t*X After Ibe cottUio* Ibe two prolon* are al rest-but naw (bere are kaoru as well, ta (bu 
¡uriution (he kioetic energy oí che protón* mual equal Ibe lolal re*l energy of Ibe two kaorut s> 2<y A - Urn^c* = 

2«^f l y — =1+— =1,526, Ibe vclority of a pnb!A in Ibe ceoler ol rnomertf uin frame it iben 




To jet Ibe velocity ol lb¡* froto» ta (he lab frame. murt u*e che Lwnü * etocity iranafonnabociv Tn» i* tbe 
«ame ai ""liuppmg" into ibe prtrtoa Iba! wítl be ocr Urgel anü jskmg »hal Ibe velocity of (be ptujectile pro*«w a, 
Taking Ibe lab frrae to be (be uoprimed frame moviag lo ibe letX M=v m and = ^ {(be velocity of Ibe pcojcclüe 
protón in Ibe center oí moiwolum (Tune), 



0.9619c => y* = ■ 1 y = «58 ^ X* = <y w - 1)*/ = 2494 MeV 



2494 MeV 



2mt 2(493,7 MeV) 
(c> Tbe ceoler of roomerwuin cw cowrfered Id parí (a) ütbe *ame w 
rtejuired ¿* juart twk* ibe re* nau ÉBÉffl oí ibe kaoe^ ^ = 2(493,7 MeV) =9S7,4 MeV, TO^oífer». 
¿ubuantial achanta*: o ver ihe fixed Unwt eiperimem in part (b), II tato le« ttttn lo créale lwo Lumu in tbe 



Photons, Electrons, and Atoms 



38 



3M. iDENTH-YMidSETlir Tbe itupptng ptfeníial V* ú relatad lo tbc frcqwocy of Ibc bgbl by ^ =-/--. Tbe 

siopeof V 0 ver»u»/»tó Tbc valué / ft oí/ *ben V^=0 U rcU*ed lo <*by í=V»* 

fiXECLTC (m> Frora rae graplv / 4 = liSxltf 1 Hz . Tbcrcíore. wiifa ibc valué of A troca p«t (b). 

tb)FrOTntbe i F^lhc»lopei* 3.8x10^ V A = (rt*tol») = fl «XlCT 1 * OO.SXlCT 4 * V<)=6.1XKr" I ■ 
<c) No pboluf leclrou» are produced for / < / a « 
-.1 : h ■! a difieren metal / b and tfait -.1: . ■:: " .. The ilopc i* Vf so would be ihc »arac* bul tbc graph Kuukl be 
ifoítal righl or ka *o ii bu a dUfeceot mlercepe wi(h ibc bocuontal mí*. 

EVALVATK: Ai (be frequency /oí Ihe bgbi i» racreawd abro / A Ibc cnergy oí Ibc pbolon* mlbcl^bt mercara 
and more enerve photon* are produced The «ork f unction « calculaled i» sLtmbr lo ibat for gold or «ckel. 
3H.2, E[<[ vrmr and So Un r=/á reble» frequeney and W4veien$ra and E = hf reíale» eoergy and frequeney foc a 

pbaion. r = 3.00xltf mfe. UV = 1.60x10^* J. 

Ib) £=V = (6«óxKT* J *>(S.94xl0' < Hz) = 3.94xlCr l, J = 2.4óeV 
h w |2F ¿2(3.94 XKT 1 * J> rt . 



m V 9.5x10"* kg 

_ c 3,00x10* m. * .-mw 

/ = - = _ = 5.77xlCr Ha 

X sioxior ra 

A = 6«Xl0^J» =12gxlcrtf 

r X 5.2ÜX1ÍT m ^ ^ 

t;=j*-=<1.2*XKr*k$ (3.00X10" rD v *V) = 3.S4xl(T* í J = 2 í 40*V. 

andSETLTp: P m = ^^-. 1*V = L60X10-" J. ftir a photc*. ÉT=V=y- A = 6.63x10"** J-*. 
[a> eoerey = PJ = (OM0 W)(20.0xl0^ i) = 1-20x10-* J =7.5x10* «V 



¡^ = (6.63x lt r"i, ) aoo. l o'^ )=30SxioJ , j=|9icV 

¿ 632* KT m 



(el Tbc nuruber oí pbotoo» i* tbc total eoergy ra a pube ravided by Ibc cocrgy oí one photon: 
1.20x10* J _ „ 

3.05x10^ ^pboton =X93Xltf ' 
fcvALl ATE : Tbc Qutnbcr of pbotuo» in cach pilite b very largc. 
JftA iDtvnrv . : ¡ M : Ul : Eq.(3&2) relates rae rAotoo energy and wrolenytb c=fÁ 
for an elevlroraunetic wave. 



^ * 6.626x10-** t s 

^ ,1 % ^ Z99SX10" nVs trtJ i 



(c) EVA1XUTV: A b comparable to a nuclear radiu». Nole Ibat ra dora« tbc cukuUtion Ibe eoergy in MeV 

. vti verted to tbc SI unil oí íoulc* 



3*2 ClwpterJS 



A = 4J36XlO"** ftV-ft. 

<b>0=y* = <4J36xlO-'%V*XUOXlO* Hi)=4J5*V. 

W (4.136x1o- 1 * eV «Kl^Xltf^ H2)-«5eV=é.O0cV-4J5cV = M5eV 

EvaJX'ATC; Tbc (hreibold wavekri£th dependí un the wcd ftncUoo for (he surfacc. 

iDKyrmrjmdSCTUPr Ecj.(333): Ijw^=V-*=^-£T¡ÚLctbe woAfwcÜin >> froraTaWe38.1.SoKe 

for Notelhalweurote/* c/A 

] (6,626x10^* J -i«5Wxltf nfe> 



mam 2 35xio^ m -<*i«vKi.602xio-*j/ieV) 

imvL=S,453x!0* 1 * J-S nOxlCT" J = 2.S3xlO-*J 



KVAlt ATI; Tbc wwk functkm Id eV *w eco verted (o joule* fur w in ÍUM38 J). A phoU» »ilb ¿ = 235nm 



3M. iDtvntY and JiET UPt ¿ = ^=íi, TV niummim corropond* tu ihe tmmmum >. . 
^ 700x10 ro 

38 A I [ ■ [ . m j - ', . : ; M : U ■ c = . Tbe vource erarte <0.05)(7S J) = 3,75 J oí eoergy u wwbk Ugbt each *econd 
£=V- «Ufa * =0.63x10^ )1 

EXECUT.: W / = l = 3 0 ° X y =5.00X10^ 
J 600x10"* m 

(b> £aVs(W3x!0* J -SX5.00XIO- 4 Hz> = 3J2xlO^J, IV nurnber uf pholoa» omited peí *ecor*d i» 

lili =L13xlff* pfaoton*. 

332X10"" J/phoLon 

Ui Na Tbe frequeney oí Ae tigbt deprod* oo Ibe enei gy of eacb pbotoa. The auraber of pbotoai ernit(ed per 
secoad ii proporlioaal lo (he po«er ouípul of (be vource. 
38.10. iPEvnn: lo lbe pbotoelectric ctT«cL the eoergy o/ (he photor* ü uied (o cjec( aa 
uy excew energy gow tnt» Lidcu energy of lbe ekt'lroa. 

SETUr; TVa*rgytfap***>o»£^^ 
EJCECCTE: (ü) ftora tbe graf*. w v «e ihítí K^, = 0 whea ¿ = 250 nm, w> Ihe (hrabokl wavekngth b 250 nm 
CaJUng/ t the ihieibokí foquen.?. Wt bave 

A = t/Jk = O-OO X 10" mAVÍ250 ara) = L 2 x 10 a * H*. 
4b) ^sy oS (4 > 136xl0" ,, «V'«Xl'2xl0 ,s Hx)s4J6«Vs5.0«V 
(c)Thegraph(^ figure 38.10)» 

EVA1XATK: U (he wavekngih of lbe lighl h longer Üun lbe ibrethold waveleoglh (Iba! i*, uT VA < W*), (he 
kioelK energy oí lbe eleettorut i* really ooC detraed süxe no rivHoekctroat are ejected f rom the raetai 




Kitcure 38.10 



Pfeoiooa H Bacina* Ai™* SU 



3UL 

U>SrrtP; FOT a partirte withraw*. K = p i /2m. 

EXECUTV: Pj = 2ft mera* = 4K|. 
(b)SETUPr Foc apholatu £=pc. 
fcXECVTE: = 2pj meen» = 2£¿. 

EVAOX ATX; The reUtion bdvwo £ rad /> ü diffenrn* for pwtwto wüb ^ rad putei» wjiboui mu*. 
3U2. lotVTOYaal SETUP: eV^íjpnii.wbew^fclbfl*^^ 

ll 2.7ekcmn volt*. 



<uixio-"kg =9 ' 7xItf 01/4 

3& l.v U) iDENTtFY: Rnt use Eq.(38.4) lo titxl Che u^cV lunctra * 
SETUP: *V 0 =tf *o #=Af-eV*=íl-<% 

^sT^lKlO^J-rTOxlO"* 1 = 7^31x10-* J(leV/].602x10-**J>=4,70eV 
iDtvnrv and SO UP: Tbe tbrwbold frequeney i» ibc unaUetf toquen-c? Üut tíill 
U C4xrtvpco(h to ^ =0 raEq.(383).4ü V»=#- 

ib) Evuim As cakuUtod mpwlUU = 4.70 eV. Tb« U Ihe valué jp ven m Tabk 38. 1 for coppct 
31 14. iDKVnrr rad SET UP: A piulan «ro km mu*. «. X* amp nul momentum are «Ulcd bv Bq.(37.40V 
Bq.(38 then reíale* it* maraXum and ««riWltffc 

EXETOTI: (m> £ = pc = (8.24xl0^kg m^K1998xl0•m/*> = 2.47xlO' ,, J = 

(2.47x10** JX1 eWl .602x10-» J)= 1 J4 eV 

* % * 6.626x10"* J * , . 

(b> p = - *o¿=— = =8.04x10 'ra =80» nm 

¿ p 8J4X1CT* k$ nV* 

EVAit" ATE: This «iveknglb U krogcf than vüibk wavekagths; il i* in tbe inírartd región uf ihe 

electronngnetjc ypecinim. Ta check ocr rcttilt *e coukl venf y th¿* tbe «ra* £ U given by Eq.(38.2), u*ing Ihc A 

we have calculaled. 

3U& IDCTITY rad SET UP: Balnxr** forraui* i* j s *| ^r~"T |* Für H , *P«1ral line it=Í Oncewehave 4 
cakutae/lroci / =cÍA and £ Irora Eq.(38.2)n 

IF FI ( íoo j (loo 

ThiAi ¿=12° = 100 ■ xn = 4.341xlQ- í m=434.1 

21* 21(1.097x10') 

_ , c 2.998x10" mf% , „ , inl4 _ 
lb, ' = 7 = 434Ki^ =6 - 906x, ^ Hí 



3S4 Cbapttr 38 



<*> £=^ = (^26^1^* J *K^906xlO w Hi) = 4 J76 x 10*** J = 2.856 eV 

Evautate: Section 38,3 «bows tbal tbe longest wavelength in ihe Balroer «cries (H tf ) b 656 ara and tbc 

ibones i* 365 nra Ora resull lar K r fall* wilhin lhi* range, The photon euerpe* foc bydrogeo atora M*itiaw 

in rae o V ranajc* aad ora rewil! b oí ihis onfcc. 
'vi'. locvnrv :i J SET Vn Fot rae Ljraan «tries ibe final «Ule b n = l and Ihe wavelengras are pven by 

1 J 1 1 



, « = 2J For the Htt *ene« rae ilrul uate b * ^ 3 and Ibe vuvekngthi .iré itm b v 



isJt|^— ^j.a=4J,»~ K=L097xl0 7 ra~\ Tbe longest wavelength b for Ibe sraalleitf * and Ibe 
bíbr «-*«. 

i IF 1.097x10' m- 

1 



■lF"?J"»4' 7(1.097.10 ' m- 1 ) " 875 



So tbe ratecnal eoetgy oí Che alora racrea«cs by J ,44 eV to E = -6V52 eV + 1 .44 eV = -5,08 eV, 

r X 420x10* ra 

So rbe Anal interna] energy oí rae aiom decrece* to £ = -2.68 eV - 2,96 eV = -5,64 eV, 

38.18, IhKVnrv andSETUr: Tbe ioniration Ihieshold b al E=0 , Tbe energy ol an abiorbed photon equars the 
energy gamed by ihe atora and tbe energy oí an emiiled photon cqual* ibe energy leal by tbe alora 
EXEOJT1: (a) a£=0-(-20 eV) = 20eV 

ib) Wben tbe atora in Ihe n = l leve! absorta a 1 8 eV pboion. ibe lina) level of Ihe atora b n = 4 . The punible 

transilion* i rom n — 4 and GnWpondiflg photon enerpea are « = 4 — * u = 3. 3cV ; w = 4 — *u = 2. 8eV ; 

(t = 4 — *u = L 18 eV . Once Ibe atoen ha» gonc lo tbc n = 3WveL Ihe lollowing transilioeu can. oceur, 

it = 3 — m = 2, 5 eV ; « = 3 — > n = I. 15 e V , Once Ibe alora ha« gone lo Ibe n = 2 kveL Ibe following transilion 

canoctra: ff =2-*ft = l 10 eV, Tbe praraMc eocrgtes of cmitled rjwlons are; 3 eV. 5 ©V. SeV. 10 eV. 15 eV, 

andl8eV. 

(c) Tbere b no energy lew) S eV highei in coa$y (han Ibe groirad víale, «o Ibe (feotón cannot be absorbed, 
W TTwplwtooeT*e*3¡*rw ff =3->n = 2 andfor n = 3-*« = la«5eVand 15 eV Tbeprailon 
eoergyrorn = 4-»ff=3b3eV, Tbe *ork function moil have a valoe berreen 3 eV and5eV, 

38.19. 1 1 i t m j - ', : i . M : U ■ Ibe wa^enijra of rae photon U relaled lo rae trawition energy % - E 1 oí the atora by 

5-A;=ÍÍ »bere Ac = lJ40xl(T* eV m . 



KxmTI; <a> Ibe ratnimura eoer^y to ionue an aloro b «ben rae upper ttatc in the transilion has E = 0 . «o 

4=-17¿ftftY. H»ii=S^a=I, ^ =73,86 ora and -fi = -^^^^ = 16,79 eV . 

^=-17J0*V+16.79*V=-0,71eV. Por n = 4 -*n =1 . ^=75,63 nm and ^=-UÓeV. Bar 
(t=3-*n = l, ^=79,76 nn and £, = -l,95eV. For * = 2-*n = l, ^=94,54 nra and B, =-431 ¿V , 

W «i-a = -iio .v-(-«i eV)= 3a .v -d *=-^= l ^ l £f " =m 

tVAlA'ATE: The it = 4-í n~2 tnuuicion cotro u amallcí ihaa Úic it = 4 — * it = 1 tramilion enexev «o tbe 



b lunger ra fact. ibis wa velen tíüi is Lon^er iban íor juv iraraiiioei thai eocb in tbe it= 1 



Pfcoiom, Electron*. *©d Atoro* SU 



(a) Eutuiintf imiul kiiwtic e«rg> and (bul potenUal enere) and *ulvuií lor the ¿cpaialioo 



r , 1 (92e)<2c) , l ÍWXI^OXIO^O .^^^^ 

4jt<, K 4jr<b (475x10*10 

<b) The afcove resull raay be mfotfitutcd mto Coulomb*» law, t*. thc relaüon between Ib: nagnitudc oí Ibe forcé 
and the ttai$m(udc oí tbe potential energy in a Couwrabic íieU u 
F _g_ (4J8xltf tf V>íL6xlO^J. C v) ^ iigM 

F 'T <5J4xHr"ra) '" N * 

3JU1 . U) bmn 11 tbe particie* are Ircaied a* point cnar^ev. f/ = 1 

4*^ r 

SCT UPt n = 2^ íalpha ruitick); a, - S2t fcokl nucleraO; r b uiven «o we cao solue for [A 



> t/=(8.987xltf N .^)'W^f O* =5.82x10-" J 



t/ =5,82x10*° XI ftV/L*ú2xI(y* J) = 3.63x10* «V = 3.63 MeV 
(b> iDCVimr; Apply conaervalion oí energy: A* + V % = A^ +C/ r 

SO Un Let point 1 be tbe iniúal pu*iLioa oí tbe alpfaa particie *nd puUtt 2 be wbere Ibe alpha partkle 
momcnianlv cornea lo r©*L Alpha purticlc u miüally far frora Ibe lead nuclcu* ircapbe* r L * and L r t =0 h Alpha 

parücle *top* implica 1^=0. 

EXEtVTE : Ccoaervafion o/ cnergy thua *ay* AT, = = 5.S2 X 10*° J = 3.63 MeV. 

2 1) m \ 6.64x10°* kg 

EVALUATE: v/c =0.044. «i itü ok touw ihe nonrclalmitic e^reaaion to relate A* and >\ Whenlhealpha 
parücle *topy ¡01 it* imlial kinetic eoergy ha* been con verted lo electrotfatk poleotiaJ euergy. 

}&22* (a), (b) For eálber aloro* Ibe magnitud* oí uV angular raoraentura i* — = l.05x 10* k$ ra*/*- 

ZaT 

1 B : i. locvnrv and SET Vn Use Ibe energy lo calcúlale n for ni* iCatc. Tnen use Ibe Bobr equau^n. Eq*(3cU0), lo 
cakulafcL 

EXECVTV: £ a =-{13.6 eVyn a . *o thia «tale ha* ii=^ÍT57Í3Í =3. Id Ibe Bufar rooóel L=nf¿ *o íor Ihi» ¡«ale 
L=3A -3J6X10"* 4 kg m*A. 

EVAIXATC; We will liad ra Secüon 4 1 .1 tbat tbe modem quantum raecharücal cescrípüon úvca a dif lerent 



iDtvnrv and SKI Vn Foc a h)4ro«en alora E. = ^, cV ¿£ = ^1 . wherc AE b the magnitudc oí the 

ir jt 

eiteruv chance foc tbe atora and A i* Ibe wavelength oí Ibe p botón thal ia absorbed oc erattted. 



i Af-=£ J -A; = ^3AeV)j¿.^j= + lZ75eV. 

.(4J36xlO"%V iK3CTxltfr^>. M , nm /= £ =MÉxltf iHl- 
A£ 12.75 eV ' 

3S*25> iDtvnrv; Tbe forcé bel«wn the electrón and Ibe oucleoa ra Be* i* F = -i — «be» Z=4 it tbe nuclear 

cfaar ge, AU Ibe eooaüot» for tbe h)dro£ta alora apply to Be b ifwecepUce e 1 by a*. 
(■)S1TUP: ModiTyEq.(3«J8). 

=-— — «■ ■ (bydrofen) becorae« 
& 8n h 



Ik^M^tf B," » £, = .6) -li^j=-21 8fl V 



I '. n ■ : s : 1 .^id-fcvel ««©oí Be" tí Z' = \f> taac* Ibe pcun Jk vcl eneigy <4 H. 

i>: ->:rlF: Ibe íoduMíod eoeev i. Ibr cnccvy difidente bctv.ro ibe leA«l tHHI nd the n = I levei 



3M Otfffcrai 



Tbc n-*« kvtl enerjy U aero, w tbe »oiuxatxm eoergy of Be n2UcV 
EVAU'AH; Tnb U 16 time» Ibe ionwtfion eoergy of hydrogeii- 

4 



=Z 1 -^ 1 - = 16(1 ,097 XlO T nf 1 ) = 1,755x10* ra-' fox Be*. 
>*=4A3/í)=4/(J(L753xl0' in^^Xlü^ m=7¿0nm. 

EVAit" ATE: ThU «Mvckavlh U amaller by a factw of 16 compared lo Ibe wavelength for Ibe 



<d)SETUr: ModifyBqmi2>: r^^^j (h>dros«i)- 

EXECCTB; *-*3=¡z?> ^ 

EVAitATK: Bw i givcti n Ibe orbtt radiui for Be 1 * u imalkr by a factoi of Z = 4 
correspondías radium íor h)úrogeo. 
(a) We can fiad Ibe photon** eoergY frora Eq. 38Jt 

£=(WJ?¡ ^- ^=(6.63x10^ Ja)a00xlü^ 




tb) b Ibe B<*r modeL the angular mi>meotum » electrón with principal quantum numhea n b given by 

\U{. 3S.I0: £ = n— . Hmj« h wben an electrón mata a tranaiuun from ■ = 5 b> n = 2 orbital* ihere i* ibe faUowing 

lúa* in anguLir nrorneatura (wbicb we *ould jmuto i* tramferred lo (he pholra): 



Howew. thU predktion of Ibe Befar roodei u »tob$ (a* abauainCbapler 41). 

«.27. W y. = l : lL:, = | =>n= ^gSg ■2.1IK1C1» 
*i 2*A <|2 (6.63x10^ J a) 

A=2^ Vj = ^ = 1.09X10*^ *=3^v» = ^ = 7,27xl0 5 m > ^ 
toOrtHtalpeciod -^-^.^.«W 

* = 2: r a =l¡(2J* = 1^2x10^ a. « = 3: l¿=l¡(Sf =113x10"" l 



L22xíCT r ¿ 

13.6 eV 
"7" 



l3.6eV B 13.6eV 



AE=(13o cV> ■ A* * beema Urge. ÓE -*(13.6eV)ÍZ=(13.6 eV)-í 
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Thu* AE becoroe* amall a* n bccoroc* Urge. 
<b) = it*Jj <o (he ocbil» get fartber aparl in spve M ir 
34.29. lOtvnrY and Set Vt*. Tbe nutnber oí ptotoa* erarlicd «cb worod blbclotal eur^ eraittíd divtfed by (be 
oí orre photoa. Toe eaefgy of oae pb<*oo b p v«n by EqA3*2\ E = Pt pmtbe eaerjy cnutttd by tbe 
Id tima f. 

lo 1 00 * eocrgy ctmUrd by Ihe l*w u (7.50x1o- 1 WMlM«=7J0XICr* J. 



¿ 10.6x10"* m 

Therefc™ = 4.00xltf T 

1.874 xHT*J>fcaotoii 

KVALl'ATE: Tbe aumbtr <if rAottci emitled per *ecood i* extreme I y 1jí¿c 

iDEvnr* and SET UPt Visible Ught bu waveleagtb* (rom aboiil 400 tan (o abou( 700 nav Tbe eaergy oí e»eb 

¡t£ = A;= — = IjWXl ° J "V TTwpouw i^lbeUiUilenirr^ p»^x>od^UKtutJÜ toeTsy£„uir* 

o/ paotoa* A' tiara me eaergy £ oí eacb pbotaa. 
EXECtTK: <») 193 amia Aocier tíun hgbt so u m üw uluav^i. 

(b> £ = ^ = 1.03x10-" J=6.44eV 




EVAlt ATK; A very sraall aauwat ol energy U delrvered (olfackasin e*± pulse, bul 1n« süü vorrespond* (o a 

3SJ1. lOCVnrY: Apply Bq.(3&2l>: *1 

SET ÜPt troca Rg.38 24 j in (be (extbooL £*, = 20.66 eVand£,, = 18,70 «V 

£,,-£,, = 20.66 eV-lS.70eV=1.96eV<1.6O2xlü " J/l eV> = 3.140xl0"** J 

= L2XKT* 

"■=#«=45x10* 

id) EvautaTK: At each oí (be*e tempere* ure* ibe aumber of atora» ta (be 5/ excited »u*e. (he taita) «tale lar loe 
uan&ition ihat craU 6318 ara radiation. i» quite sroalL Tbe ritió iocrea*e* a» tbe temperarme increue*. 

3*.32. Í5L =f -^«-W^ 



4.00x)0" a J. = «•«*• =0.944. Son*.* alom, ir* m Ihc 2». W-le. 



M.33. eV^ = hf^=^L 



. he _ tf.63xl0"«J ,X3.QQxltfm.» _ ,,..-» 
**V- (1.60x10-' 0(4000 V» ' 



Tliii U loe .une ons«er a» *ould be obtuaed ü 'ckettons al tbi< caney wcre u»U Ekarua beam> much man 
íuily pnnhKMl and 



3M Otfffarai 



3S.3I. J e -e .mi>\ ...i SZTVK ^.=eV.wberc Abtbew^cogÜioribexnyaDdl'btl» 

tea!» w v = * = (663 * 10 '¡ J =s ^9 w 

«1 (1.60xKr* v O(ÜJ30xlO- m) 

eV (l.óOxlCT" 0000x1o 1 V) 
(c) No. A piütoa lu» Ibe lame magniCude oí chwje a* an electrón and Iberefore gum Ihe une amounC oí LinetK 
«nergy when acccleraled by Ibe tune rnagnrtudc oí polential tólTerence. 
3ti . .'o . I [ . [ . m j - ', : J . . inicial ekeCrieal potencial energy oí Ihe accckrated electrón* j* cooverted lo kineCie cner$y which 
i* Ibón giveo lo a photoo. 

SET Uf; Toe cleclrical potencial energy of vi electrón b eV^ where V xc u thc aeeelerating poCenliah and the 
ciurttrv oí ¿ pítoii*n k /i'. Sicce ihe enei^v oí ihe electrón li ¿II ¿¿ivcn lo ¿ phuiun, we have eV*c = V fiw any iln\ 

EXECtTt: (m> íVac = V» ÍP*» 

/« = eVAo* = (l-60x 10^*0X25.000 VV(ó.626x 10"* J «) = 6.ü37x IO"Hz 

- 6.04 x 10" rounded lo Ihree dtgit* 

4c) We awurae Chai aU Ihe energy of Ihe electrón produce* onJyone pholon <m impael witb Ihe «creen. 
Evautatc; Theie pholon» are in Ibe x-ray and fray pare oí Ihe eJecttomagneuc ipectrurn ísee figure 32.4 » che 
texCbook) and wuuld be barrnful lo the eye* wichout proieclive glavi on Che «croen to 



58.36. iDtvnrv and Sct VK loe waveleoglh oí (he x rays pcoduced by Ihe Cube i* pve by ^ = eV . 
A'=A+— (1-cw^). — = 2.426x1o -1 " m . Ibe energy of Ihe waOered * ray i* 

<b> ^'=>*+A<l-coa*)=ó.91xi0-" ra+ Í2.426X10-" raXl-co^S.C). 
me 

= 6.9SX 10" u ro = 0.069S nm . 

X 6*99X10 m 

EyautaTK: Ibe inciden! x ray has energy ] 8.0 keV. In iht wcatlenng e ven*. Che photoo lora energy and ib 
wavefcngch mercara. 

38.57. locvnnr; Apply Bq.<38.23>: X-A = — a-oo*« = ^fl-cw« 

SETUP: Sotvefor^:r=Í+4(]-co«^) 
The largo* A 1 corrc*pood*to #=im w> oM*=-L 
EXXCfTl: ¿' = ¿+2^=0.06^x10^+2^426x10-^ 
c«cunua«caltering angleor #=1WT. 

EyautaTK; The incidenC pboCon transferí suene ol ib energy and momenCum Co Che electrón frorn wrucb ti 
«callera. Sinee Che pholon lora energy ira wavelengtb incoMAe*. A' > A 

38.3S. (i)FromEu. {38J3X cwtf = l— and *o AV = 0.0542 un -0.0500 nm. 

(h/mc) 

ib) Ai = 0.052 1 nm -0.0500 imvco^ = l- Q °° 2Uro =0.134, ?=82.3'. 

0,002426 ora 

<e) AV =0. Ibe obotw U undeflected, co*^=l aod ^=0. 
38.39. iDtxnrYandSoUPT Tbe íhift in wawlenslh (>f Ihe pholon U A' -A = -L(l-ev%+) where A 1 i» Ibe 

ter Ibe KaClering and —= 1 = 2,426x10^* m . Ibe energy ol a ohoton of wavekagth A ÍM 



Pfcoioaa, Bacina* Atoms SU 



* V — . Comcrvaboci of encrity applies lo ihe eolbrioo. fc> Ihe caney by Ihe photon 



X X 
«íü^UwcocTgyswoodbylbe 
E3XCUTI: (a) ^-^ = ^fl-«w« = (2.426xlCT ,i mXl-cos35.a)=4.39xlCr u m=439xlCr 1 oíd 

(b) ¿'s¿ +439x10"* om = 0.04250 PDI+4J9X10" 4 nm = 0.04294 om 

(c> E Á =^= 2,918X10* cV *nd £ r = ^= 1S88X10* eV w me pfaotoa toca 300eV ofeoecgy. 



Id» Energy tuiravatm *ay* ihe electro* g±m a 300 «V oí tnei gy. 
TT»ecbar^mwa>efco£tho/ Che wrrtteral [*otoo b pven by Bq. 3S.23 



Ita. (6«xlO-J^) (^ = 2.65x10- 



3M1. The derivo of E<i,(3B.23) U eaplicilly jImwi m Eqiuiion* (38 24) ihrou£b (3827) wiih (he fruí 

p=htk'*údp=hfk >widin$>'-> = Afl-coif). 

K 

3MZ. Rom Eq. (38.30). (a) Jl. = — — = 0.966 rom. and / »— = 3 J0X 10* 1 Hz. Note mal a mote precise 

valúe of Ihe Wien diiplacemeot la» comían! ha* been uwd 

(b) A factor of 100 mcreaie m Che temperatura lowcr* ^byafactt* of 100to9.66 ftm and rawe* me (requeocy 
by Ihe aame factor, lo 3.10x10" Ib. 

(c) Stmihrly. >. = 966 nm má / =3A0xl(P Hx. 
3S.43, (a) H = AtrT*.A=Xr 2 ¡ 



= " Am) \ I^O^OXICT* mX0.30m)(0¿6X5.671XlO" i W/m 1 - K 4 > 
r = 2.06xlO l K 

(b>>, fc r = 2.90xl0- i ra K: A fc =1410nm 
Much ol ihe emitted raJirfimi i\ in me wfrared. 
^ r= 2.90xl(r- n ,.K = 2.90x IO -- ; ,.K = 72Sx|0 , |c 
^ 400X10 1 * m 

.' $A ?. iDCVnrY and SET Uf; Ibe waveiength where Ibe Planck distribütion peak* i» pven by Bq.{3SJ0). 
2.90xl0-mK = ^ 
^ 2.728 K 

EYAU.UTK: Thb «iveleoglb umlhc micro* ¿ve portion of Ihe ekctroeriagnetic ipectrum Thix radiación i* ofleo 
referred to M Ibe "imcrow backgrountr (Seclion 44.7). Note Ibat ta Eq.(38.30). Trnutí be in kelvir*. 
38.46. [ [ .: m j :■ : Since Che tfar* radiale m blackbodie*. mey obey tbe Stefan-BolUmara law xod Wku'a **placemem 
lew. 

SETUFt Ibe Stcfan-BolUmum Uw say* mal Ihe mlerwly loe radiatioa í*/= oT*. w> Ihe Iota) radi&led power 
i* /* = írtr*. Wien s dlsplacemem law idl :; i :. . ; ..it . . :¡ i ^u^ílengm U ^=¡(cooKtaniyT. 
EXECVTV: (a>Tbe hol and cool aUpí radtulc Ibe «me lolal power, so ibe Slclan-Bolixmann Isw ^vt% a4tj/ = 

MJ? 4iI&h=*xRc 1 T* = 4ifM?T t 4 T>Tf = 9r* T>T k = T$ = I.7T. rounifcd to lwo ai^ruiieant digits. 
(b) Uwu WtenS law. we take Ihe ratio of Ihe 



^ thtft) = H = JL =-L- 0.58. rouoded lo t»o «gnif icanl digifv 



EVAttATC; Althoughlbe bol star bai only l/9mesurraceareaof mecooUlar. iu abiotule lemperaiure nat tobe 
only 1.7 tin» akgrcal to radiale me «me amount of eoergy. 
38.47. (a)Le< a^kcfkT. To fiad Ihe máximum in me Plancfc cttrtributioci: 

di di 2*ht* \ (Ifhc 1 ) IXh^í-afX 2 ) 

r?-5(e* -W=íT => -5e*+5=d^ ^ Solw5-x=5e* whete x=£=— . 



JS.lt Orapírrtt 



ll»ioo(U4.965 f *0- = 4.96 



i (4.965U7 



ta _ (6,63x10-" J ^OOxltfiai) ^^^ 



tb> 

(4,965» (4.965)ílJ8XlO"-*J.IÍ) 

tDSflDYl Smce Ibe Mar* radian; a* bIackbodie«* iht v obey Stcf an- Bol ttatÉfl law. 

SETUP: The Steían-Bolttraann law sayi raat (he ralenttly oí rae radiación «/= <tf \ w rae toCal racbaled 

EaXCUTI: (a) / = oT 4 = (5.67 X 10"* Wto* K 4 K24,000 K)* = L9 X 10** Wto* 
tb)WÍen*lawgÍ*e* ^, = (000290 ra K V(24.000 K) = 1 2 x 1CT 7 ra = 1 20 nm 
mi ll DOC «»bk unce Che wavelengra i* leu Iban 4C0 nen- 
ie) /•= A/ ^ =JW=<1.00X 10* W)^ 
wtaich ¿ves = 6J1 X 10* ra = 6510 kra 
K*™*^. = (6v5l X 10 a raV(6.96 X 10* ra) = 0.0093, whx* pve* 

(d) Uiing the Stefaa-Bofcraann la*, we have 

_ *4,C = 4 **^C -i <- r - V, 1 ,| ^ 5800 * , 4 _ ig 

&é- " aÁ &k Jt MM " txftL^Tl^ "I I ' l^J JU,"! 0,CÜ935R_ 1 1 24.ÜOOK 



EVAlt'ATK; Even tbough rae abuitate *urfacc Cernperature of Swius B ü abouí 4 lira» Chai of ora it 
■ « i: I ■■ 1/39 lime* ai rauch cncrsy per w«md ai ora sun becauie <l U su sraalL 

2xh<* a* 
3M9. Bq{3SJ2): /(;.)= rf -p_ w _bra* 4 =l+x+y+' -*l+*for 

U. <.)Wkn'.bw:i.=f. X a « Z9 ^j[- m .MXlir^.iW« M 

Thi» r»eak U ra rae uluavwkt repon. * h«b b visible The sur i* brae becauie (he larpeu pm of rae vUibie 
Hghuadiatedi*ra<bc Wue/víoJet part ofche 

(b) P=aAI* 



[100.000X3MX10* Wsj ^TxlO^-iL- 
*=S2xI0*m 



ilxltf ra 

LE. 



» :ji = , — =12 



4c) The viiudJ lucmnouty i& rxoportional lo Ibe power radialed al visible wavelen¡ílfai- Much oí (he powcr is 
racbatcd nonvUible » avelcngra* H *hieh doea nol contribuCc lo rae visible Iraninoaity. 
3&5L locyrmr and S£T ÜPt Ule c = /A ra reíale frequeray and wavekngra ^ u*e £=A/ lo reíale pholon encrgy 



fcxiaiE: \ a) One pbown disocíales one A$Br molécula so we nccd (o frad tbe energy required (o diuodate a 
single mokcrae The problera KlaCea Chai it require* 1.00x10* J lo diawciale one mole oT AgBr, and cae mole 
contara* Avogadro'i oornber (6.02x10*) of molécula *o Ibe cnergy re<fmed lo diufxule ortc A¿Br b 

6.02x10" raofcculei/raol 

Thepnotonütobavethüeoe^y.io £ = 1.66x10*** J(leVn .602x10^ J) = 1.04 eV. 
^ £ 1.66x10* J 

(di fsV-^tWKxlír* J aX100xlO*Ha)=6.63xl(r 1 *J 
£ = 6.63x10^* Jíl eV/1.602xlO- w J)=4.14xirjT T e 1 V 



Phrtoo*, EJcttron», jad Atcra 38-U 



[eí Evalvate: A f*kHoo witb (requtfocy / = 100 MHz ba» too bule eoergy. by a Urge factor, lo Asocióte a 

AgBr molecuk. Tbe pbotocu id (he visible Lghi Irom a firelly do irxJividuaUy tuve eoough cnogy lo dU*ocute 
Al'Iíi Tbo buce iwraber oí 100 MHx pbotom c*nl cocuwawLe íor Ihe fact IbaC mdividually Ibey bave too litlle 



a wra reUtivitfic vclodty 



--i-Ha ■ 



2«X* 
Recoil becoaw* 



I« imali m and ttiuü ¿ mué thu filio 



tacóme* large in 
id) JTsUUeV-» - 



<iü¿*VHi.óOxio M *|cV) 

IC= (6.63XICT 14 J i)' = 8.84x10^ J=5J3xlO"* eV 

2(1.67X10"" kg)fl^2xl0 J ra) 4 

K 5.53x1er 4 eV 



10.2 eV 



= 5.42x10 . ITiis injuiie stiiall so rwjil tambe negtectetl 



iDEvnrv aod SE7 Un /=—- luí (/.V 0 )*a*ue**re; (8¿0xltf* H*. 1.48 V). (7.41x10** Hj, 1.15 V). 

(6JSX10 4 * Ib. 0.93 V). (6.10xltf* Hz. 0.62 V>. (5.49X10** Hz. 0.36 V). (5.18x10** Hi. 0.24 V). Tbegrar* 
cf V, toius/í* g>™ fe Figure 3S.53. 

EXECtTK: <m>Tbc tbrcboM froqueoty. /^.u/wbere V 0 =0. i *üra ibc grapb Ihi» U /»=4jfixltf* A. 

^ . c 3.00X10" mfe ,„ 
Ib) ^L= — = o nra 

/ ft 4.56XKT Hi 
W ^="^ = (4.136X10^ eV*X4.56xlO w Hi> = 1.89eV 

Id) =V-#*o V =(-]/-* Tbetíopeofthc grapb i« *. 



1.48 V-024 V 
8.20x10" Hi-5.l8xlff* H/ 
frsM.IlXlir 1 * V/HxHlWxlO* 1 * QS6J8X10" 1 * J * 



Mato 




FiKure 38_53 
= 6.03x10" ptaoton*/aec 



(rfCdr) ^ J* _ (200WX010) 
~ (dE;dN) ~ hf~ 40.00x10* Hx) 

tb)Dem»d (< ^^ f) =100X10" 

Tbcrefore. r» f g^g^gg , 
; 4^l00xltf*photon* «cera 1 ) 

|«) JWNTtFV: Apply Ibe pbotoekctric eflecl equatioo* Eq.(3M). 

SETUP: i;=V-^=(*c/A)-A Cdl Ibe tfoppfeg r**enüal V„ íbr ^ aod for ^. Thu* 
íK fl( = (Ac/4)-*^ elk = (Ar/^)^ 
indepeoJeiu oí ibe wavekmgfb of the lighl. 

Subtracting une ecjualitxi from the otber givu eiY^ — V^} = he \ ' 3 

A.A* 



j*i2 altara 



. „ (6.626x10 o4 1-4(2^98x19 flA)/ 295K10* m-265Kl0-* m , 
W AVo= 1,602x1^0 ! (295x1o 4 m^Xl^ai) !' 0 * 76 V ' 

EVAIXATK: eAV 0 . wtrich ií 0.476 eV. i* tbc incrcasc in pbotoo cnerjry (rom 295 ntn to 265 nm Tbc sloFpinj: 

potenual increara wben A deceavei becau*c Ibc p bolón cr*crgy incrcraca »ben tbc wavelengih decrc**et 
.' s . 7 " ■ . lOKVnrY: Tbc ptxxuckttric efíeel occun. so Ibe coerg) of Ibe pboton U uaed lo eject an electrón, with any 
excew c nti v y goiog into kinctk enetgy of tbc electrón 
SCTUPt ConienaiJonol energy p*e* ttf=hc/A = K M + A 
EXECUTV: (m> Uwog tatt - JC» + * we solve f or Ibe woik i unelion; 

t*=Ae/l-JC« B1 =(4.t36xl(r 15 eV *K3.00xl0 1 iafiW124Bm)-4.l6eV = S«eV 

4b) Ibe Durober A r of pliotocJectnxu per «econd U equal k> (be nurnber of pbotoni per vecond tbat Orikc ibe metal 
pervecond. ^x(er^yof a ito 0 o) = 2J0W.W«oa) = 2.50W. 

/V = (130W)(124amV1{6 r 626xlcr >4 J*K3.00 x lf/m/*)] = 1 J6x JO 11 cketroasfe 

<c>NbpcopoctÍonaltotbepower H *oiflbe power U cut m balf. w ll M whicb give* 

W= (1.56 X 10 4 * d/íV2 = 7.80 X 10" el/* 

<d> lf we cut tbc wavelenslb by balf. Ibe energy of eaeb pbolor» ll doubled «nce E - Ac/A To mamum tbc »ame 
pouer. toe nuraber of protón* mu*t be bair of wbal ibey ucee rapar! <b). w/VÍ*cul ra nalfto 7J0X 10 ,T elfe. Wc 
couW aHo «e (bu frora part 0>). where «V b propocüonal tu Á So il rae *jvdength b cut ta balf, *o 
EYAli'ATt:: lo part (cX reducing Ibe po»er doca nol reduce Ibe rnawraurn kinetic energy of Ibe pboton*; U only 
reduces tbc nurnber of cjecled electrón*, la part (d). reduong Ibc wavelenglb Jiv/ chance tbc máximum kinecic 
energy of ibe photoeleclroru becauüe we nave mereced Ibe energy oí cacto pboton. 
3&CT. lDK?mnr and So Uf: Ibc cneryy addcd to mxu m oí tbc bktod to heat ü to T t = 100 C and lo v^oru» i( iv 

Q=mc(T t -TJ+mL,. wiib c = 4190 JA^ K »d =2.256x10* Mg. Ibc euergy ol one pboton i* 

he IMxllf* 1-m 



X A 

(a) g=(2.0xlCr* k^X*l90JJkg KKlOO C-33'C)+(2.0xlfr' kgX2-256xlO* JAg)= 5JJ7X10"* J 
Tbc pube rouU detiver 5.07 rrd of 
5.07x10^ J 



f 450x10^7 

(c)Odc pboton bu coer^y £=^= L ^^" J m =3,40x10^ J 11^ i±mK-i .v ui j'bMons r«e puUe Uthe 
energy per pube c&vUfid by tbc cnergy of ooc pboton: V = 5 ° 7 ^ l ° < J = 1.49x10^ 



(a) X 0 =— , and Ibe wavekogtta are: cciaum: 590 nm. coppx: 264 nm poUwiüm 539om,nnc: 



b) Ibe wavelenglb* of copper and zinc are in tbc nrtra>iolcI. aad vbible bgbt i* nol enerceüc enousb lo 



, 207(9.109X10^ ksXlW3xlO^ kg) , f ^ ti¥4 , 
^"207(9.109X10- kg) + L673xlO- t$ ' lMxir ^ 

We bve uved lo denole tbc electrón rara*, 
íl» iDEsnrv; lnEq.(3S.18)replace nt=m d by m, =--1 



SETUr; Wrüea* £ = f^-Y- \ m f\ 1 ánce +<c know thal =1360cV 

reduced mw* for Ibe bydroger* atoro; m,, =0.99946(9.109x10^ ^=9.104x10^*1^ 

m P 13^0«V\ 

tXEttTl: í = — 1- j 



Photan*. Electron», and Alóos 38-13 



le) SnVft ftorapart(b). £ =í^_Y-^^\ wlwre ^=1.097x10' m* 1 b ibe Rydbwg con*tant Cor Ibe 



% i 

Un thu rewilt » ^■ = £;-£ / lofiodan exprauon fue 1U. The ñutid kvel for the tramitan ll 
d»i% = 2 U^l arad uwfu^kvdú the Ind. 

1.69x10 (1^097x10^ m -*v * ¡s 1.527x10* m~* 
¿ 9.104x10^' kg (7 Ff 

>4 =0.655 un 

Evalúate: Prora E* ampie 38 ó Ibe Kiveknglh oí the radianon eoüAted inthis tranulion rah\&o™u 122 



The wavelength for muomumü —¡1 = 5.39x11)" limei lhi* The rcduced ra&si íat hvdfuiíca i* very cióse lo 



electrón raaw becan*e Ib* electrón raaw u mwb ks* Uwn Ibe protón max*: ii^/m, = l$36. The muon mu» i» 

207*11, =1.886x10*** kg. The protón ii only about 10 lime* more masuve iban ine muon. so tbe reduced mas* i» 
somewhal smaller than ihe muon itiu^. The rauon-prolon alom h-t* mucb more strongly bound energy levet* and 
moch shorter wavelenguV in iu vpeclrurn man fot bsdrogen. 

(a) The change ra wavelengm ol Ihe icaitered p bolón ii pvon by Eq. 3823 

a'-a = — <L-co*«^1=a'-— fl-co*«= 
me me 

(o.o83oxio-m»- ( tS xlvMj "\ a*o-<umi« 

<9.11xl0"** 4X3.00x10' ra,-*) 

(b) Since the entonen u one-diraenuonal the roa^mtnde of the electrón* moraenfura tnnti be equal lo tbe 
magrütude of tbe chance ra Ihe pboton's momeotum Thu*. 

=1 ¿5x10* kf -m/i - 2xlff* fcg * u/t. 
(el Since Che efecto» ü non reUüvUbe (¿=0.06). K ( = £l =1.49x10"* I*lff*l. 
3&61. locvnrY and Set Vn A' = A+ A(i-«*« 

of Ibe icattered pholon Apply 

c 

to Ihe colusión lo calcúlate Ibe kinetac eneigv oí Che eketron afler Ibe sc*tl*rra$. The 
energy oí Che pboton U ¿ra by Eq.(3*.2). 

Execvtv: (a) p=hW=bMxlO^ kg-ii& 

tb> £=£*+£;; Ae/U=rW 

^Hi"t) = ^ > ^ =i,29XI0 ^ ,=to * v 

EvalcatE: The enees y of me inciden! pboton 1» 13.8 kcV, so only aboul 5% of ta energy i» tranaferred lo che 
electrón. ThU correspondí lo a. fracbonal shifi in tbe chutan* wa>ekngih Iba* U abo 5%. 

38.62. <é) í=18CT»o(l-co*« = 2- A^=— =0.0W9r^w>'=0J849nni 

me 

<b) AE = fcfI-^j=2.»XlO*^ 



(c) The iÁTKltc enefgy b far le&i than me reu nua energy. so a non-rebim**Íc caáculation u adequaie. 

v = j2K¡m =8.02X10* mft 
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ln: -ii,', ■: M . I ; Tbe H a ltne ta the Bilma «lies nmipwHb (o tbe n = 3» r> = 2 UíiuiIkxl 
6eV 
? 1 



IT - 136 8V Ü-AE. 



EXECUIl: (m>11 K ^muUbeg>v«i*fiaiDO U olof«oe> 8 T E,-^=-fí36 eV)jp-^j=12.1 «V . 
(b) Tbere are (bree pouibk traiiHO<*u. ■ =3 -»■=!: &E = \2.\cVx¿ ,uÍL = 103nra; 
■=3-» n = 2: A£=-(13.6 e V)¡ ^.-^.( = 1.89 «V«h1 ^=657 nm; ■ =2 ->■=!: 

Aff=-a3* e V)(^-^j=102eV«d J=I22mb. 

= ~ 13 * eV =-3.4eV. ^=-13AeV. £_-£, =]ü2eV = l.63xl(r" J. 

W __«r-. r- (|38xl0 ^, JK)k|([)rli) -4275K. 

.k.^-kt* t- -0-63x10"" I) _-.„_ 

Mi (ljtxlff* J K)bíl0"*) 

(d) tvr ab*orpbon to Uike place m rae Balmer «nw, hydrogen must jai/t ra the n = 2 »uie + Ffom parí («0, oolder 
ala» tuve fcwer atoáis Id rab. »lale leadiog lo weaker abscepüoa Loe*. 
38*65* (a) IDENTIFY ■' 1 >5.t 1 F: The phoiLm ctxtgy u £iven lo rae electrtwi rnthe atoen. Sorae of thii ener$y 

overeóme* rae brading coers y oí the atoro and «bal i* lefl appear* as kioetic eoergy oí the fiee eketroo Apply 

A/ =£ roe eaergy «vea lo the electiva ro the aloro wben a pholon i* 



tom; Ihe eacrgy of cae cartón U 



he _ (6.626X10-** I iX199Sxltf gjjg 
,* S5.5XICT m 

Í£ = 2J23xKr" J(l eV/Lóraxltr" J)=1430cV. 

The iroalcaergy oí tbe electora b E¡ = E í *ty\ raraeground «ate oí roe bydrogeu 
b = -13.60 cV. Thu* £¿ = -] 3.60 «V + 14-50 eV =0,90 eV, 

(b> EYA1XMTI: At therroal eqmUbriuro a few aloras wiU be ra the m=2 exeiled level** wfckh tuve an 
-13.6 eV/4= -3.40 eV. 10,2 eV greater (han Ihe ecwrgy of tne ground «ale. IT an electrón with E = -3.40 eV 

gara* 14.5 eV Ir oro the absitfbed pht*on* it will eodup with 14.5 eV — 3*4 eV = 1 Ll eV of Une tic enci^y. 
38*66* iDEvnTY* The mfíracbon gialrag aüowi ui lo determine Ihe peak-inteiwHy wavcleottth of roe bgbt Then 

Wien i roiralacemen* law aUowi u* to calcúlate the ternperature of roe blaekbody. and the Stefan-BolUmann la* 
allows. us lo calcúlate roe rale at whkb it radíate* cocrgy. 

SET UF: Tne bn^ht qxA* lot a dilTraction graüng oceur when d %m pi/. Wjth s diiplacernenl law is 

.90x10 m K ^ ^ Strfan-Boli™afro law aay* ihailbe rolemity of the nroaüoa b / = oT\«iroe 

total raroatcclcwra ur=<*7 4 . 

EXECVTV: (t> Ftrvt fmd tne »aveien^b of (he U$ht: 

¿=¿5«0=ílA3«5.Oa> i™^)] «n(lL6'>=5^Zx]0-'m 

Now rove Wkn* * law to Trad the temperarme : F - (2.90 x 10 J ra K W5.22 x 10* ? n) - 5550 ÍC 
<b) Ihe energy radiated by roe Wactbody b equaJ to the powec tiroes tbe ürae. pving 
[/ = fr = Mr = ef»r V «Aica fif* 

t = VAMT 4 ) = (12.0 X 10 a JVK5.67 x 10 J W/m 1 K* )(4r X0.0750 raJ^SSSO K)*] ¿ 3.16 1. 

EvahaTe: By ordroary AtandarcK roía blackbody i* very hot w it do» oot take loae to radíate 12.0 MJ of 



Photan*, Electron», ind Alonas 38-15 



3K.67. iDCvnrY; Aawniing thai Bciel*euse radial» bke a pcrfrcl bUcfcbody. Wm » displacen*™ and Ibe 
BolUrnann la* apply lo tu radiatioro 

SCT UPr Wka*> dbpiaccrnenl law b ^ = »jggj^* > anJ tbc Stefan-Boltm**! law aay* tbal (he 

m-L'tisiiy of ibe radiation i» / = dT \ so the Mal radiated poww bP-dU 4 . 
EXECUTl: (m> First uae Wm* Uw lo find Ihc peak waveleogth: 

^=C90xlO J m KWOO0K) = 9.667xl(T l m 

Cali A* tbc number tarf pcwtona/wrond rwfaalcd. íV x (cncrgy peí pboton) = IÁ = cUT 4 . 

he 

„ (9.667x10^ mH^XlO"* Wfri*»K*X4g)<600x6.96xtO i m)*(3000K) 4 
(6.626x10^ J SH3 00X10 1 nVs) " 

tf=5x]0*ptóufiíi*. 



Evaumtc: Betclgeuic radial» 30.000 time» a* much ener gy per *ccund a* doei um! 
lD*:vnFY: The blackbody radiales beal into tbe walcr . Ixii ihc water al*o radíale* heat back loto the blackbody. 
The net heat entenng tbe water cause* evaporation* Wien'* law tells uü tbe peak wavekngih radiaied. bul a 
ihenniaphile m tbc water mea*ures ihc wavelengih and lrequee»ry of tbe lighl in the water. 

SETUP: BythcSlclan-Bojtonan law, tbe net power radiaied by Ibe blackbody b ^- = fAi - T* Mml i . Sincc 
Ibis beal evapórales waler. the rale al whkh water evapórate* U = L t ^ , Wien's displacemem law b 
A. = — .and tbe itwttfla ibe water = A^: 

EXECtT*: (a) The radiaied bcalb ^ = ^(7^-7^) and Ibe evaporabon rale i* ^= ¿víi. where 
dm is tbe dUU of waler Ihal evapórales in time Equalins; Ibeae (wo ratc* eive* ¿ ^=<fA - ) . 

* i; - 

(b>(i)Wíen í »lawgiveí^=(0.0O290 m K W498 K) = 5-82X iO*m 

Bul thU would be (be waveleiujth in vavuum. tn (be water (be (hennophik urganiim would meavure /L = 4Ai = 

(5.S2 X 10- nyi J3a = 437 x 10* m = 437 um 

(ii) The frequeocy b (be IVH a* H tbe wa>c were in air.so 

/=e/^=(3.00xl0' m/*V(5,82XIO- in) = 5.15 X 10" Hz 

Evaivate : An aheroaliv* way b lo uae (he quanlitie* in tbe waler / = SlJL - </¿^ * hich ghu Ibe *ame 



aniwer lor (be íreujuenev. An ur^anbm in (be water woukl roeaaw Ibe ligbt corntng lo it (hrough the 
wavelenglb il wuuld rocas ure would be reduced by a factor of Uil 
.' v"J Ih:mjí7; The eneryy ol ibe peak-imenuty pbutunt muil be equal to Ibe ener^ difTercoce between tbe n = 1 
and tbe n = 4 vtaleft. Wben"* law aüowi ua to cakulale what (be lempa ature oi (be bbckbody nmst be fot ü (o 
radíale witb iU peak inlermly at Ibis 



Skrlfa ln Ibe Bobr model Ibe enc^ t>f an eketroo in Owll « lií £, = . l3 6 ^ cV . and W»cn s dwplaoerwol bw 

2.90xlO"*ra-K - . ^ , „ 

1*^= — . Tbe enetgy oí a pnuton is E = n/= AoOL 

KXECXTE: Hnd the encrgy (A£) ibal a pboton would necd lo excite (be atoen. Tbe ¿round «Ule of tbe alom 

b n = I and tbe (bird excited state b * = 4. Tnia eneray b (be dtftrrncs between Ibe two eneny kveb. Therelore 



js-ií altara 



A£= (-13 6 eV)| y-p- 1 - 12.8 eV. Now fmd the wavelength of Ibe pboton faarág mi* 
Aí/¿= 12.8 eV and 

á = (4.136 x icr u *V**X3J»xlO l mteY(12^eV) = 9.73><l(r , ra 

Now u .*c Wien * law tornadme lempexaUaw. F= (0.00290 m K VÍ9.73 x 10"" m) = 2.98 x 10* K. 
EvautaTC: Thi* lempa ature i» well above onfanaryroom temperatura*, wbxrh b why bydrogen alonu are not m 
exciled «ales during e veryday conddtioo». 
38.7IP, iDCVrmr and SO ÜPt EJe<1ricaJ powe* b W. Q=mc&F. 

EXECUTV: (a) (0.010)VJ = (0.010X18.0x10* VtftO.oxlO -1 Ai = l0.*i W = 10.8 J/s 

(b> The eoergy in Ibe electrón beam Ibat iw'l c<ra verted to a raya Oaj* io Ibe (argel and ippean a* (herma! eoergy 

Rw isL€0*. Os (0.990)17(1 .€0 a) s LO? xlO 1 J and AT = ^- = MffgM J =32.9 K * Toe 

me (0.250 kgXl » J*g K) 

itmperalure riae» al a rato of 32.9 K/a. 

CvaIAtaTC; Tbe targ el nuitt be nade of a material Ibat ha* a tugb mehing point. 
38 JL 1 1 'E > i J - i : Apply conaervatioo of ener py and conaervalion of linear momentum lo Ih* syatera of 



i i ]■: Ld £, be the tranuuoo energy. E¿ be Ibe energy oí Ibe pbolon wi(h wavelengm and £, be 
Ibe kinetic energy of dte recoiting atoro. Conaervatioo oí energy «i ves £^ + i¿ = 



tMOTI: II di* moil cnen¡v b r* «Uad (her. ibr pbaua «avekngfh i* Á = hclE. 



^.f-W-L- -U-^T 1 -i 



=11-— I -L+— tonco -^-«1 



£Wc hav* u*ed Che binomial uWem. Apwndix B ) 



SET UPt U*e comer» ¿tion ol linear momentum lo lind £ ¡ Aisuming thal tbe atom ik icitiaHy al red, Ibe 
momenlum p t of Ibe recotlinx atom muit be e<fual in mapmlude and oppoaile in duectiun to Ibe momenlum 
p^híÁ oflheemrtrtphoton: k/A = p t . 

£, = it v^mbmcm^oflbeaiom.ao *=¿- 



U* im» resull tn Uw abo>í 
notelballbi^re^uhror b indepjndeol of 

4b) Fox a bydrouen atom m = m and = — — = 6.626x1 Jj| — 

7 * ^ 2mf 2(1.673x10^ kgX2.WSxl0 l mÑ) 

EvaiataTC; Ibe cofTcttion Indepeodenl of n. The waveleovih* of phoüm^ emitted in h>drogen alom 

tran&iLionk are on tbe order of 100 nm = 10" nxM> ibe recoil correcbon bcaceedinjly vnaU. 

38J2. (a) A^. | = ík¡mc)Q -cos^). = {h/mcW-cosOJ. and *o Ihe overall *awlength ihifl U 

<b) Fbr a xin£U- ^caUcnn$ Ihrough angk ¿Jl b = (*/a«Xl-w*í>J. FOT t»x> vuccewi^ 
of if ' 2 for eacb scatienng + 

l-cos^ = 2fl- coa a (tf/2)) and ók, = Wmr»2(l - oo**(<í;7)) 
coa(cV2) £ 1 vo l -«^(02) ¿0- cai(0/2)) and áx ( & Aa ( 



Fhoton*, Electrón*. *nd Atoo» ÍH J : 



Equautyboid*only*faeo 0=1OT. 

<«) (A/mc)20-coi30^)=0.268<A;mcX 

(d> -cosóCT) =OJCMXA. «í). whiefa o rotad grealer Üun the *íuft found in part (c). 

.' iDKKimr and 5 j : \ i Find (he average cbange in wavelengih far rae wattering uie tbal in ¿14 in 

BqX38_23) lo calcúlate (he Avtmgc waitering ingle ^ 

EXECiTE: (a) Tbe wavefcnglbof a 1 MeV pbotonü 
. he (4036x10"" eV'*M2.998xir/' mb> , <rt .„ 

E lXlÜ* eV 

The total cbange in wavelength therefore i* 500X10 4 ra-lXlO"" m =500x10"* m. 

If Ibü itáf\ n produced in 10 a Compton wattering event». Uw wanelengih sbifl ta eacfa wraittnng everU b 

(blUKÜmÜ ro i* = _í_<l-co*#) adátate A We amie.pale tha* * will be ^ unalL lince AÁ c 



mochil* Iban A/aw, w^caou» ra*»-l-0V2. 



mr4iüuiw»mucfaka*lh» L «> tbe appruiro^ti on **u*edu vabd 
(el locyrmr and SET Ul We know the tota) trarwl time un! (be total numbee of cierro». w> we can calcúlale 



fix&cm: TV tola] time to cravel í rom tbe core lo (be surface b (10* y)(3.156xl0 7 tfy) = 3.2x10° a. Tbere are 
10 a * »caUcrin$% durrog Ihi* Umc. w Ibe average Üroc belwoeo *caHeciog* i» t = * 2 *^* * =12x10** i. 
Tne distante lighft IraveU in Ihi* lime i* d = cí=(3.0xH/ nV»K3.2x!0 -1J i)=0J mm 

Evalúate: Tbe phofon* are on (he average *catlered Ihrougb a veiy small angle m each icaxtering c wat. Tbe 
average ditf anee a pbolun ira ve b between *ca0ering* i* very ■: nal ] . 

38.74. <■) Tbe final energy oí the phofon ia £* = ^.and £ = JC. where tfi*the ksnelic encrgy of tbe electrón afler 

he he he X' 



(JC = fi*r í (y-]> ¡rince the relaliviitic exprea*ion UM be u*ed for three- figure accuracvV 
(b> ^=«to*(I-AV(A/mcft 

le) r-l = 1 rr -l = lJ5-]=ft250 1 A=2«XlCr ,1 in 



5.10XHT «. 

" = (5JOX10^m)(9Jlxl0^kgK3.00xlO-rn*K0.250) = 
+ (6.63X10-**!*) 

(SJOXICT 1 * rn-3.34xlCT ,a m>i 



#=tfexos i- — L y — ^i =7^ 

r { 2«xlCT ,1 rn 

38.75* (a) iDCCTtFY and Srr IF: C\mx:v¿i:t>o ol cnrrgy applied lo the eollújon givei £ l =£ r +£ 4t where £ 4 b the 

kineüc eneigy of the electrón aíler the coUUion and E Á and E r are the energiei oí Ibe pbo«on before and aíler (he 

coUbioa Tbe enersy of a pbolon b related lo ib «awleng (b accordinx to Eo (312) + 
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^=5.105xl<r ,T J=319eV 

- 1 /2£" J2Í5. 105x10"" J) , „ . 4 

^ 2 V » \ 9.109x10" *S 

<b) TTw wivclcagth ^ oí 1 ptatttt wiih energy £ 4 bgivtnby E a =hc/A «o 
ftc ^ (6.626X10"** J«*X2.998xlO" mfr) 
= ^ = 5,105x10**' J 

■VAUUBi Only 4 «nuil portion of the inciden! protón** ciwrgy b trtnrfcnvd lo ibc «rock dectrtm; Ito U why 
ibc ^avekngtb cakuitted in pul ib) U raucfa hrger Iban (he wavekngth el Ibc nridciu pboloa m (he Comptoo 
*cutteriog. 

me 



.i. SKr IT: l*S$e%* AA üÍot «> = 

fiXECm: Fe* # = 180*. AX = 2^= 2(2,426 pm) = 4.85 pin. 

<b)SETUPT *-j=4a-*»*> 

0256McV. 

iTiUUlll Any pbolon Coraptoo sodlcrod * ¿ = 1B(T ha* a wekngth iatmac of H = 4.85 pm 4 + S5pmÍk 
n<f M Ibc &uct-wa>ckaglb coJ of ihe rooge oí i-ray wavdengthx 
2Mhe* c 



<c| The eipceraon = a* ibón.» la Eq. (38.36). Plugg»g in the valuei fw Ibr vucuOnb »e> jet 

rr =5.67x10-" W/ra' K*. 
38.78. / = ^r*,P= M, and AE = ft; 



38.79. W-nepoM^rwpdta Erato 3827b: T = í^l and beqnacy ü ju( / = I = 

<b)Eq.(3S.6} U lb«th* /=!(«,-£,). So ^-^] (fiomEq. (38.18)). 

If ». = i> and « = n + 1. tben 1 -J_ = ' - _ L_ 
1 "T "T <"*>^ 
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p = -. and il the rale m wbnb ibe pbotom *tiúx Ihc neta is (dtf/dr). Ibe toree 

on tbe auiÍacc i* (A. 1 - )\JA' & ). jnd tbc preMure i» (A..- di) A. Ibe irjteoiityit 
I =(dNjdi)(E};A = (dN;dt)(hcík)<A. aod comparece oí Ihe (iki expraüuo* $ives ihe pretuure&ft (J/c). 
3JÍJI1, Mumenlura; p+ P = p + P p-P=-p'- P* -> ^'=r-(p+n 

eoeigy: pe + £ = pe + = j/f + )* ■+ (mcV 

/(Pe 1 - 2p* 1 - Er) = - Pt 1 ) 

£t+jV* _ E+Pc 
^ P =P 2pc* + Ee-Pc* ^ P 2pc+(E-Pc) 

E+Pc f [E+Pc) E+Fc 
a<£-ÍV>+2Ac) 



í: + r*- 



2 £ 2£(2£> £ £l ÁhcE 

lb)If i =-ia*Xlfl-'ox£=LO(bclrf l eV = L60xlO^J 

(9JlXlO"*kfi)V<HX6x10" 4 ra) 



=X "l-60xl(T 4*cO^KlCT J) 

=0^4X10- W m)(l+5Ó.O>=7«X10- I5 iii. 

(ti These phutun* are gamma ray*. We tuve takea rafnircd radiabua and co© verted it imo ¿«nena ra>* Perhjpi 

wctiü%copv t oí hith eneruv phtvic*; wberever flflÉtttflAd carama ray 
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MU. lotynrv and SETUP: ftranekrtroa. m» 9.11x10* k¿ . frraprolotv im = 1.67x10^ k$ 

p mv 



WM, inE.M i> SETUF: Forapbolotu £ = Fw an electrón or protan. P = ¿and E = 2L.*o E = JL^ 

EXECUTt: (■) ^■«"'^"^^■«■ttW 
.í 0*20x10 id 

% (1,67x1o-" kg( 

EVAUTATK: J ■ ■: a ■ . ■■ L-n wavelength * ptootoa ha* mucb more cnergy (han id electrón, wbieb io Utra ha» mure 
eaergy tbm a protón 



k <2 + S0xIO""m) 



*U. X = * 

P 



»fflxlff*J.rt = 7.02x10- 



^2(6.64x10"* kg^JOXlO^cVHLÓOXlO* 1 * J.cV) 



BJ. 1 1 .e .m J . ■ Srr Vr. Tbe A Brogbe »-avclenglh u ¿ = *.= ta the Bohr model «vr =«<A/2*), 



tomv=nht(2jrrJ. Combine lbe»e two eipre&itom and oblara an eqoatwn for A ra terrai of fl Tbeo 

EXECtTK: <*>Fo* n=l. ¿ = 2*#i mithii =^=0.529x10"" m, «1^ = 2^0.529X10^ ra) =332x10-" ra 
¿=2**; Che de Broche v.aveleagth eijuab (he cra^raTcmice of Ihc ortxt 
(b) ft* *=4. ¿ = l*r 4 /4, 

^ = Zrfl^ )/4 = 4(2*^) = 4(3 J2 XlO' 11 m) = l J3X10" - m 

4 = 2t/"./4; tbe de Broche wttvkngth i* — = i timei üw cirvuraference of (he octiit 

n 4 

EVALUATE: A* n iocrcaie* tbe rraroemura of tbe electrón inervase* and iU de BrogUe * j^ien^ih decrea*e*. Fbe 
wy n h tbe ctrcumlercfice of tbe octnb euuaht an integer oumbet of de Broche wavelerwtbi> 
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<b> (6.63x10-* J rt/^8l»oVXl-60XlO' l M/«VK9JIXlO*kg) =434X10"** m 

J9*7. I [ ihvniT: A perwn walking ihrouga a door i* hke a partícle gorag ibrougb a idit and batee tboultl exhjbn 
propertie*. 

SET ÜP: Tbe de Brogbe »aveleogth oí tbe peroon il A = Mnv, 
EXECtTK; (m> Awumc ra = 75 kg and v = LO m/fe. 

A = frfcrv = (6.626 X HT* 4 J * *V1(75 kgXl.0 rafe)l = S.8x 10"* ro 
EVAIXATK; (b) A l>p*caJ doorway U about 1 ro wíJe. so the personé de Brogbe i*jvelen£th U mucb loo iroall 
fo ibow wave behatior Ihfougfa a "slit" Ihal i* about 10* tienen w witfe ai Ihe wavelength. Henee ordinary objectt 
do oot vbow »aw benavior ro e>eryday hle. 

MX Corobining Equalior» 3738 and 3739 $h« p = mrj;¿-l. 

< a ) ¿ = A= (A inc)/^ 3 ^! =4.43x1 0" u m. (Ibe rocwrael Doorelativioic calculMion give* S.OSxiO" 4 * ra) 

<b> WmcifyfF^imjmxlQ^WL 
y*. 1 > . 1 1 ■ e . m J - i . : i . M : i e ■ A pboton ha* /ero raw* and ib eaetgy má wavelengih ve related b y Eq.(3S2). An 
am. Iü eoetsy i* rdaied lo tt* raoroenturo by E = p* Í2m and ¿t* wmleapb i» related te ib 
byEq.(39.1X 

w 



he he (6.626x10^ r*X2.998xlO l rn/*) 

""T***™ <20.0cVX1.602xHr'J/cV) 

electrón 

£=j>M2m)soj>= J2m£ = ^2(9.109x10^* kg)(2aOeV)(L6Ü2xl0~* J/eV) = 2.416 x 10"** k$ ra/a 
A=htp =0.274 m 

4b> pbotoo £ = AcU =7.946x10"** J = 4,96 eV 
electrón Á = h/p »n=*/¿ = 2.650xKr* kg-mft 

E=p 1 t(2m)=3¿ttxia m * j=2,4ixicr* cv 

<c) EVALUATE; You ibould uw I probé o] waneknglb aporoairnaLelv 250 oro An electrón wiih A = 250 ron ha 
nroch^ener^yroanApbolonwiih ^ = 250nm m tf mU likely lo darnage tbe roole^k. Notx roat ¿=A/p 
apphe* lo aU pviicte*. lho*e wilb and lbo*e *ith ¿ero roa». E = *f = hcU jppíie* only lo pboloiw and 
E=p i /2m apphe* orüy lo partieiea »itb roa**. 

[ i ■: m J -v: Any rnovin* parbclc ha» t de Broche wmlcngih. Ibe weed of a roolecroe. and henee iU de Broglk 



SETllF: Tbe AvcragckwrtK cnergy oí tbe rookcuk 1*^ = 3^ ^ «nd tbe 

EXECvn: U) Cotnbining 1^ = 3Q 47and IT ^ p J /2w givw 3/2 kT=p¿f2m **óp«= ^5¡¿T Tbe de Broslk 

, , n A 6v626xlO" M J s t _ , - 

u = , = = 1.08x10^ m. 

p JimkT J3( 2X1.67 Xl<r" ^((l^xlO-* 1 J«H273 K) 
(b) Fot an electrón. A= Wp ■ Mií^ give» 

* 6.626X10-J-, .tKxltfrt 



9Jixio-*kg)(Lcexicr w ra 



Tbú b aboul 2% Ihe speed oí ligbU w do n« oeed lo use rebtiviiy. 
(e>B7rpnotoo: 

B=rk/á = (6A26x ÍCT^J iX3.00xlO l nVaV(1.08xlO* s> m)=lWxlCr ,s J 

Por tbe H 2 rnolecule; Km = (3/2)*r= 3/2 (138 X 10"* JACX273 K) ■ 5.65 X ÍÍT 21 J 
r^lbeelcctrori:iC = Wffrv a = ^(9,nxlO' it kg«6.73 X 10*01^^ = 2.06X ICT ,T J 

tVAlXATE; Ibe photon bu abou! 100 tune» more enetgy (han Ihe electrón »d 300.CO0 tirne^ more eaergy Iban 
ihe K> rnolecule. lbi> *bo^ ihal pholom of a «ven wjvelenitlh *ül nave roucb more eoergy iban paniclei ol Ibe 
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39.U. lotvnrv^SETUPT U* Eq(39.1>. 

mam ¿=— = — = r =3.90x10 m 

p hiv <5.COxlO J k(X340raf>> 
EVAlt" ATK: Tbi* «ivelenglb U extremel)* ibort; the bullel wül not exhiba uavelifce jwopertiet 

39.12. (a) A=kJm*-*9=kfmA 

,mv»_'"t _ V (6.026x10-* J*>* -ff-.yy 

2r 24* ~ 2*ih¿' ~ 2(1.60x10*** C)(9.llxl0"" kgXOJSxMT* ra)* ~ 

" ^ o.isxicrm 

39.13. (a) A = 0.10 wn. p=m>=kfA «ov=A;(nU>=7JxlO*m/ft. 
<b) fsiat^slMeV 

<«) E=AcM = 12K*V 

(d> Ibe electrón ú a betler probé becauie fot Ibe ume ' it ha* lera encrgy and i* leu damaging lo the strocture 
beingprobcd 

39.14. iDKVnrY: The electrón* ochave tike «mi and are difíracled by Ibe %üt 

m . U We use «mwvitüüo o/ energy U> fiad (he speed of the electrow. and tbea u*e thi* *peed h> God Ibdr de 
Bro^ie w^vcleng*. wh>ch Illa h/mv. Fmally M ka» Ihat Che ftnt darl rringe for tingle -ilii diflraction 
when a * i a 0 = A 

EXECVT1: (a> Uw energy coasen-atian :o find *e *peed of Ibe electrón; W mv* ■ *K 

whkrh ll ibout 2% Che speed of bgbL » we can ignore relativrly. 
(b) Piot find Che de Bro$be * jvelenglh; 

(9.11x10"*' k$)(5.93xl0* m/*J 

Fot Ibe fir*( ¿ingle dit dark íringe. we hm whkfa pva 

fl= J_ = lJ3xl0^m =6jl6x|cr u> m=0>6l6og| 
sintf níll.5*) 



EVAlt'ATK; Tbe %Ui width i* «round 5 time * ihe de Brogbe w jvckngih of ihe electrón, and both are 
imjükr Iban Che wavelengtb of viable ligbt. 

39.15. Por 111=1. * = h 

JImE 

E= f ■ = .6.63X10- J-»- =6 .9Ul<r-J=0.432 e V. 

2wrf a sin a fl 2(1.675x10^ k5>(M0xl<r l mr*Ín , (2S.6*) 

39.16. Iz^o^ymuimaoccurmbcn ¿«ia - = *= _!_ w d*ní/=-^í_, (Careful! Hcre.m b Ibe orto 
of Ibe mastín*, ^betcas M is tbe nuu o/ Che Ineotning pactick.) 

j2ME*m0 ^(MIXKT" kgXÍ8SeV)(l,60xIO n J/eV)*¡n<ÓO^ 
=2-06x10^* m=0.206nnx 
(b) m = I alto givei a nmumum 

(1X6.63X10-** J *) 



_ ..r^ 

^2í9.11XlCT ,l k í )flS8eVXl.áOxI(r <, J 1 eV) (2.06x10*01) 



3*4 CI»pt*rJ9 



rhw i* raconlyoraerooc.lf wclci mZ\ Iben there are no more 
frt p. -W 0rt6«XHr*J i) 1 

' 5w T l¡n^~2iJTix7a'^^ 

=7¿9xlCT" J=46.BeV. 
i J^lhi*enera v.ifwelel iH = 2.lb«i«D^>l Thi» í Ü>erei»DO»í = 2 rrairauro in thia ca». 



Ihc máximum, w bertas Af i* rae incomíng particle roas» ) 
I 



39.17. Tli*: c^liwiÍOT*roAUtnurob J 5 in^=m^. >í = A= A, w ^=arc»inl — ' (Careful! Here. iit i* rae ürda 
Ihc máximum* wbereat 
(a) « = l -> = are un 



6.63x10-" J » 

(l ^líT m) <9llxlCr* kg) (1 -26x10* ra») = " " 



*' ÍLÓOxlO" 4 ra)<9.Uxl<r" ¿feclO* *'«> l¡ 



(b> fbr unall aagks (in raraanaí) y= W.so y, *(50 + 0cra>(2.07*) ; 1__ t=L81cm . 



v, »(50Acm)(4.U*)| -^^1 ¡ = 3 61 cm and = 3.61 cm -LSI era = L8lcm 

39.18. iDEVnFY: Smcc »e¡ tnoi* only thjl tbe roo*quilu b komewhcre Id tbe roora Ibere ¿a an uncerUinty ra il* 
po*iticra The Hcibenterf; unccrtai&ly principie tellk ui thai fbere b an uncertainly id iü moropturo 
Skt Up: lt»c uncertaraty principie i» AxAp, i h . 

KXEa iK: (a) Yon know rbe mc*quito ü üccnettbere ra Ibe roonx %o ibe raaairauro uncertainly ra iu horizontal 
posición iiAx= 5.0 ra 

ih) Tbe uncertaiuiy principie givev £n&p t £ ft , aod Ap, = ihAv, since we know ihe mosquito'* AUtL Tbd* jrivr* 
AamAv. ¿ A , wíuch M can wlve íor Av ( to gel rae roimroum uneerUinCy m v„ 

^-^- (lWk g X5.0m) - MXl ° "* 
wbich i» bardly a «eriou* irapeUiraenl* 

EvaJataTE; Fin »orae*h*ng ai "large" a» a rao*quilo. Che uneertainty prtnctpk place* a negligiWc uraituion on 
ora abüily to meara ib «peed, 
3949. UtlMCTOTaojSrrUr: U« Ax&p,Zhf2x to calcúlate Aaandoblara Av,froenraM. 

EXECUT.: ^ * »"gg¡^ ■UM» i »* 
1 2*&* 2*0.00x10^ ra) 

A £i= l^rx^k^ ^ 
1 m 1200kg 

(bl EvautaTE; Even for raú veey imall A* Ibe rammum Ar, required by Ibe Heuenberg uncerUinty principie 

i* vei > sroall Tbe uncertainly principk doe* aot impon- any practica] bmit on tbe airnuílaneoua rocas ureraeob oí 
rae poaitiona and velocitie» oí ordinary obseda. 
39.20. I [ >[ Mií'i : Sincc know ibal Ibe raarbk i% wneuhere <m rae tabk» Ibe re U an uncertatnty ra iu powibun. Tbe 
Heiiíenbecg uoccrtauily principie leU* as raal there U Iherefwe an. iracenaraty in iu moraeriluro. 
SY-iVf: l^utxerlaimy principiéis A«4p fl 2A. 

EXCCVTV: (a> Since rae raarble i* tome» here on rae labk H rae nnfa— uncertaimy in iu boruootal puticion ii 
Ax-U5dL 

(b) Fvlkm-inc ibe *wx procedrae a* in part (b) of probkro 39. 18. Ibe raraimura uocertaraíy in rae hoñxuotal 
velocilyoribemarbleb 



[clTbe uncerxainly principie (elb m Chai ^ecanmx know ibat Che raarbleS boruootal velodty w «ac/rY zero, «> 
ihe iroalleU wc coukl raeaunre k lo be i* 6.03 x 10*" m/* a Imn part 4b), Tbe longciC lirae it could remara on the 



The Naiurt cí Pattjclc* 39-5 



tabk b Ibe time lo crawl Ihc íuU *x!th of Ibe Ubk (175 m).*ot = xfr A = (1.75 mV(6.03 X 10"" m/í) = 2,90 x 10" 
* = 9.20 x 10* pin 

Sroce ihe uoivene i» aboul 14 x 10" yc*s oíd, thb time U about 

9.0x10* yr ^ 6>¡ jq14 imKri ih« are oí Ibc uoivenc! Doa't boti wui breath! 
14x10* >t 

EVAIXATC; K»i houiebold object*, Ibe UDcertai&l)' principie place* a iieglj^ible Inmunice» on our abihiy lo 
meajeure ebeir specd. 

39.21. Heikenberg'i Unccruinty Principie* le Ib us ibal ¿— Wo can treaithc *taadaru deviaiion uadirecl 

meajfure of unc*rtaiaty. Hen A¿dp, = (1.2x10"" in) (3.0x10^* kg<ra;*)=3.6xl0~* J-*but ^- = 1.05x10"** J-* 
ThereTore ¿xdp 4 <^-*othe cbirn U iwr vüíi'J. 



39.22. (a) (fa)Í^ M )±kf2s.toá9tm$ Av 4 = (a010> 4 aod Ibe product of toe wccrtainiiei equal lo A/2* 
nüniinum rocoiaiiity) giw v, = A/(2*«(0.010)A*) = 57.9 m/i. 
tb) Repwrting wiib Ibc protón rn&u give* 3L6 nun/i 

-•¿■Sí?- 1 -"» -*-*■ ™ 

39.24. iDIvnrv uid SeT UR Ibe HcUeobírg Uncwttmty Principie tqi Aiáp, £ A . Tbe mcumum alluwed 

2* 2»mA> 2«fl.67xHr'k8)C0xl0 JJ in) 

ma ,- * - 6¿axio-j- «xio-m 

" 2*md» 2*9.11x10-" 4*0.250 ra/*> 

39.25. AHflf= * i£=^=iJ^ilQ^=IJ9XI0-"j=B.69xl0' e V=0.0B69M e V. 

2b 2ffAr 2.1(7.6X10^' i) 

A£ = 0£869M f V^ ^ 
E 3097 MaV^ 

39.26. A£¿f = ^.AT = ¿»c\Aoi = 2.06x10* eV;V a =M0Xl(r'*Vc* 

A 6.6Jxl(r**J'í , w tlv ^j 

EXEOTll: WpboMD fc^'"*' 0 "*,' m =1.99xKr"j 
11:222 * " 2(9.11X10-' kgHiaOxHTm)'" 2 - 41 *"^ 

4b) Ibe electrón has mucb Un* energ> «o wouM be leu dairaginy. 

I \ '.i ' \ :k: Fot apartide wiib ra***, web H ra electrón. í— -í*- Foc a raudc» pboton B~Jt*. 

39.2». W^ = JC = £Í = l*Ííl 4 »V=ÍÜll = 4l9V. 

2m 2m 2™ 

9 UxlO^'kir 

Ib) Ibe vottage isreducedby Ibe rabo ofthe partirte Util, (419V) — —-1 = 0.229 V. 

1.67x10 k$ 

39.29. lotvnrv .■ . M : U : .y\.x) = Arinfa. Ibe jxuitkin probabilit) denwty U pwn by (pO))* = A a s¿n a fa. 

EXECtTK: U>TbeptutaULtv l!4 hi^iwhere *akx = l M>kx = 2XxfA=nX/Z n = h X 
x=n¿/4 t n = L X ± am tox = ¿t4 t 5AM,„. 



3&-t i ;u¡u;j y> 



tb> Ibe probabü*y oí findins Ibe partaclc u zero »b«c |u>f =0. whk* occtits whcre «n**=0 «id 
fct = lraM=fur. n=0. l. V- 
*=*UV2. n = C\ L 2>„.Éflx=ft ^/2. ¿ 

KvAltAIt; The rituaboo U análogo*» ta a sLioding wavi*. wiib tbe probabtlity analogoub lo thc «quare oí the 
aropütude oí tbe *Uodiog «ave, 

Y'^ñuf. *o (^f = |4'N'|==vvV*m í ^f = H 1 « oÍílJ ' t Y l >bM ^ » (k Tn^LM>'l'Í«iKil(be 
astaliünaryitaie. 
To deacdbe a real aituation. a wa>e funclion nuM be r*irmúizable. 
Sti UPt lo* e JV i. ibe r*obabÜily tb» tbe pártale h fouod » volume JV. Sioce Ibe partirte routf be .nunr»A^ 
y muat havt (he property ihji jVr rfv= 1 wfcea the integral ll taken ovex üU ipace. 

EXECtTO: (m) In one dimensión. » havc bere. the mtegra] di*cu**ed a**** i* c* Uve forro j"lytx)f*dx=l, 
(b) Uña* Ibe rwult boro part (a), we have j ^( e" )¿ < = f V^f i = ^- Henee tbú wave fnnebeo 



be oorroalüed and merelore <w be a valid 

<Cj Weooly wcd lo Íal«gr*c thU wivefuirclk>OOf0iO ' btvaüsc il is ¿«o i <0. I^t iXíniiah/attm wc bavt 

EvaUMTK: lí b wete positiva, ibe giveo wave fuocticra couk! r*ot be Dorraalued, u> il would not be ailowabk. 
39.32, (a) Tbe uacertainly ta tbe partirte pottbon i* proportional lo Ibe w*üh or y(x) t and U m ver*dy proptxtíonal to 

Ja. Has cao be seen by ettber pkMting tbe function for dülerenl valueu oí ¿r. fuxling tbe cxpectaüoa 
valué Jo Vd* f or tbe norrnabred wave function oí by fiodmg Ib: ruü widfb xt balf -máximum. Toe 

partirte** unceftawtv m poiitkm decren+e* with wcieañns tt. Tbe dependence or Ibe expecCaboo valué :>*; oo tí 
roav be fouod by coroideting 



=-LLln 









2 3u 



±H-¿- 



(be subiutuiioo u = vímÍüi beta made. 
(b) Sioce (be ujKerUinly m poxitioa decieaaes. (be uncerUinCy m moroencum nuwt 



|W. í.í = (»-"(x. í V-*Mm(«.í. rV*") = r"h y. i). 

Tbe como le a conjúgate meaiucoDVett all t'sXo-ft and vicc-vena. e* - r"** = L 
Identiit: To describe a real lituatioo, a wave function mu^t be iwnmtuable. 

SET I ixl 3 ^ i* tbe probabtUty tbat tbe particle U fouod in tohtme dV. Sioce tbe paiticle rouM be stmtwhtr*i 
^muitbaveibepropen> tlial/l^r iíV¿ 1 wben (he integral U takto o\er all *p*ce. 
EXECVTV: (a) Fot oorroaltzation of the one-dtrneouoaal wave funebua» «e have 

-I A i A 

1 ■ = — , *bich ¿ve* Á = Jb = s*2« m"* = 1.41 m" w 

• I ■ 

Ib) Tbe grapb of tbe wave/uoct>OD vervuv i i» given in Bgure 39.35. 

(c>(i) P=\ m%m j¥t¿* = *AV"*íI> . wbew webaveuwl tlie íact tbat the wave furwboo b an even 

runction of n Evaluattng the integral give* 

Tbere U a littk mure tban an 860t probabibty tbat the partkle wiU be lowrtd within 50 ero of tbe <xigm 



-fe 
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Hunr h a 50-50 chance Chat tbc patbcte wOl be found lo ibc M oí thc ongin. »íucfa ^ wiib ifac lact Ihal 
wave funcbin ta yymroethc atxxit (he y uit. 



Bq. (39.18): ^jjl^+IV-ft-. L* r=-*ft+*ft 

Buleachof ^ and ^ itatwfy Schfddinj«^ equaüco Kp*ratcl> w> iht ifqtiahon *ÚU botíKnií, loe any A or 

-_£_L + f, r . =fit\. *-t 7j. ..... If pmm a solución withcnCTg> £♦ Üwn ffl^n ■*"0 B Vft = M^+C&ij or 

2m dx 

B{E X -E}y % = C(£-£jV r lbi\ wwild tnean Üut ^ k ú 4 constan* niuliipéc irf v v and y, *nd Pj wuuldbc 
fincbawwiHill» «une cnnsy. Hcmvw. £ * £*• » tbü U col powibk. an J p cwwibc aioluticmluEq 



M. <fc«x«r"r rt .LWxlO*» 

V2*JC ^2(9.11x10-" kgM40cVX1.60xlO"*J.cV) 

w *= * = ¡"^HKioy* =667xl0 , ( 

v J2E>m j2<«oVXÍ.6xl0^J.cV) 
Wnwwidthn ümr = 2*' " '«dirsáv/ b^/ii. wben r »the üne frand in part (b) and a i* Ibe £l 

Combiniag Ihe cxiwwkros toe ir, V» = =2.65x10"* kg» ^ 

<d> Av = — — = 0-UJ , m H *tikb i» Lbc *in« «dtr rairmtude. 

39*»* (a) £ = Ac/i = 1 2 cV 

(b> Rnd £ for an cJccIran with .¿=0.10x10"* m ¿=A;pwp=fta=^626xl0" a ' kfnl 
£ = p , /(2«) = l,5xl0- 1 cV. E=qAV m¿V = \.5x\Cr* V 

tsp/ms (6.626X10"* ^m/sXi'p.lWxlO"* 1 kg)s?JxlO l m. l a 

(c)S«w ¿so same £= *-'«2«) bul oow m = 1,673x10"* kg »£=82xl0 J eV and ¿V = * 2 x 10° v 
r = p/m=(6.626xl0"* í kg-m» (L673xlCr* kg)=4\0ra* 

(a) Singk »lit dUlractiom aúnO = mA. A=4ÚnO =(150x10"* m>üi2Cr =5.13x10" m 

6.626x10 o4 J J 



¿=A/mv->v=J»;*U. r= ■ ■ " s M2X10* m/* 

(9,11x10 o1 kgH5-l3xlir* ra) 



(b> asfrfl^J. «n^=±2-=±2| jg^y m |« ±0.684. ^ = ±432* 



39.41. iDtvnrV; Tne electrón* behave liU 
Üresliu. 

SET Un The lintl anglc at whtcfa deslruetive mlerfereocc oceur* i» given by J sin 0= A/2. Tbe <fc Broghe 
waverength of eaeb oí ihe electrón* i» 4 = Vmv. 

EXECOl: (a) Fim Und Ibe wavelen£th ol tbe ckction* Ku the feral da* fange. v* have dan 0= ^2. »bieh p 
(125imiX«nl80') = « íJm dA=0.7725iim.Ni>* *>lvetbede Bravie ^aveknglh e^uaboo Icir tbe spced of ibe 

A 6.626X1CT" J-l 

v = — = „ 3 = M2XlCrnV* 

»U (fcllxKr* kgK0.7725XiO"* ra) 

whxrh 1» about 0 J% Ibe wreed oT UgbL so tbey are itonMiartortít. 
<b) Energy con mlu g¡ v n e V = W im¿ and 

V = «v í /2^=Í9JLX]0- ,I ^«xltfm^O^XlO^CUsZJIV 
EVALUATE: Tbe bote ratut be mixb srralkf th» the *a>eJen#h oí visible hghl f« oVerectroai to 

39.42. lOKynrY; Tbc alpba partrele* and prutuw behave as waves an J uhábtt 
Ibrough (he bok, 

SETUP: Fur a round bule, the fir*l dark ring oceura at tbe anglc 0tw whadi síntf- 122A/D. where D i* Ibe 
díamete? oí Che bore + Toe Je Broglie «-avelenglh fix a partiere i» A = hfp = h/mv. 
EXfXXTZ: Tabng Ihe ratio of ihe «Kt for Ibe alpha parlarle and prolon pwt 

sinf?, 1,22^. 

The de BrtfIM inwimtfh giw* = /i*, and A „ = A*. M ^ = íííl = . IMng K = p'/Zm. we bave 

uoS, ft/p, p. 

p = v*2mX . SÍdcc tbe alpba paitiek ha> I*iee Ibe chaige vf Ibe pnrfoa and boh are acceleiMed Incough Ihe 
pWemialdiHe^.K^^Tbe.rfore P, = ^K, »<J p. = =fi¿M¿= fi£F p . 



S ^i ii i u tin k incie uoaniiliei tolo the rjim t*í the sine* ci 



Solviiufgf tan ^civei un&.= ¡ 167x10 ^ «nlS.O* Má fc= 53*. 

EVALfATC: Smcc vio ^i» inver*eiy projxitbooa) to Ihe maia ot Ibe parbcle. Ibe larger-ma» alpbaparbck* lonn 
ihefffiwtdarknngatasmaller angle Ihan tbe ring for Ibe Üebter pcotom 
39.43. IDKVT1TY: Boib tire electro* and phoiop» Irebave tike wave* and eahibit i»gk-ihl diOraction alter pajuintc 
Uuuugh (heir respective ttitv» 

8krHn l^eenergy tbe ri»Uin b £=^aod(he de Broglic wavtkogth of Ihe ekrOroo i»^ = = ^ 
DcJtrucüve inrerfereoee Tur a 5»gk stil fuvt oecun wbeci a «n ^ = i 

EXECtTi;; (m) Fur Che pherrea: A = hc/E and a suntf = A, Sisee Ibe <i and 0are Ibe same Tor che photoa* and 
ekctrosix Ibey mus! both ha ve Üre same wavdength. Equaling ihe*e Cwxi expresviuoi for A pve» ana^= toE 

Rw me electrón. A = hfo = _ÍL_ and ^ *in &= A. EuuaÜnx ihete C^xi expresé for A pve> <i sin 0= h . 
Equaüx^ tbc tux> expreww»* for «winíígive* A<yF= . whkti pve»£=csS5r =(4.05x]fT' J w kO? 

<b) E = c ^**^ =J 2mC Siact v«e. wme w|uaieroot b>Llbecefore £^AT> l, mcantng tbil tbe 

p bolón bas more energy tban Che eketrun. 

Ev Alt" ATI; As we ba*e seen in Problem 39 JO. when a pbucon and a parbele bave Che same waverenglk tbe 

the partiere. 



39.44. Accemling to Eq.(35.4) A = = i — = 600 nm Tne veloeity oí an efcc (ron wilh 

itt 2 

imi waverenglh i» pven by Eq,(39.1) 

V = £ = A = (&gXlg*J-) =1 . 21xl0 . n y,. 

frt fnx (MlxHT" kttK600xlO"* m) r 



Thr Ww Natun Paiticlea JM 



Since Uui velodly U rauch *maller ihan c we can calcúlale tbe cacrgy oí Uw electrón clauically 
iT = ^iirv" = i<9.ll>:10" 1 ' kgKl^lXlO > m;*) i = 6.TOX1<r a 1 = 4.19 ueV. 
39*45. The de Brogbe w&vefcngtb oí (be blood «U i* 

f«y (LOOxHT 14 kgX4MxtO"'in.O 
We need not be contraed ibout wave befaavtur. 

39.46. <») i=* = *'' ?J ^¿W=jrfl-4W-^ ^AW+fc 1 ^* 1 



^44^) 



(*) ,*=1.00xKr"m«— . 

me 

(9.11x10* ^aOOxltf^íLOOxlO^ra) 3 ^ 
A ^63xlO- u J^ 



= (l-Ak' = (l-8,5üxlü" 4 >í- 



39.47. (a) Recall X=—= — - — = -_í . So Ibr an electora: 

A^ ^UOxlff-» 

JW.llxlfT* 1 kgXl 60xlO MI CK125VJ 

(bífbraDJFfjapjrtick^s-, 6,63X10-* J e =9,10x10"" iil 

^2(6.64X10^ k$J2( 1,60x10*" C)(125V> 

39.48. lotvrmr and SET Vn The roinimmn uocertuitíy product la Axdj?, =A. ¿x = i¡,whcre ij i* tbe recto* oí (be 
irslBcfarcrbil. Intbe 4i = lBohr«b«t imtf = -í-and = ' 



2* " * 2*i¡ 
IherooroenUimoflbe clecHon mlhe * = 1 Beto orbit 

tVAit'ATE : Stnce tbe rooraeatum i* Ibe «me order oí magnitude a* Ibe iracertaiiily ta ibe nraneaium. tbe 
uncertainly principie pla>* a Urce role in Ibe «trocture oí alón». 



39.49. iDtvnrv and ÜET Un Cutiibicaag the two eoualkm* in tbe hert pvea P C = y\K{IC + 2n< 1 ) aaá A = ■ ■ 

EXECUTV: (a)WÍih it=3«c" (bUbecumei A= ■ ^ = — — 

> j3me 1 (3mc i +2mc-) Vl5mc 

<b)(i) Jr = 3we J =3<9.l09xl0" n k0(2 J 998xlO l ra/*>- = 1456x10*" J = 1,53 MeV 
A- * ~ 6.626 Xl0~" J I -6 26x10*" m 



(ü) JC i* propoctional to«. *> für a protón = (m, Am. XI -53 MeV) = 1 836(1 ,53 MeV) = 2810 MeV 

A kpropatkwalto I/**,*» íora proteo As(m % tm 9 MMxlQ-° m) =fl/1836X^626xl0* u m)=3.41XlO" H m 

KvaivaTK; Ibe pro loo ha* a larger reii nu&i energy *o ÍU kinetic encrgy b Urger *ben A' = _W : . The protón 
iIki b¿* lar gei rouenenlum w> ha* a «milkr A. 
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, . (6.626x10"" J-*) A , , 

2.T(5.0xlO""m) ^ 
<b> K=yj(pc) i -time 1 ) 2 -«c 1 =1.3xHr" J =0.82 Me>V. 

<*) The raull o! put (bX aboul 1 MeV =1x10* eV . i» muy order* oí rnagmtudc Urge* than (he potencial 
of un electrón in a hj*drojsen aiom. 
39.51. (a) lMOTOT aoJ S*T Oh Aioft * A/2* 

Etfimale os A.i - 5.0x10"" m 



and SETUP: Miunv /» - 2- 1x10** kg mV* Uw Bq.<37 .39) to calcúlale £. and chen A* = £-*c\ 

nv 1 = (9.109X10-" hJNUHxHJ 1 mfe) J = 8.187x10-* J 
pe=(2Jxl0"* kg'raA)(199SxlO l mfc) = 6,296x10"" J 
£s jQUITJxKr 1 * J) J +(6,296xlO" u J)* =6.297x10"" J 

AT =£-«c* = 6.297x10"" J-eX^xlO" 44 J = 6215x10*" J(l eWl .602x10"* J)=39MeV 

<c> iDKvrmr anJ SO UP: The Coulomb poCeotial encrgy for a pair ol po^ctui^upv^nby Eq.(23.9). Tbc 
protón na* charge +e and tbe electrón ba» cfaarge 

EXECUTO: t / = -^l = - t »- 988xl °' N :; 1 S g ■ MZKlff * =-4-6x10- f-tt2»j,V 
r 5.0X10-" ro 

EyautaTE; Tbe krnetic energy o/ (he electrón reuuired by tbe uncertainty principie would be mucb Urger tham 

ma^tude oí tbe negativo Coulomb poleoüa) eneegy. Tbe Mal ener gy of (be electrón woukl be large and 

positive and Ibe electrón couJd not be bound * ithín tbe nuclcu*. 

39.52* (a) Take tbe dirección of tbe efcetron bearn ta be Ibe *-<lrrection aod (he direcbrc of mobon perperubcuta lo tbc 

Ap, h 6626x10"* 1 ■ 

beamlobetbey-diration. Av = =- — = — — — — -=0.23mk 

* m 2M; 2*19.11x10^ kgX0\50xlO J m) 

(b) Tbe uncertunly Ar ir» Ibe posUion of me pomt where Che electrón* tfrikr me *creco * 



Ar = ¿yi = ^i = * * =936xl0""m. 



<e) Thii i* far loo vmall lo alfect Ibe c Lint y oí Che picture. 

39.53. Ii'KVnnr andSETÜP: A£AJ¿^-. Tafce (be mínimum uocertimty product. wdE= J!"^* 

Afsg^xlO"**. m = 264*1 . Am = í^« 

EXECVT.: ^^«XIO-J-, 1.26X1Q-J ^. 

2««.4xl0-" () (3X0x10* m/j)* 

— ■ 14x " r "J!£ ■""iff' 

m (264)(9.11xt0"*kg> 

39.54. lD£VtlFV; The iniect behave* lie a wave au il pauet through Che bote in ibe ¿creen. 
SET UPr (a> Bm WN bebavioi lo Aow up. Che waveieoslb of tbe iwecl routí be of Che order of Ibe 
Ihe hoíe. Tbe de Broghe *aveler»glh i* A = AAnv. 

EXECXT*: Ibe 6c Bto&ic ^avekngib of Che imett mu^t be of Ibe order of Ibe diaroeler of Ibe hoíe m ibe 
ao X - 5.00 nm Tbe de Broglie «at-elengtb givei 

v=JL= 6^26X10- .^Kiff-rt 

ifU (1.25x10"* kg)(0.00400 m) 

(b)t = xA> = (0.000500 rnV(l 33 x 10"" m/*> = 3.77 X 10 11 i = M X 10 IC >t 

Tbe umvene baboul 14 btllion vean oW (1.4 x 10 1 * vr), m ihU lime woukJ be aboul 85.000 lime nhe age of tbe 



EvaltatI: Don'C expect ta vx a dUUacUng inwct! Wave bebavior ol partkkft occor* only al Che >ery 
aiidSET Up: Un Eq.(39.l> lo reíale yow wavdeogtb and ¿peed 

, O X=±. - v = * = ^f^ n 1 ' =.-lx l0 - f 
me nd (60.ÜkgX).0m) 



Tbe Wave Nature of Pirócle* 39-H 



Slnce yoü >alk ihnxigfa doora-ayi much more quickly (han Ibi*. you will 
EyaixaTE: A L kg object moving * 1 mt* ha* i* di Broglie wavcleogüi ^ = 6.6x1o"* 4 m. wbkh ú excwdmsly 
small. Aa objeci hke you ha* a very. veey woall ^ al ordmarv s pee di aod doe* not «rxhibit uavelifce j*opertw*. 

39.56. <a) £=238eV=4JJx10" w J.w^a»^wkngth<if ^l = — =4.82X10"' m = 4S2nm 



= 7Mx 10 o1 10 = 7.50x1^ 



39 H 5 ■ . I [ '[ .m j -', : Tbc eUxdofw befcave as íwci whose «aveleoglb ü equal to tbe de Brogbe * jvdcn^ih. 
SET l í Toe de Brogbe *¿ve Jeogm u A ■ Vmv. and Ibe eoergy oi a photoa i.* E = A/ = 
¡ <a) U*e tbe Je Brogbe waveleogtb (o fmd tbc «peed of Ihe electrón- 

A 6.626x10"" J » „ f 

v "S >iixio^Xi**^ - 



wbich b rauch leu Iban (he speed of Lighi. *o il * aouelativUtkr* 
<b) Energy coowcvaCion givci*V= Wmv. 

V = »^/2í = (9JIXl0 J, kgM7^xl0 s tn/a) í >12(1.60xl0^C)|=IJlV 
<cí JC = i-V=*<1.5] yl=t¿leV.whkfaúato^ would 
do< be loo damagtn£. 

(d)£ = ^ = (4.l36xlO^eViX3.OOxlO l in/aV(l.O0xl(r*m)= 1240eV 
which would ccrtainly dettroy (be moJecufes under sludy. 

EVA1XA7C: to we have «een m Problera* 39 10 and 39.43. wben a pártele and a photon have Ibe lame 
waveleagth, Ibe pboton bai moch more eocrgy. 

(6.63X10~ J.4**r ; = 20r 

(3.00XHT" myjl&AMQ™ kyX4»XlO ri >0.60xHr |4 J/eV) í 



39.59. .nlbeinaxirmoceurwhen 2dria'' = m¿ a* dewribed m Sectkm 387, 

W A=*= * ¿=_ (6.63X10-J.) =M6xlü^m=ai46nn>. 

P J2w£ Jájftllxlff* kgK71.0eV){l.60xLCr'*IfeV^ 

0 sriB-*|^ j (Noto: Tbb m ll tbe ornee of Ibe uln ftKlkML) 

QK1 .46x10-» m) | 
2(9*10x10"" n) j 

<e) Tbe work runctkm o/ Che meUl aoU like an altracuve poleotial racreaiing tbe kinebe enecgy of meonung 
electrón* by + An merece n kinetic eoagy ll ra increaw lo momentum Ibal leatb lo a vnaller w*velei^th. A 
ümalkr wavcJen^th givet a imallcr anjcle 0 (we part (b». 

39.«P. (i) Using (he approumab»!. £=i((A. 'x) í /«+to 4 ) i (ff/A)sfa- tf.Wlud (he 
oceur* ^ben ^ = (í. J /m^ or X a = Tbe miaimujn energy Ibea h^tjñ¿ 



ib) Tbe> *re Ibo 

39.61. (») U*£J<7tFY a»J SrT LY: t/ = A\x[ Eq.(7J7) idsto lbrc« aaJ poteo^ The H k*pcul (be I ustión A|t| » 
comiououk at * =0 ao »e UHf oooiidcr Ibe regkxWA >G aod * < 0 wparalely. 

EXECVTl: ftr x>0; 1*1=^*0 U = Ax aodf = -^^í=-A Fot *<0. [x| = -x »o tf = - At «nd 
F = -£í_ílí = +A Wecaa *TÍte Ujm rciuha* F = -A|t|/^ valid for *ll j except for x = 0. 
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iDtvnrv and m : > i- Uso (be uacertainly principé wprt^d ai A»A * * h t and w ra Probkra 3930 

*V by/iand ¿* by i Uw thi» to write Ibe enef$y £ oí lhc palkrle a» I ruoctkmofx Rnd IboiOue of 
lbat p vvs Ibe mínimum £" and Iben íind Ibe mínimum £♦ 

EXECLTK: f = K+í/=— 

2irt ri 

fi > h. .wp ■* nS.x 

po, »>a£=^ ? -.A l . 



í = — andx= 



■ 

2/n 



l:\ al t at v- TV pottnUal well i» ihaped Ltr j V.Tne Urge* A u thc »iceper me *!i>pe oft? and Ú 
remonto whxrh (he palíele b c<xtfn*<! aod the srea*er * iU eoergy Note Üvtt f<x thc x Ib* látate £ 2JT=Í/. 

39.tt fiw (bi* ruoetkin- "T «^V^+j^V^ió 

The frequeneiej ^ aad íu¡ are pven ai aot bemg ibe iatne, w> i* ra* tiine-ÍAdepenúenL and T i* not the 

wave function ice a tfatkwary itate* 
39*é3* The time-dependetü e<iu¿* ion. wiib the ¿eparaied fonn for Tul) á* $í vra becoenej 

íM-fe>) s J -— -p-+c/<*ty J- 

Sinee p U a wolulion (4 (he lime- independen! loluiiun wtút eneegy ihe lerna in pjrentbeie* w J5V, and so 
mA = E. and m=ÍB/tt\ 

ib) Prora Problem 39.63 the tüne-depecitkra Schroraneer i eefuatrao b 
Try vUO=co«<<x-^#) : 

— ^líí = -At sra(«x - orf) and ^£ = At* cow(te - <tf ). 
ecc de 

Puttrag thu into the Schródmger'* tejuaUoo. Ae J ee^e^-^0=-j^Í^rid( í fce-to/). 
Tnii ii not «neraüy Inie fe* all j and í so ia nol a solution. 



le) TiyrtM)sAtia(fa-af): 
¿V<*.'» 



A gara, -Afc a sii>(fa-íuO=-¡ \AtoG0iikx-*4yi&m\$menftylxuctQiatl xvad f vo ii not a mlulraa 
ld> Tiy \+\x>t) = A«i*<fcí-í>i)+fl*ra(ti-i /): 

Purana thü mío the ScfariKliDM'ft 



-A^cosCfa ^ti-^0 = -— (+A ít il«(t l -r,#)-fl^C«É(fa-^)X 

fecal) Ihat » = ^1. Colkct wnandco* lera» 

M+ia)A a «i»<^-^)+(iA-a)A a sw ^z-arf)oQ. H*b onJ> 'trac if 5 = iA. 

.HlM'^iivwJSntí: Leí Ibe jMlíiecbi» be frora the torouer lo Ibe calcber. and let Ibe *-<l»r<tion be 
hcraootal and perpendicular k> rae >MÍÍreet¿<xi. A cube witb volume V = 125 era* = 0. 125x10^ ra* hasaide lenglfa 

/=V u, =<0.l25xHr J m') 1 " =0.050 ra Tbu* eximirte A* « A* * 0.050 U*e Ibe uocolauily r*raeiple ü> 
caliraate A,,. 

EXECUTV: &x£p t £hf2x ém£*m Ap K m * = ^^^^^ * =0,21 kg -rafc 

Ixli 2*1 0 050 m) 

[The valué oíhm Ite uther umverie ha* been uied ) 

Ib) I E't viHT and SETÜPr Aj=(Ai^)í i* Ibe uocertaraty io Ibe t-coordmaic oí (be ball wheo ii rtai/hes rae 
calcher. whece / i* ibe ume ii taac» ihe ball lo reaeh the «ecood aluden*. Oblara Av frora Ap M . 

BCECtTK: The imeerlaimy ra (he baJTa boriwirual velorilv b Av. =—=^-^1^=0.84 mh 

m 0.25 fcg 

The tiene it takea the ball totraveltottteaecanditucfcaiit f= ^ m =2X1 1 The urwcnaint > ra Ibe x<oofúraaie 



of Ihe ball *h<n it reaches Ibe weood nwdent tbal ta ralroduced by Av i* A* = (A^V = (084 ra/sX2,0 f)=Un. 
The ball could ubi* Che accond vtudent by aboul 1 J ra 

EVAit'ATI; A gatee oí catch WUÚá be very difieren* ra lh» univene. We ikm't cotice the etTecti of Ibe 
untenainf y principie ra everyday liTe becauae h ia *o unaU. 

3M*\ <i) ^|=AVe^ v+ ATo<avewe M algebf a ,lei ■f=^.%oll»1 H^ue^/ÍM). 

(b) ^vanbfceaat *=Ü, so Ibe probabibtv of fmdrag Ibe pártele ra rae i = 0 place ll zero, Tbe wave 



39¿7. (a) iDCNTtFY and Ski L>; Hie probabúity U /' = \y[ ./v ^i:h ijr ^ W*fr 



Ib) lD£vnrv andSETÜPr Pbrauimura^hcce — =0 
EXECUTK: íL{r i e~ i ™ > )=Q 

Iré** 1 -40^^=0 and tbia re<luc« lo 2r-4^=0 

r = 0 b a *otuti<xi of tbe e^uation but c<*n%pot*b lo a roinirautn a máximum. SeekrootcqualtoOw divide by 
randjrrt 2-4*^=0 



Evai.iate: Tfcia U dtffcrent fn>m Üw valué of r.r=ü. «tere |^|' b a máximum, Al r=0. lataá 
máximum bul thc ultime ciernen* dV = 4*r*di- bKOOtxnwP do» «X nave a raa*iiaum al r = 0. 



Ib) U«og loteara! Uble»; H*)=fV^co**^ = y{x) ua 



(4 v(^)=i_ vfctftd 



2 i? 



\b2 



m^^jy^mpm^ --- - 

4>> 



1 '«.ta* 1 



lunctioo = 2* = ~ If *. = = t fl« ) 

> te ktHflOB 39.69b 



» i. ÉMfeBd ta Rgu-f 39.69.. Tlie pjph ol ,(.) 



*, ». = f». Wtíth k grata Oun 



i- 



KU 









y nurtimum 


I 0,4- 






\ 


/ a2- 









39.70. (a) For a sUndmí m *¿ = 2L. aod £. 



] ¡ v \ i r - 39.69 
2m~ 2"i 



tb)Wiih L=« ft =05292xl<T l *m i £ = 115X10-" J = 134cV. 



59 JL Time oT fUgbt oT Ibc marbte, frwn 1 fcw-faU kincroabc cqoaboa is )o*t / = ^iL = * = 2 26 * - 

Tomioimúe Ai.wilhieipectlo ir. . ^ fl ' f ^ Qj — — — ,+I 



Quantum Mechanics 



40 



mi. I [ '[ s'nrv *nd SET Vn The energy kveU fue a partide in a box are given by = -— r 



(b) £=i«f^ w y = jH= t 20 ^^ ^ =1.1x10 " m/i. Iitheballhw toipwJlbeümeit^uklUkcit 



di EVAIXATK: No. quantum nxdun») efíecU are oot imparto* tbc game al bübaiüV Toe duerele, 
j U t Éito fld nature ol itic energy LüYcta ii cornpletcly 
k 



40.2. L=- 



C (6626Xl ° J "> ,64xKT" n, 

^8(1.673x10"* k$)(5.0xl0* CVKL602XIÍT 1 * I/nV) 



40.3. lOKVIirY: An ekettoo in Ibe lowe*l ener^y álate in Úás box rou%t hs*« Ibe «roe ener^y as ¡I »ou)d in Ibe gruuiul 
*Uie oi b)&ogetL 

SETÜP: Tbc cnergy of tbe n° le ftl of an electrón in a box i* £, = p 

EXECVTE: An electrón in (be ground *lalc b)fo>gen ha* an eoergy of -13.6 eV. «o tind Ihe widih 
corrc¿ponding lo an energy of £^ = ]3.6eV. SnMttg fue ¿ ghol 

vte>.llxl0-"kgHI3.6«VKl.602KlCr ,> J.íV) 

Imam TbU wiJih i> i* (he «une «*« oí magniiu* ai <hí diamcler oT a Befa Mam v»lh tbc ekclxai In Ihe 
KJicli. 

40.4. (a) Tbe cnergy tbc pven pbUn b 

-»-4h— -i 

The cnciey leveb of a partide in a box are gven by Eq.40.9 



8¡¡¡F V 8«¿£ \S(9Jlxl0 11 k t X163xl0-* J> 



Ib) Tbe ground «tale eoergyior an electrón in a boj of che calculaled 
Bm*m tf ^xUr" J »)* = 5.43X10-*" J = 3.40 cV(cocHturd of Ihc origmal pr**>c eoorgy). 

whKhdowr^txroraoodlodw -J3.6eV poond *tale energy of Ibe hyürown aloro. Nole Ibat Ibe energy kveb I 



a pártele in a box are pfoportkinal lo n 1 . uberea* (he energy le>*U for Ibe hyótagen atoro are propixtiooal to -i. 



iDtvnrv : : M : U : Eq.(40.9) p ve v che eoergy le ve lv Uw tbi* to obtain an expreutw Ibr £ a - £ aro) u*e 
vaJu* jpvea |br thi» coergy ditfereoce lo»olvc Ibr i» 

EXECiTE; Orouad *Ute energy i* £^= r ; fu* exrifcd *U»le eoergy i* E> = E . The 

bíluw, ih« lux» kvcb ííá£=£ r £= JíL. lto fhai L=h 



L^&tofaW" J * í -« „ =ó.lxKr w m=0.6l «o 

yíp.lWxlfJ* k$X3.0eVKl.6G2xlCr' fr J/l eV) 

EVAlt" ATE; Thb eoergy dillereoce i* typical Ibr an alora and £ b comparable to tbe me of an 
4QA (a) ltawavcfunclkinfor it=l vanbbe* only at t=Ou)d x=I ra tbc nrage 0£x££* 

|b) In ibe range for z, tbe unt Ierro to a máximum ooly al tbe nroldle ol Ibe box* a = 2. 

4c) The aniwcra to puto (a) and (b) are conuitenf with tbe figure* 
40.7. Identify and So Un For Che it = 2 firsl excited ülate Ibe normau/ed WIM lunction to gira b> E*j.M0. 1 3í. 



EXECTTE; (*)|^fd*=Oiro F 4ie*« tt j^lJ=0 



R*j»=0.j=0;fc*u = Lj = £y2:lbTm = 2.x = ¿ 

The probabüity al' fmdtng Ibe particle to «to tt x = 0. 1/2, and L. 



lb> (^axto máximum when -ta| = l=±J 



Bw m = l. * = Ü4; for m =3, x=3£S4 

The probabüity of fraduig Ibe parücle i* largevl al * = 1/4 and 31/4, 

<c> EyaJXaTK; The aox»ee* to part (a) correapood to Ihe zeco* of \y{ ¡diowa in Rg.4<X5 ra Ibe textbook and Ibe 
MHU to part <b) corrcie>ond totbe t«o valué* of * where ra tbe figure to máximum. 

10 ± ^ = -k V- and for |K to be a *olulion of Eq(40 .3). A 1 = £ 2l¿ü = 

<b) Tbe wave function musí vantob al Ibe rigk! «allí; tbe given function will «anbh al * = 0 for any k t bul lo 
vauLihat a - Z_ ¿L = «í fori 



<■) iDCHTtFY and Ski L>: l- = Avwkx. Calcúlale d^fdx 1 aad vuhililulc into Bq (40 J) lo »ee if this eqoalroa i* 



Tnui Eq^40 3) recfrore* í-Ak~t:atkx) = E(Ac<tíkx) 

r = Amkx b a wkibuo to Eq.(40 J) tf i = 

Ib) EvaIXATK: Tbe »ave funcuoo for apartide inabox »ilb rigid VlfllM x = 0 and x= L nuut %aii*ly Ae 
boundary corobüorw v = v at x=0 and ^ = 0 Mz=I* |rf0) = AomO=A 4 hdcc w*0 = l Ibui y boolOal 
x=0 aod tbi« wave function iro l acceptable becaote il éúmft itatcfy Ibe requtred bouodar> 1 coaditkm* cven 
thouch il i^ a tolution lo ihe ^cbródincef gouatioiL 



40.10. <■) Tbc ttarü exeüed ¿late b n = 4. w 

ft 1 l5(&626XlCr** J 



A£ = (4 I -1>— r= „ f , r s 5.78x10-" I=36UV. 

S^F 8(911x10 ¿ " k«Hai25xl0 4 m? 

W ^"3 5.78*10-" J 3 ' 44ra 

Recall Á = - = ~ — 

(a) =j£g ->\ = ^i 2f J\ /tm¡ \ =2L=2(3.0XICr w tD)=6.0xlO-"nL Tbc wavelength ii Cwioe tbc wxlih oí 
^ i =¿ =3.0X10"" ol lbc W4*rten«h U (be *ame i* lbc «dth oí tbc box 



9A* 2 

<ti £ > =.__y->^ = _¿= 2.0x10*" ra Tbc wa>elength i* ra^lhkdi ihe width o/ (he box, 
r| =3 P| = 3JxKr»ks -A* 

40.12. lOKímFY: !f Ihc gira MW fumbon i» a wluüon lo lbc Schrüdiager causón. M wiU fe* an klcntity when we 
.iub^*jtuíc ibat >* L iivc lu^K'L\iti íqiu tbc 



SETür: Wc mu*l sutwtilirfc lbc «jualk» = jZíinj ílíf j^"** into lbc 

A 1 dW 



Execvie: Taking ihc «cood óerivauvc oí »T<*j) wílbteapect toxpv» rf ^ #f> a-|—^j T(i.í) 

Sobsütutag ibis resull m*> -ilL£!!^+ü<*)píx) = £yt*>* **grt ^4 — \ fM=WM wb*h 

2m dr 2m . L J 

give* = j , (be eoerpe* of 4 partirte io a box. 

EVAIA'ATK: Sinee Ihü proceta pve* uk lbc encepe» of a partirte m 4 box. lbc puco VMM ruarían i* 4 
ta lbc 3k ta ixtin k- t í equaboa 

A 1 d* 

40.13. (a) Eq.<40.1): ,+£V = Ey. 

2m di 

Lelt-baod »*Je: ~* : MiroAa)+^^t<=^— ^wnfc<+t;^5uifa=l -r— [y. 
2j« dr 2m 

Bul — >ü >£ forcocutanl L Bu* — »h<PuWeou4Í £ - no wluboo 

éV 

(b>IÍ £>(/,. Ihon +£/ =£ u conwteat and «a <v = Aiintoi» * küuüod of Exi(40.1)farlbb 

2ri 

40.14. Arconfcn$ ta Eq.(40.17). Ihc waveleoglh of lbc electrón iniide oí tbc *quare well ügivenby 
* = V2m£ - ^ = A B> « aul>ú «raihr totbat u*cd lo derive Eq.40.17. VM M ibow Uu 



Bu,, tbc iMio of tbc »a>tlai E th> U 
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4*.I5. í =0.625£L =0.625— ly: £; = 2.O0eV = 3^OxlO" ,f J 

L H «».10>Xl0^3J0xl0*J) ) ="3X10- m 

40. 16. SUkc V t = 6£L *e «o iw ihe tcuilt é; = 0.62S£_ from Seitioo 40J.» </,-£,= 5-375E. and (he 
wavcknglh <>> *e í*c*üd »ouM be 

,_ *r _ fcc _ tmÚc 

1/,-E, " (SJTSKA'/Smíí) ~ (537SW. 

,, 8<9.ll>ClO-"kgKI-SOxlir'm) i 13.00xltf^.) ., MM| ^.„ 
(5.3T5)(663xlD- J.*> 

40.17. Eu(*J16>; .y = AHn^^. i +Bc« V2m£ 



A A 



77 



44.18. — sa^V-De""), ^ = +De"* , )= *V íoraUcceitfanta Caod /). Henee y i* a wluúoa lo 

40.19. [uiMJ.-,: FindÜw tiwwilion enec $) A£ M J «I it «ptl to the e necgy of Ibe absorbed e*.otoo.U** E=hdX lo 
firri ibc * A\elen£th of Ihe photoa. 

SETUP: U 4 =6E^. a«ÍDng.40,8Ín1belcxlbootftO 5=0.625£. and £ ) = 5.09£L witb £L =^-. Id tbb 
problem Ihe partxie bouod inlbe uell b a protón. 10 m = 1.673x10-* k¿. 

A£=E,-£;=<SOT-a625)£L=4.463£L. A£ = 4.465(2,052xlCr 11 JJsWíZxHr 14 J 

The waveSength of Ihe pbotoo iba! ú abiorbed i» rclaled lo Ibe tonirtkn encrgy by AE=hc/X, *o 

,.Ar.(6.626xiy»J >K^KlO'ntf>).„^^ m . rH 
A£ 9J62X1CT" J 

EVAIAMTE: The «aveleagih ol ihe pfaotoa ik comparable lo ibe ska of Ibe box. 
40.20* iDEvnFY; Tbe lonceit woelencth uorreipond* lo Ibe unalletf eoergy chuige . 

8bU»I Ihe crou»J Icvel eoasy leve) of tbc inOmlc well b =_íL.. and Ibe eoerey of tbc pholoo 



eqiul lo Ibe eoergy difiere nec between ibe lwo ihelb* 

EXECVTi:: Ibe 400.0 mu pbofcm mutf correipoad to Ihe n = 1 to n = 2 Iruuuoo. Siace tf 0 = 6£_. »e have 
^=243^ and£,=0.625£\ Tbe coeigy of Ihe phofoa U equal to Ihe eocrgy dUlereoce becweea tbe («o kvcU. 

KvaivaTK; TbU »i<kh ik approürmlely balT Ibat of a Bobr bydrogcn atora 



t/ 0 ll.üeV 



(bl ¿=0.4ÜxKr*m: 7=42xl0"*< 



40.22. Tne transaron coeflicaeol is r = 16^ ]-£- Jtf- , * fiBflplSu \ wilh E = 5.0eV. L=0.60xKT* ra. and 

■ =4.11x10-* t| 

(a) ü« = 7.0eV -> 7 =5,5X10-*. 

tb) t/^.OeV^rsi.axHT* 

<«> t/ <t =i3.oev->r=uxi<r\ 

40.23. iDCvnnr and SET UPt Uíe Ecj.(39.1X wbec© K = p*/2m and £=AT+U. 
EXECtTl: A=hfp=Nyf2¡¿K. «o ¿ % fir bcomUnt 

A^%=¿tjKt t * ^ má K t míor x>L wbere ÍC, = 2í/ 0 and ^ and JC, ardor 0<x<L 

EVALUATE: Vrtjen the paitarte i» pawing over ihe barrier iU kinet* cnergy U feu and 

40.24. I [ i¡;vnn: Tbc probobitity of tunnehng dependí <m ihc energy of thc particle and the widih ol Ibe Imjtkt 

SETÜPt TbBprobaNÜIyoítunneÜní b apprwumanrly T=Gt mUí . where G=16.£jl-_ÍL and 

■ncunt: C = 16^J |-_ =16 i-— a 3,27. 

Ü¿V £/ 0 ) TOOeVl 70.0 eV I 

..M-f) gjgxjg k g X70.Q c V-5ft0 e VX1.60 X t0" > IW . QQ ^, _^ 

Solvían r = fortnve* £=J-b(GfT)= ! „ , Int J£L j=3.6xlQ- <1 ra = 3.6pm 

If ihc protón »eTC rcplaced wüb vi electrón, tbc electrón* i ttijm i* rauco graaller w> £. would be Urger* 
EvaH-'ATE: An cie<tii>n can tunncL (hroosh a iiMich wider tximcr ihon a proion of ihe *ame enera)'. 



40.25. lOCKnrVandSET Vn Tbe probabimyi* TmA***. vriln A-ló^íl-— ; and y= v' 2 "* 1 ^-^ 
£=32 eV. ü =41 cV.L=0^5xHT* m. Calcúlate TI 



■ 1WXI1T" kgK41 cV-32 CVH1.602X10-" JftV) _ f ^ 
1.055X10"" J » 
r = Ar- 1 " = (2.74lV* ,ü * rf ' •**»»•»* -» = 2.74 le"'" =0.001 3 
b) The onlj cbsnge ín Ibe w m. wtakrh jppcan id r. 

r _ ^ZQWXIO^ kgX4l e V-32cVKL602XlO^ IfcV) ^ 
1.055X1CT" J -a 



Then7 = Ae- Irt =(1741V- WM ' m "^ * = 2.741**" =lir" 

EVAit'AIt; Tbc more raiüivc protón ha* a roucb imalkr probaNbiv of tunnefant Iban Ine electrón doci 
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(a) IT í/ t = 30.0x10* eV. I = 2.0 XlO" 1 * ra m =6.64x1 0" 37 k¿ and 
t/ 0 - £ = l .Ox 10* eV (£ = 29.0X 10* eV). T = ft090. 
(bilí t/ fi -£=lO.OxlO*eV(£ = 2aOxlü*eV). r=O.OI4. 



40.27. iDtvnrv and SET Tbe enerey kveU are p>eo by £43.(40 26). 



4 



Vi») ^0 250kí 
Toe ground Mait <:oer$y U pven by Eq.(4C26): 

^ =ifti»= 1(1.055x10"* J*sX21.0iadfe) = UlXlO"* J(IeWl. 602x10"" J)=6MxHT 15 «V 



Tbe cocí k v scjxirjüoii bct*«n ibew adjaceitf kvel* b 
A£=£^ l -£ # = A^=2£ ) = 2(l 11X10^0=2,22X10^ J = U9xlO** 4 «V 

EVALVATl: TbcK enérgica are extreraely «nal!; quantum etToct* «c not mmortuit foc Uui 

Let ,W/2ft = ^»Jw- = -2*dV*ad i- r = í4i ; . 1 -¿ í .. indi ba»olutionofE4<40¿l)ir 
¿* de 

40.29. iDCVTIfY; We can modd ibe molecuk a* a harmonic oftcilhtor. The eaergy of Ihc photon U equal to tbe energy 
JiilatcKt belween ihe t*o le^tU uf ihe uicühlor. 



Sít l p: Tbcenergyof apbotani* £,=*/ = hc/A. «xl Ihe coergy levrb of n binwraic o%dUator are pven by 

x 5.$Xl0*^ra 

(bíThctjaíuinonermyu A£=L. =Aür=fr|í-. whichgnw ^^s/r/^Solvrásfor fc', wtwi 

4^V« 4.^(3.00x10' m.>) a í5.6xl0-*kg> emuí 

* = -p- = (MxlcH m)^ mAW0 

EyaIVATI; TtaU »ould be a ralber Orong spnng in Ibe pfaywM lab. 

Acourehn$ Eq.(4a26). (he «wrgy releed durin$ Ibe tmiuboo betwecn t*o adjactot lev* u twx* iba 

Hnapbototiuf eoergy £ 

„ „ , , c Ac (6.63XI0"* 4 J «X3.00X10" n i) ( , , 

Esta ->H = — = ■■ = lllMB, 

/ E (Í12 oVMl .60x 1(T* JreV) 

4031. iDEVTirv and Sin l P: Use Ibe enerpe* gi ven In Eq (40-26) lo whe for ibe amplitude A and máximum specd 
v l oí Ibe oscülaior. Uw lhe*c lo cAtimale Ai and ¿V 1 . and compule the uncerUinty product ¿ido,. 

EXECtTí; Tbe lotü energy oí a Newlonian oicilhtor » ¿iven by E = ^'A* where i' b Ibe Toree comlant and A 

\é tbe amplitode oí Ibe orciUalor. Sel tbi» cqtul lo Ibe energy £ = («+ i)fr<y oí ao exciied kvcl 



where á> tnd wlvc forA: ^ = (11+^ 




Tbe fuUleoergyof (he Newtomra ottülatur cmabobe wriBañM £ = i^nv^. Sct Ihb eíjuaJ lo £=(h+j)Aa» jod 
lolveforv^ : ¿nmvi^sdi+iWftf 



Thu* Uie nuximuiu lmev t&uaiemum ul latí oiollalor = mv M =^(2jt + I)Amífr Andame Ibat A 

Uw uncevtainty A i in poiition vid Üut i_* ihr cunwpuaxlmg uD^staimy &p a id raaiocnturo Then tbc 

tinctftiinty product te 

■VáUUlll Fot * = l tbi» pvc* A*Í/> ( = 3A. in agreement with tbe re¿ull ikrived in Section 40.4. Tk 
uncettainty product A iA p incrcam wiih n 

4U2. »jíí?[=4A -WhWÍW-UM. 

Thu i* corcuflcnt with «tal i» ibo*n b Figure 40.20 m Che textbooL 

TO* figure crawl be read tbi* prccfeely, bol Uw quaütative decrea** tn an^lilude «Mi autorice ü cfcar 
Wc mouel Ibe alumic vibKiuoit ui ibe crviUl a* a luxmonic oacilhtor. 



SETÜPr Ibe cner^y level* of i tiannocác oieilUtor are pvm by ^=j«+i jA^Í_=^n+ij 



(a) The KiixjtiU naie er*r g> trf a simple hsrmon*- owÜbW It 



„ 1 l |F (1.055x10 a * J *) I 122 Nte AM , m . „ 

£L _ = : 1 / — -9 43x10^ J =5 89X1CT 1 eV 

^2 2 Vm 2 V 3 ' 82xl0 "^ 

<*> £^,-^ = Adr=2£¿ = 0.0118eV 

EVAUTATE; Thete eaergy diftereroe* are roudi gmallcr Iban lb(*c due lo electrón tnuwitiom in tbe hydrugcn 
MúBk 

i ■ i .M. iDKVntY: IT Ibe giveo «ive funcüon i» a *olut>oo lo Ibe SdvMínger equaliun* we will gel an tdentity when we 
sub*titule that »mvc funct*on inio tbe Stitródim;er cquanon. 

SET ÜPt Tbe pven l'uixtkm i* p{x) = Ae - *. and Ibe ont-dirnevuonal Schródinger equation U 

hXFCiTK: SUrt wilh Ihe giveo fuaclxm and üike tbe iodicHwl derivativas: = = Ai*e*V 

í!?^* = AlW =-J«V* ¿VW«-*VW- *VW . Sub«ilulmslhe«rwiauiotolbe 

uiw-diinenxiunal Svhnxliowrt euuauon give* w(j)*t r v(i)=£ vÍ.t.i. 

2m 

EvaH'ATC: (Kx) = A í iva wlution lo Ibe oae-diirienxianal Schrtxllnger equalitxi if f^ = — — or 

t =^ 2a * E f**** (Sisee C/ 0 <£ wai givem ¿ is tbe tquare nwt of a powtiw quanltly.) In toms of Ibe pvtick's 

|K * = pfh. aod in lecm» oí Ibe purtcle'* de Brogbc wrokngtb ¿ í=2ff/A 
Le</reíer lo tbe repon a<0 and leí B refer lo Ibe reñoo x>Q t vo ^Ws^ + fr^ aod 



r,(x)=Ce^. Se* ri (0) = r<(0)aDd ^ = ^-1 ^ = 0- 

E3CECVT1: ft(0)=ftí0) pwt A+B = C £ü=^£.al x=0 ¿ta* ftA-M 3 ^ Solvine ibü pair of 
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KVAIJUni Tbe probability of refleclioo tí = ^ = t * l "** ) p Tbe probabüity ot 
F=£l=— ^L_.Note<hat Jt+r-L 



4b) A approocbc* ta o t in Ihe ctaucal limit iberc i* no qujaluatioa, and Ib* apactng oi iixte&iive kvcl* b 
vuüihingly smaD corapared lo Ihe eoergy levelv 

40.37. lOKvnrVandSOür; IbeewrrgykvcUwe^vtfobyEq^): E 9 =—L r Calcúlale ¿£ forlhe 



.nd wt A£ = hc/A. ihe ewrgy oí Ihe pbotoa 
EXECfTC: <ft)Gnxwdkvcl. n = l ^^—y 

3A J 

Ibe transUioo enefgy ü = S<t tbe intuición «oersy eouil lothe íckíc> W>i oribe emined 



pholoiL Huí gires — = 



8nwL a 8(9.109x10"*' kgX^SxlO 1 rafe)(4. 18x10"* m) 1 
" 4= "55" = 3<6¿2ÓXÍG—J.*) 



>xiO"*' 

¿ =1.92x10"* m = 19*2 pat 

(b> Secood eirite-d lamí bu n = 3 and £ = The tiroitioa eoagy U A£ =&-£.= -^ÍL. - = *L 

T = 5SF W ^ =—=5092^ = 11.5^ 

kvAi.i ate : Tbe eoergy spviag between adjaceot kveb wcreue* wüb n. and (hü conespondi to a shurter 
wavekngih aod more eneigeck pboton in pan (b) iban m pan (a). 



(i) 



^^^=-r^ =i-±.^babo«0.0906. 
£ Jo ¿ L U 2 { L f L\ 2* L L 4 Ir 



1/ L 2» A * 



|1>I Rtfpraíing mih limáis oí t/4 and L 2 give* — I — toa 



LV 2.T L ^ j 4 2X 
«bM 0.409. 

<cj The partkk i» mucb likcly to be acrcr ihe naddlc oribe bo* (han lbeed$e + 

(d) TV residí* ium lo cxacüy 1/2 , wbkb mean* ibal (he pártele u a* lokely (o be beCween a = 0 and E/2 M rt w t o 
bebrfweeo í=W«k!j=L 

<e) Tnc*e rí*ulU are reprt^enttd m B^ure 40 in Ibe lexlboofc. 
40.39. iDttfnfY; T^e probabüity of thc partKk bein^ bet^een ^ ral ^ íi J^M*A # wtee p u ibe 

wa>c funcboo for Ibe partick. 

T. i jíx 



MSKTVTi The noonaUxod w A ve funcboo fof Ibe gnxmd *U*e u ^ 



EXECVTV: Tbe probability P oí Ibe part>ck bon$ be<^ten j = U4 a«j « = 3L/4 i» 



3ff/4. 

LÍjríl-" ^ ^(2 y 4 



r 1 , /3jti 1 , fjr 
_ . . I \ 1 1 



P=— J — (-1)+— <1> ¡=—+—=0.818. (Note; Tbe integral formuk jwn J ydy =—y- — wn2v wajtuaed) 



Ib) S»Oft The rwrraxtard «IM fuaction for Ibe firsl excited Hale if n = , 1 1 , ^ 

EXECITI: FaJ^Y^Aaij^^jíp'^Ul Y~ 2jrxfi¿dx = {L/2jr)dy *nd ttr iotcgrjüon limiu 
bevome */2 and 3jt/1 



lc> EVAIXATK: Theie rtí oiLs are cwmUuwI wüh Rg.4<X4b ín ibe lexlbook. Thai figure ibow* Ibal |p| ll 

. ■ ■ i ■ . . : r .1 1 ■ ■ 1 ne» Ihe «oler ot Ibe box f<ir Ibc srourul staie Iban for Ibe lint exctled íuu. thb i» cowuleot with Ihe 
wiwet to pan (a) rwing larger Ib» the a»wer lo parí (b). Alw. ihi» figure ibows Ibat for Ibc fuvt exalcd tfale balf 

Ihc arca under curo be* bebeco Z/4 and JJ74. couávtcnt wilb wir aiwwer lo pal (bX 
Uüng ibe nonmtued «m Tuixtkm v, = ^571 rin<**/¿). the probabüities I ^ P are 

(b> <2/L>*áV/2>A = 2<fr/L 
fe) (2/L)*t'(3./4) = */L. 



éuL iDENTirvanilSETUF: Tbe nurtmli^d lunction for Ibe n = 2 lim eiciled level i* 



P= \plx) \ .ú. b Ibe rrobabüily tbat Che partide «iU be found id Ibe ÚUerval* lo x+dx. 
Mx=ZM 



i°=(2/LW< 
<b> * = £/2 

f> = 0 

EvajA'ate: Our revulu are corttUtcnl witb ibe n = 2 pan oí I ; I 

of rbe box and i* i>Toroeiric about Itai* poiriL 

4IP.42. AJ=# M -J^ |p|=fr*=^í.=^ At *=0 ibeinifJal 

^^-«4^^ So. ^= + 5/-{-¿ij=^ Al ,=£ Ibetttial 
b = + »d final mocwolum. afler lurnins around, üt JU So, 



2L* 2L*" L 



j*lx»r Airee pártele. t/U) = U yo Scorodin$er a equaboo bccocnc» __ = -_¿ l ( l ). Tlie grapci « p>en m 
40,43. 



ig» ^ = -^£^£ = I^.P J irUÍ ( ;) J ind(d>»bQW v (*> »ati*fie*lbe Sctarodioge* provxled 



2m 

< Ñute uátocootinuraal l = 0.irnaii^^üvcí^ ( .>0^dp W iüv Y for l <ü.; 











>/ <u- 




ai- 

i i 


■ i 



-2 -i a i 
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40.44. lDKvnrv; We sUrt «ilh Ibe peoetrabua (btfaace fonoula ¿¡vea in (he problem. 
SETUP: The viven formula U ff= mi .A 

EXECtTK: (m> Subitilutc (be given oumber* into Ibe ftxraula: 

I 055x10 " J * = 74*lo- 1 ' m 

~ ^ZmiUt-E) ^2(9.11x10-" kgM2üeV-13eVXl-óX>2*IO-" J/eV) 

m n=-, "»»«■*"'-* „ =L«x.^ ra 

^^xlO" 17 kgX30MeV-20MeV)(1.602xlO*" J/MeV) 

Evall'ate: The peneloiiion deptb >"jrttí widtly depeoding on tbe mai* &nd energy oí Ibe p 
(a) We *et Üw sotution* Í°í msiik and uuiude the well tsjxul (o eacb olbcr al Ibe weü txiunddrte*. x = 0 
t - 0: As«(0) + í = C -> í sC. noce »enutilu\t £> = 0 fot .i < 0. 



Thii tiltil A*tll£ + BtX*kL=De~* x . \vhere A =^2üíL 



Ib) Requiring c<xilinuou« derivativo* al tbe boundarie* yield* 

T=C< withC=16— ->¿=-— lo) — r 

irfsSJeV.^slO.OcV.msMlXlO^'lLg.aodrsOMlO, Toen 

(UMxlff* J ■) lO.OeV *, iO.OeVj 

1 / 0*0010 1 j 

wt=- , lo =3.SxlO~" m = t)38wa 

2(i.09xlCr nf 1 ) \ 3« f 

40.47. iDtvnrv sná Sül Vn Wben aX ib large. tben i* large aad U «mil Wben aX U srnalL 
unb *X -> *X Coo*itkt bo<h «llargeaod aX unall linón 

[tVÍnh*X)' 



Ebotti: (1)7=1+ 



««/,-£) 



iipfa*v¿ = * 

2 [ iw((/ 0 -£r ísaí/.-n+t/.v* 

(b> ^ = A^^E^ & i£»l«te¿.faltfp<twLtekiifcfa)o« tf # -xTfcl«^(ítaaBtfUD«¥«Ífc> Cf t J 



[rf**£? F L i7Í2m(t7 A -£)¿* 



+ 



W wailobeOlOwrL 

When *L bbf^E4i (40 + 20)a^Üeswrfru«nJl UTaen £-*l7 0 . rdoes ool t^vh un«> 
(a) £ = iiitv 1 =(if+ (1/2))/**, = (*+ (l/2))A/ . «id %o\\in$ for a, 

1 _ (i;2)<0*020fcg)(Ú.360 mft)* l _ L3rltf » 

kf 2 (6.63x10"** J **X1 -50 Hí) 2 

<b) Tbe difieren» belweeo eoergies U ^i=V = (6.63x10^ J *X1 .50Hz)=995xl0-"J.lhi%ünergybloo 

a mal I lo be delected with correal technology 
40.49. iDEvnrv uid SO Uf: CxkuUe (he angular frecweocy <u oí tfae pewlulum and apply Eo <40.26) for tbe energy 



2* 2ff 

Tbe ground-aUle energv U ^si^siflJDSSXICT* 4 J «K4**~*) = ^63xlO' M 
=6.63x10-* J(leV/1.602xlO^J)=4.14xlO-**V 

The enerjíy dilfereoce beiween ihe ¿Jjjceot energy leveb U 

AE=£^,-^=AíV=2£ 0 = 1.33x10"" J = 8JOX10"*eV 

fcvAi.i ate : Tbeae eoergKa are nauob loo srcoU lo defecL Quantum ellees ore nol impurtant fot ordxrury sw objectv 
40*50* iDEVtiFV; We naodel Ihe electrón* in Che lattice ua a particle in a box. The eoei£> oí ihe ptiuiLei b cqujJ lo ibe 
eneik'y dillereace tetween tbe two eaergy staies in (he box. 

SETUP: Ihc cneryy oí ao eiectroo ra the kvel i* £ A = — —j. We do not know ihe rartix) or final lévela* but 
wedotawlheyddTerb) - 1, The ewr$y oí the pboloa, hc/A t u eoual k> Ib- eoergy dxfTerom* berweeo Ihe t*o átale*. 

tbe rorro ula for th 



1*206x10 J U*mg Ib: íon&uJa ftc Ihe eoergy leveh ra a box, Úa% eoei^y diííereoce ia eo^iaJ to 



4#-l2 Cfc*ptrr40 



A£&mt a +] I lf fL2Q6xHT*' J)S<9JlxlQ ot k^OJCOxlQ-' mf 



The trnuibuct U trova n = 3 lo n = 2, 

EvaIVATE : We knuw the tnu&ition ii nut frora Ihe n = 4 lo ibe n = 3 «tale t«íiu»e we leí n be Ibe higber iürte 
And rt-l the loweritale* 

M5]. iDCVnfY; lf the given wave fuocbon i* a vuluboa to Ibe SchnJdisger equabon» we will gci ta kkntity wheo *t 
L^uH^tiiutf tbtf wavc fusefrof} ioIíj tbe — ycbi ixiiojref eo^ualmo* 

SET UP; Tbe p«n wave fupcUon U K<z) = V"*"* "1 the St*nJdta K ír q^lun ll 

EXECVT1: (m> SUrt b> tatang tbe derivathea: ^U) = V** V * ÍÍ^s-^aV"^ 

dx 



2¿ d? 2¿T v-,-ir lw — . Z¿ ¿? 2 



(c)Tlwcl^dtunuagpooiUaitai 4 = ±^2^. Tbe [xubabiblv deroity I'uixííoq |pf tf 

íbwtj-f (^^^^í^r^-A, ,=0. ít^í=o. 

dx \hM) h \hX) dx 

= . 2 ^ mg!p n .^ k ^ ^ x=a rfÍ N*>f <aTtot f^ M , = 0 , ,bcfii*deftotiv*b 



¡md ibe iccond deñvaüve i% Desalive. Ttacfore. Ihe protabiliiy dBÉHf luoctloo Mi a nmn M x=G\ 
EvaiíatI: r*<*) = V*^' 1 >* * íolutkm I* equation (4022> if -—(-a i )r t (x)=E ^(j) or 

=— , £L=— eoneápaadi to n = 0 ra Equatioa (40.26). 



2w 2 " 2 

[ t .e m J :■ \ : lf the psvn IIN fuaeüon ll a ¡«iluten to tbe Schródinger equalion. we will gtl « kkitfity «ta *e 
SctUPt TbcgiveDwa^fuiKtioni* ^W = ^2w**'' , ' i and Ibe Schrodinger e q uaboo L+ 

EXECVTI: <*> stirt by lafang tbe raíbcated denvaüve*: y t (x) = ^ 2^"****". 



Kqual*» (40 22 > te - i_ + — *) = £ y í *). Suí»litulrag tbe abo w re*ult rato tlui equtfioo givea 

~2* 



[cíTTwprUwbÜitydeowtyfuntbwi |yf i* |riW|* = i\*4A"** 4- = -J — j 4* 1 * 



*ffif -A'léAA-* -A.'W.'aV*''' +$M¿tft***. Al «=0. £>¡*lí >C SOM 

dx dx 

*=0. Ibe ítol derivativo b «n> And Ibc lecwd derivativa j* paira ve > Thertfwe, tbe probábUrty deitfity fuoctiro 
MMAli- ±1. ÍÜ^f!L<0*SoM *=±¿.lbefirtí denvative is zoo and Ú 

derivative b negabvr Itere fure, ibe probjbiliiv deoiity lunction bu máxima ad i=±— , cocrtkpcodmc lo Ibe 
clatical tummg pomU ta n =0 M found i* me prevwu* queaüoo. 

Evaiuto y í {x)=\2xe'** n Yi * wlutkm ti> «judión (40.22) if -Í!_<-3tfVi<*> = £ 

2m 

£ = — = ÜÍÜ. £ = ^¡í correspondí to it = l ra Equation (40.26). 

2m 2 2 

40.53. iDKVTIfY .ü.StTür; Evalúate ¿V/ta*. ¿V/ V* «d d W proponed ^ Ittfl puf Eq.(40.29). Uc 

— -wíh _ 



a?" 



av 
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Üut lbi¿ y Ufl loiutkra to Bq\4029\ wiih energy 

|b)and{e)Tbe grouod itatebai =«j=G\ KUbecnergy » £^> =^Aot Tbere i*only onc *e*of « It it T and 

ir, Lbai ¿tve üiis energy* 

: «, = L =«, sOorn^ =L ji^ =«, =00**, =1. « t =1, =0aod£^ 



Tbere are three di f Jeren* «*» oí n t . n . n ( quantum nuraber* Chai ¡ave ibu energy. *o Üxn are Ihree difieren! 
quantum «ale* tbal tuve ibii «me enecgy. 

Kvaliwte: Fot tbe Ihm-diswouona] UotropK harrrioruC o*ciUator ■ Ibe wave rundiera b a product oí crac- 
dimenrórtaJ tarraonic owiUator wa>efuncboru íor eaeh diraecttion The energ? i» a wm oJ enerpe* for three one- 
dixnecBKraaJ üHcilblui v AD the eaciled Uate* are degencrate. wiih more Iban eme lítate hacine Ibe 



sotution. v % <í) be Jíoluüunol Eq<(40\22) bet wnfcc ailhe imkpenüem varlible trotead oí x. and 
L 



=(A^ +^ +^ -tOr=(^-vV 

iheeoe^yfiiE^+a^+a^J^ 



lb)Tne $rourtd kt«U*om*pond* to *,=«, = *i =u *- and£= A ¡ ''J Tbe finí exeiled kvel correjpood* lo 



rae guamo" iiate aod Che firxl excited slale. 

(a) ^<x) = AtíabmdtK-£/2)=0=y(+£./2> 

4 L A ni „ n 1 «V (2*) a A* « 

=> X = r> p = 

(2n+l) 2L 



(c) Tbe combinaban oí all the eneigiea in pato <a) and <bj ü Che *arae energ v fcvcU a* pven in tt|,(40 9), 
4 8¡¡¡F 

id) Part (a)'i wave Éttdm are odd and part <b>'a are eveo. 

(.)A*»imtapartíckmabü*. = wbew^i^cowUntaod fc* = 2mE;V. Unüke tbe partick in a 

boi homvei , * and henee £ do not have urnpk lomu. 



(b)for x>U Üw wave toncara musí have tfw farra o{Hc|-(4ti. 18). Ku the * jvc luntlkin ti> 

* ~. C = 0. Tlie cowUdI x 1 = 2«(í/ ( -Xj/K a* in ,(14 17> and «40 ISV 

lc>Al x = L*AsiakL= IV* ainJ M ¿tü kL = - lh- 1 Dividing Ihc aecood ol lhc« by the ftol givc* 

* col =-*.a ttuiwcendcnUJ «juatioo Iba! musí be «ilvcd numericullv foc difieren* *iJue* Uw len$th ¿ and 
Lherrio E/EV 

Ib) A* (/( 1 ) B eUlioget(L«.ü(i)wi<iíche.£&ombíkiw-f« a U k¿0\E-U{x) 

gcu^nalta.^^rtgett taiga. 

[el W>e..£=ü<x).E-£/«.«)=0.w,l<«>-»«. 

(« y (j) = 0 for 0 < « < L wilb clauical tunang poinb al > = 0 aod x = LSo. 
f'^E-üí»)) A = f o ' yf2mEdt = V2m£ J *J« = J5¡ñ.So. (rom pan <d>. 

IDSmcc (/(«)= 0 in rbt regata txtwnn ihe turainn puuiU al> = 0aitdi = ¿. (he reitilu b the iamf at parí íeV 
The brighl ( ', . oevo t Mera Ihe calculaban. WKB i« beu used wiih imoothty v jiylnj) pofenriaU (/ <>). 

(■) Al rhe turaíng pointi C = i-lí» ~> *r» = í yF~~ 



E-—k'x' |di=— . Ta evalúale Ibc integral, we »arit (o gel II UUo a lonn Ihal malcfaei the 



Integral pver.. 



2£ J2£ 2E ,2E . ¡J2E/f \. — 2£ . „ ,_ 

UWng WKB. thi. kl cqual lo w £^r = RecaH a = Ji. *o £ = = fe*. 

M We are m¡«ung the zoo-point-toecgy oOWl oí ^ j recaí £ = Jtoja + i)). Howewr. oto appourutior. bn'l 
bad ai all' 

(a) At *c tununs poi D I.E=rt|x,|^x TT =±£. 

< b > CV 2 "** - ¿ M>* = 2 Í,"" V' 2w ' E - A.) rfx Ld y = 2»(E - A.) ^ 



«J> = -2i*4 d. «.hen . = £. y =0. and wben . =0. v = 2mF. So 



-W "2 



fin 1 ^3dkU 



3mA 2 2m 4 



(cJ Trie dtfferco» in eneigy devrcw* be(*een wc-«sh*í kveU. Fot ciample; 

■"-0" = 1, 2" - 1* 1 = 0,59. 3" - 2" = 0.49,„ 

• A iharp « vlcp gave «vn-incrcaung levd diflcrcace* <- « : V 

• A parábola {- * a ) gave cvertly ipaccd loefa {-*). 

• No* . * tacar pofeobi) {- j) gira me ^decnraog ItfHi dilTcrwoM (- n : ' i . 

Rou$hly *pcak»n^ ií tbc oirvaturt of Ibc rwIcotiA) {- w^dírivative)»bigger Iban Ihai of a parábola. Ibes Ihe 



Atomic Structuri 



41 



41.1. iDtvnrY and SET UP: ¿= v 7(/+iy>. £^ = ii*n. J=0. 1. Í„a-L m f =0. ±1. ±1-, ±L 

fiXEtTTi:; <*> /=0: 1=0. =0. J=l: ¿= JIft, £^ =A,a-* - J=2 : L=v3h, ^tiAft-A.-tt. 

(b)to»d)aNCQ^=V¿< ¿=0: tfwHdefined L=^H: 45.0 . 90.0 1 . 135.0\ L=J&»: 
35.3°, 65.9*. 90.0'. 114.1'. 1447'. 

Uyai.iate: Tberc » no stalc wbere L i* ioLilÍ> ahgned along (he í ui*, 

41.2. Hit MJ-TandSETÜP: t= v 7(f+l)A. J^=iiyL /=Ui-^-Í =0.±J.±2.,_±/, «*0= V*" 
EXECUTV: <») J =0: ¿=0. ¿ T =0. J=l: L=Jlh. L.=A.0.-ft. i=2: L=&r. L. =2JU.Q-ft.-2n . í=3: 
L=2j3fl . í*=3A.2n.Mi-A.-2n.-3A. f = 4: L = 2^ft, £t = 4A.1^2M.0.-n.-2n,-3A ( -4ft. 

(b) ¿=0; tfwMdtímed L = ^5ft: 45.C.90.0 .135.0\ L=^6fr : 35.3\65.9\90.0'.im : , 144.7°. ¿=2^3n : 
54.r.73^.9O.0'.t06JM25JM5O.O'. ¿=2</SA : 26.6*.47.9 ¿ .63.4\77.l\90.0'.102.9 .116.6".132JM53.4- . 
<c) The rouutouro an^lc i» 26>6 : and OOCMñ for 1=4, ^ = +4 . Tbe lüria— Éflgfa ll 1534 aadorcurctor 
í=4 (B% =-4. 

41.3. iDKVnnr and Set UP: Tbe rugnibide of tbe prbitil angular momentum L i* rclaled lo Ihe quantum numbec / by 
Bqí4l.4J: L = V T(J+I)ft. 1 = 0. U*.„ 

En* W^>=|j)=l ,.055X10^. ■= 

And Iben 1(1+0 = 20 tffM that l=* 
■VAUUBI /muírtbeinlüSCT. 

<b) > ií(fTl)n = v^ = 2«n. 

M Í-* 



Bbarccoc¡^{=arcco«|^|. ¡ 

U4.P.90.0*, 65.9 0 .35.3*. The ^kcocmpoodingto jp* =f »iü alway» be larger for Urgec J. 

41.5. lOtvnrv and SET Up: Tbe angular momenCum £ ü retad u> Ibe quantum number l by Eq.(4 1.4). ¿ = ^7(J + ]'jh 
Tncmaumum/. fucagiveoiiá / H =n-1. 

EXECUT1: Re n = 2.i u =land£ = ^=].414A. 
ft* n = 20. ^ = 19 and L = ^'(19X20)A = 1949A. 
Foí n = 20a / M = 199 and L= J(199M200)ft =199.5*. 

EVAIXATK: As n kicre&ie*H Ibe máximum í. geU ckwer lo Ibe valué n.V puüulaied tn the Bohr model. 

41.6. Tbe ú\m.i cocnbúution»«re(0. 0>.(1, 0). (U ±l).(2, 0), (2. ±1). (2. ±2). (3. 0\ 
a ±i).(3. ±2\a ±3),(4. 0>.« ±IX(4. ±2X(4. ±3).*nd(4. ±4). 4totalof25. 

4b) Each .late ha* Ibe «me ene**? (« k rbe «rae). - 13 ^ cV = -0.544 eV. 
4.t^ r 4.t^ l.OKlCT m 

(/ = ~ 23xl0 . — Í_ = -144 eV t 
1,60x10"** J/eV 



41-1 



it-X tTupttt.ll 

41.S. (a) Ai in Euunpk 41.3. Ibc Fcobubüüy i< 

2 ~ 2 ~4 



(b) Tlw diífoeoro in Ibe [*ubat*|jt*fs « fl-5**" i )-(]-(5/2)í"*) = (5/2)(f"*-2f" a )=0,24J. 



(a) If m t =»=9,UxlO- n k 5 

(9,109x10^* kcKl 602 x1o* 1 * Q* 



(4^)V 2(1X155x10-* J *)* v ' ' 

Por 2 -*I iramiüc**. toe wrflfcfeal i*<0J5)ÍU.59eV>= I0J9 cV. 



Ib) lí n = " u«ag Ibc rwult liom p«t (a). 



SimiMy.tbe 2-*] trennbua ~>j iai * eV |=5jJ95cV. 
Ícílf« = l858m. u^inüÜwrwunÍTompjilU). 



AndUw 2-*l (rjiuitiun givcs > (10J9eVX]85.8)= 1S93 cV. 
lotvnrv ujJ SO UP: Eq.(41 ,8) ciw a = 4jr< «? = 

EXECtTK: (m> ttv = m 

g .^.(MMXIO^C'W. M 'X*^Xl^J.tf. OJ293l( , y ., m 
mu/* ff(9.109xlO JI ksX1602xlCT" O* 

dKrtwr Fot powtroMura wd rnuonium Ihc reducá nuw efTect ll luge. 
41.12. f = c <*(m¿) + j úXmjy. íiod to be ptrvxbc «ilb p**xS 2.t. ii* 2x rau*l be uo iateger múltiple af 2.T. «o 



41J3. nfl)=¡KI ZV =fJ¿r^"í^ ir >* 

?¡< 7{ 2 2 4) J # 7^ 2 2 4f 4 J 

41.14. <*) A5=^fl = (5.79xlO^«V/TX0.400 í n = 2J2xlO J cV 
4b) H = -2 Üw lowcit pwvible valué oT m. 



Aiomic Senil nxt 41-3 



le) The energy Iftfnl diagram ii ikefcbed in Hgure 41 ,14. 

. 





*» 




«, o 




«i- -1 





41.14 



1 ] . 1 -. I DEVnrv radSET Un Tbe loteracüon energy tauteo ra . v:.: . ... magnetic field and the orbital Angular 

morneolurn of the ¿toro i» given by Eq.<4 1 . 1 S >. Ibe energy der* ndx on m r with Ihe motf negative m, valué having 
loe IüwüI eoergy. 

EXECVTI: (a) FotthcSg level / = 4 and Ibere are 2i +1 =9 difiere* m f sü*e* The 5g leve* b «pUl inl»9 kvcb 
by Ibe magnetic finid 

tb)Each mí le^el u ihiHed in eoeigy ra rawu:* given by </ = Ad)ac«U lc%eb ditTcr in by coe. *c 

ch 0*602X10*" 00.055x10** J-») „ „ , rt - , 

2<».10»xKr" ¡g =9577x10 A-m 

Atf =/*»il = (9.277xlCr* AAa í K0.600T>=5J66xlCT** J<1 ftVfl .602* KT 1 * J)=3.47xlO~**V 

<c) Trie level oí hinhe* eoefgy h toe (he Urge* m. . »bicfa ta m, = f = 4; t/ 4 = 4^0. Ibe levd nf lowed energy ta 

for Ihe raulletf whkrh k «, =-f =-4e IT« = The wpararion berma lbc¿c t*o leveb i» 

=8^* = 8(3.47x10^ eV)= 2.78x10" «V. 

EYAIX'ATK: Tbe ene* gy ¿qwabíx»* ve proportiorud ü> the magnetic fieJd Ibe eoergy of the * = 5 level m Ibe 

abra* of Ibe externa! rnafc*ne*ic Geld ti {-1X6 cVyS 2 = -0.544 eV. u> tbe ioteracboo energy Wh Ibe magnetic 

5eld U mucb leu iban Ibe bxndtng energy of Ibe tfabr 
41.16. -n Accordtog ü> Figure 41.11 in Ihe toilbock Ibere are three düTerent Iraiuitior* Ibal are «nuiUent *rth Ibe 
electa rule*. Ibe raitial m ( valué* are 0. ±t rad tbe tina) m f valué b 0* 

(b) Tbe trauiicku frum m t =0toiH; =0rxuducesche Jame wa%ekngth(122nrn)that VMttttMMteaAgBfllk finid 

(c) The larger wavelengm (simUeT energy) i> produted fnwn Ibe m, =-1 Iom, = 0 trannbea. 

(d) The aborter wavelength ígreafcr energy) b poduced frorn tbe m, = +1 la m, = 0 tnuuiuon. 

(b)lbree: m.=ii,±:. 



U=-£^^ (5.788X10^ eV/T)(a480T>=-2,78xl0^eV. 



2 

<b)Sincen= U = 05otbecebnoo(biUJ magneüc dipole inle»cbe«. But il n* Ü Ibere cvuld be since í < 

41J9* iDKVrmr rad SET Urr Ibe intentcuon energy b V=~fl B t Wh fí t givenby Bq.(41^2V 
EXECVTI: V =-jt B^+p t B t lince the magnetk 1 lieklii inihe negalive r-dñectkin. 

ft =-<2XK)232)(¿js r >o ü =-(2.00232>j ¿ ¡5,ff 

5, so V =-2.00232) \m t B 

jj¿=fr =5J88X10^ eV/T 
V = -2.00232^^/7 

The iif, = +1 leve) bu towec energy. 
A£f=+2.00232í5.788xl<r* eV/TXl.45 T) = 1.6SX10-* eV 



41-4 Cliftpter.ll 



wich Ibe electrón spin ú the ua 
eaergy wiih tbe ttttftl angular raornentura for Uatct wkb m i * 0. Buta U tfaleba* í = 0 and = 0« yo thcrebtto 



41.20. The¿Howíd U,j) 



41,21, iDtvnrv and SET UP: / can bave Ihe Y*Iuea /+1/2 aad f-l/2. 

EXECUTK: U>UtoÜK VftliKa7/2and9«¿liwwtbeawtíí-iy2=7V2 and f =8/2 = 4, Tnektterthallabeb 

I . ■ ; r. i ' . : i raust be i 



A£ <5.9xlCr*eV) ^ 0,21 m 



(b)Ai»EAftnft7)e41Acheclfecli V efieUb B ^ AEfZ^ =5 Jx 10"* T, tw*m&tx than Üui luurrf mtteexjnu*. 
41,23, lotynrv and Set Vr. Foca dawicíd parücle L = Ivj K*i a uaiforra iphere «ilh mu* m and radiu* A, 



/ = lililí 1 , so L = j \aú i : 



5^371* 5^3/4(1 «SXlCT* J y) „ 

^ > "2fttf 1 " = 2<9.109xl0-" fcgKLOxKT" m) 3 = "*" r 
<b> y = rú?=fl.0xl0* 11 raH2Jxl0*racVy)=2.5xltf , mfc. 

Evalúate: Tta u njixh grealer «han Ibe speed oí light r ■ yo Ihe model carmot be vatitL 

41.24, HouvverlbemtroNfroTckctroivi&obUiDeU, 4>ere*ulU muitbcconyirtent *ilhTabk(41 J); adding two 
electnx»* to Ibe rioc coofíguratkin U í 2í a 2p* 3^3/^4^ 3^4^ . 

41.25, The ten lou**t cnertey level* for efetüw 3Jtmthe/i = Í4nd«^2 ihelK 

A = U=G\«a.=0. m,=±i:2tíftto 
« = 2,f=0.m,=a «,=±i:2 
„=2J=L*,=0,±l «,=±1=6 



41.26, Fot ibe oolcr electro**, Ibere «re 

41.27, iDEvnrYral&TUr: Ibe energy of an alora* loe) U «ven » térra* of « and Z<. by Eq.(4].27). 



^ ( 1 3.6 eV), Tne tooiiftljoo cnergy forale«Jwith eseigy i* 

n=5andZ -| =2,771 gira E;=-iHJÍíl{l3.6eV)=-4J8cV 
The ionjxftüoa cnergy b 4,18 éV- 

EVAU'ATt; Tbe enecgy ot an atomic *Utc U proporüonal lo Z¿ . 

4I,2S, For Ibe 4/ yute. £ = -4.339 *V and Z* = 4^<-4 J39)/(-13.6> = Sirntfarly, 7^=1.79 foilbe4p 

1.05 fortbc 4d tfate, The electrón* irt tbe *taíe* with higher l teod to be further a»ay írora Ihe filkd subibelb und 
Ibe aereen «íg i* more complete. 

41,29, I [ '[ .m j -', and SE1 U U*c Ibe excUmon principie to determine (he ¿round-state eleclron configurAtion. an in 
Tah4c41,3 . Brtm^ Ibí ei^y by eimmating Z m * tftkíng iUo accoum Ihe cketroo icreerun$ of Ibe 

ETCCUTE: (i) Z=7 for tutamen «> a mtrvgen atoen bw 7 electrotti. N 1 * b» 5 electrón*; ü J 2* J 2p. 

tb> =7-4=3 rorthe2f>leveL 

^|(13A*V)=-^a"eV)=-30AeV 

(c) Z = 15 rorphwpbomiWftpbcuphocuiftlombfti 15 
hft» 13 eleclron»; Lr 1 2/ , 2n*3r i 3p 



Aiomic Strui 'tur* 41-5 



(di 2^ =15-12=3 for the 3/> le vrL 
^=-^^J(13AeV)=-p(13 í 6eV)=-l3.6«V 

EyautaTE; In tbc*e >om the re b one electrón ouuáde lilled iutahe.lt, so tt b 1 reatonable aprvoumation to 
ajiume lull ncreening b> ibese irmer-Hibahell electrón* 

41 JO. <») £,=-ÍÍÍ^Z¿. «.Z*=1.2Ó. 

(b>5maitariy. Z^ =226, 

<«> / _ f . becoroct larger going down the column* to lbe periodic Ublc. 
41*31* lOCVnrY and SET Ur: Ealiraate Z — by cwu*lering ckctnxi *crteriúig and ute Eq,(4 1 .27) to cákulalc lbe 
enogy. Z^ i» calcúlalo! a* in rUatnpJc 4 1 &. 

EXECUTV: (ft) lbe e lemem Be bas nuclear cbarge Z=4 lbe ion Be* bu 3 electrón! lbe oirtermoit electrón 
seet the nuclear charge tereened by lbe olher two electrón» %o =4-2=2. 

£;=-|^|(13A*V)ft>^=-^(l3.6flV)=-13^*V 

(b) lbe oitíennoM tlectroo in Ca* «e* a =2. ^ = -^(13.6 *V)= -3.4 cV 

ftYAWáni r« ibe electrón in lbe higheal lítate ii Ú reaaooabie to aisume full *creening by the olher electrón* 
w»Exan^4L8.TTwhi S hwtí-ttate*oí Be*. Mg*.<V. etc. aU have a Z„ = 1 ButtheeoergieaarediHetetU 
becaujte foc eaeh ion the outcrmoit lublevcl bu a difieren! n quantum number. 

41*32* £ fa &(Z-]> a (l0.2cV). Z * 1 4 J " tfX l0> * V = 2S.Q. »faicfa corre gpond» to the element Nickel (Ni). 



10.2 eV 

41*33* <a) Z = 20:/=(2,4$XlO l, HzK20-i) í = 8«XlO J 'm. 

E=fcf ^.UxlO^eV -sHMSxIO* rb)=3.71keV. A=l= 3 0 ° X|Q ] ' m > = 3 JSxlff* ra. 
* / ««xlO 17 He 

tb)Z = 27; fslMXltT Hr £ = 6.96 keV. ¿ = 1.79x10^* m. 

<e) Z = 48;/=5.4Sxl0 ll Hi,£=22.7keV.¿ = 5.47xlir ,l ir*, 

41*34. iDtvnrV; lbe ortxtal angular rnuraenlum U limited by the ihell lbe electrón i* ai. 

SCT ÜPr Fot an electrón in lbe n ihclL ib orbital angular mornentum quantum nurober / i* limíled byü 
and ib orbital angular momentum ü given by ¿ = jV(f+l) A * lbe r-coenponent oí tb angular moraetrtura is 

/- ( =m | . 1 -. wbere¿n, = 0.±l ±i< and ib sptn angular njomenrum u 5 = % Í3M A for all eleclroux Ib energy in 

lbe«*ibeU» (13.6eVy r it > . 

EXECtTV: <*) 1 = ^«¡Tíí = 12/ f -> / = 3. TTiercfw ^rruüld tot « cau W ^ 4. «>£; = -( 13.6 c Vy« ¿ = 
- ( 13.6 eVV4 l = -O.SS00 r>V. 

<b) B?r / = 3. m, = ±3. ±2, ±1 . 0, Sux« L g = r^h. the largwt ¿ <¿n be ^ 3 r andtbeirnalfe^titcanbeüi-3A* 
(c) S = JS/4fi for ttA electrón». 

{d)uuuicaie.fl = 3.foJ = Z 1. 0 TTwIoíc thr maxunum tbatt can be 1* = J2<2 + I)A = The 
mínimum L can be U zeru wben = a 

ETALUATV: Al tne ipjaatum level. ele^trcau m atomi can have unty certain aDuwed vahKs of tneir angular rnurnentum 
41*35* iDKVrmr; lbe total energy determinen wbat abeU the electrón U in. wfecfatiroto iU angular murnencurn. 

ObTUri lbe clcctron's orbital angular mc^rnenlum u pv^n by ¿s^i^A.MidibtolaJei^ymtrw 

i* £^ = -<13.6 eVVn 3 . 

EXECVTV: <m)Fir«rindn: £ =-<l3.6eWu 1 = - 0,5440 eV wruch give* n = 5. 10 f = 4. 3. 2. K 0. Tbere/ore the 

pos«bk valúen oft are p^eoby t = jftt + l)í: , pving L=0, v^* ^2A, JSft. 

<b) £, = - (13,6 cVytf = -OJ778 cV. A£= £, = -OJ778 eV - {-03440 eV) = +0,1662 eV 

Thw mu»t be the energy of Ihe ptooa. w> M = he/X vtteeh pvt* 

A = hctAE= (4.136 j< lü" 1 " eV - 1 X3.00 xlO 1 n^ViO 1662 eV)» 7.47- 10^ 7470 nnx *hich 1* ro lbe inírared 
and henee not vwiWe. 

EvajA" ATE; lbe efcetron can bave any oT lbe ftve poiaible \-aluen fce ib angular mornentum. but it canoot ha^e 
in) uthem + 
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41.36. iDEvnr*: Bn Ibe N *«U. n = 4, «befa l.m.1* the vj u « ^ ihe olbe 

SETUP: hihe ii*«he n.O )<<t.w, = 0. al ±J. and m. = ±1/2. The otWal «ng-uUi .«..«alum »f tbc 

elídn* itt= „íl(7+l) ft »«1 il. «pin «gulai lummum i.i=»®I». 

EXECVTl: («lw/ = 3» e (Ml*«m l =*3.í24.±1.0wl^ = íftfoc/ = 2w e «ah il «» l| = ±2.±1.0iu 1 d 
= 1M; for . = l . »* «n ta** «, = ±1. 0 wd », = ±1/2 ¡ f« / = Ojwcan hnvem^O *xl », = ±1/2. 

(b) R>r Ae W AtO. it = 4. and foc M^dectn». /= 3. gM« L = ,/Í^Í=^3TÍ)ft = .Jl2*.£,= 
mft = ±3ft. ±2A, ±ft. 0. *o Ihe máximum valué i* 3¿ * 5 = JJ/4/i for all electrón** 

(c> ftr arf^latedectrun»W = 2.pving L = J2<2 + 1) A = J6A . ¿, = «4^. aod Che máximum valúe of i* 2. soihe 
valué of ta 2 .* . ■ Tbc vnalle** ancle oceunt wben £* i» raotí clowly aligned along me angular 



, which u when ¿, ta greale*L Tberefore cosfl^ = — = -ÍÍL = jod ¿t« = 35 + 3 The lar^ett 

L J6.fr J6 



ingle uceurs «toen ¿^ U a* far a* pouüble froin tbe ¿-vector . viiuch U »ben i» rooM negative. Tberefore 
cwí¡U = ^Í-=— L and (L =144.7* . 

(d) Thi* ü nt* posible since / = 3 for an /electrón» bul in tbe M ¡thell tbe máximum valué ofí i* 2. 
EvajXATK: Tbe fací Ib* tbc anglc in parí <c) canoot be icro lelb ui Ibat me orbital ¿tnguiar roomeutum ol me 
electrón cannot be lotaUy ah^ned along any qwdffed dírectiou. 
41J7. lotvnrv; Tbe inner electrón* tbictd pan of (be nuclear cbarge írorn me outer eleclron-. 

ta Utn Tbe elecuon'et encrgy ra me ir* sheD. due tu Uwlding. It k% = - ^L(l 9 JEéV) , where Z«« w Che 

cüective charge mal me electrón "«eer ftk me nucleu» 

EXECUTV: (a) /" = -£á-03»6 eV) jnd n = 4 lor ihe 4j siaxe. Solviog for ZUcive* =.|- ^ - ** 9> * 7 
IT V 13.6 eV 

s 1.51» ITw nucleu» ooMtkftl a cliarge oí *1 le, so ihe &y<ttgc number orelecironi mal screen dn* oucleuk. mud 

be 11-1 Jl =9.49 e*ectrom 

<b)(i) Tbe cbarye of me nucleu* i» *19^ bul 17_2r b «crwt>e<l by ihe cfactruo*. *o me cúter ekctrou "wty~ 19r - 
(ii) £ a =-£?l(13.6 eV)se-íl^-fl 3 '* eV)s-2.7SéV 



1 . ;hate: Sodiumbai M proloru^ 10 me inner JOeJectrom ibteld abv^e porUoo of (hw crwrjc fromlhc outer 
cJectnx». BuiuVv Juti'i ihiL-td 10 of tbe pcutoai. »»ce me inner ekctrocu iM uot loUllyequivaknl to a uniforrn 
^pberical ibcll (Tney are lumpy.) 

€L3L S«Exampje4],3; f*¡rf=Cft**i J(f ^f J =Ce" A ^(2r-(2^/a)), and for a rauumum. r = a Ihe diirtanceof 

me electrón from tbe nucleu» m Ibe Bohr moód, 
41.39. .i . I ] j s : : i v and Srr L>: Tbe caeigy » civea by Bq.<3SJS). wtoch i» ídentical lo Eq.(41J>. Tbe poteabal 
b given by Ecf (23,9), with q = +Zt and q t =-e. 



KVÁlXxm Tbe tuming poml i* frice Ibe Bohr radiua. 

|b) lotvnrv and M : U For Ibe ] . itale me probabiliiy Ibat me electrón ü tn me claivkaUy farbtidcQ retpoo 



i» /*(r>2fl)=j^|iK u [ífV=4ffJ ^^fi^oV. Tbenccmab^wavefuricbuooflbe U *ute ol b>drogerj ü pven in 
Bxample 41,3: r H~ / Evalúate tbe mlegral; tbe mlegrandü me same ai in Example 41 J, 
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P<r>2*>=-* 



-andar 



2 2 4*7^ 



/V > 2u) = 4<-~ É (13/4) = 13*-"* = 0,238. 

EVAit" AIK; Tbew i* « 23.8% probubiüly oí Ihc electrón bcin$ round ra Ibc chairadly íorbüklen regio rv wberc 
cluricaUy tu kinecic i-or:v:y wtxild he negAtive^ 
41.40. (tí Iwgí valias otn. the inoer electros wül coraplelcJy raieid Ibe nucleui. so = 1 má the iraralioa 
L3.6QeV 



ínergy wuuUJNr 



[c)Stmtelyíorit = 650. 136QcV =322x10^ eV. r-, = (65ü)'<a529x 1CT" ra) = 2J4X 1CT 4 



4L4L ^«=^^¡2-^)^ 

(a) iDKvnry and SBT UP: Let / = j "|^f dV = 4*j ["Kf 1 ^ " ^ » nurmalued rae© will U Ib* 



Uw rae integral íorrauk J fl fiT**dx = — ^bp wtth tt = \fa 

i= 1 



Ib) SET UP: Fot a iphericallj i>Tnmelne Male luch U ihe 2.. Ibc probabürty Ibal Ihc etectrun »ül be íüund « 
r<Aa ta P(r<4 < rt = J o **h' J ,|' < n' = 4»j B > J ,| , r'*. 

U« rae integral forrad* IrV^s^f^+^+J,. | wilb #=Va. 
J t = -4|**" V* + 2ra í + 2^ )f = (-104*-" 4 + S)a\ 

Uwlbe integral formula |r\^Jr = ^j ^+^+^+^ | wUh ff=I/a. 
/ 1 = l(^-" - (r , < i + 3rV+6™ , +6<i 4 )]¡'=(56eV- < -24> < i\ 

U* rae integral formula jrV* | ¡ j wiih *=lí* 

J l = -J r ^'V^i+4rV+12^tí , + 24TOV2^^ 
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Pir<4a)=— T V t + t 1 + I,)=— ^([8-24 + 241+^1-104+568-8241) 
i^i-<4<i)=i(8-360í- , )=1-45f- 4 =0.176. 

EVAIXUTK: There U an 82.4% fxobabüUy th* ihr electrón «ÍU be found ai r > 4a. lo tbe Bobr raodel Ibe 
electa» U for cerlain al r = 4o; mi* i» a poor dtacripüon uf (be radial probafcdlily diitritarbon for Ibü 
41.42. (a) Sinc* Ibe given real r 1 Ii*I*=jV- The pnAahÜity derwily will be an extreme when 



Thifc occurc al r = 0. a mínimum, and *ben v = 0. 



miriimum. A máximum must correapond to <y + = 0. Wiihin a muUifÚKativc corutant. ir) = (2 - r . a)e~"*\ 

— = (2 -r/^V"*^*. and Ibe coodition for a máximum b (2— r/a)=(iVa)(2-r/2a) i orr a -6>a + 4a í =0. 

The sotulion* lo Ibe quadrabc are r = a(3± Tbe rabo of Ibe probability detmüe¿ al Iheie radii b 3.68. *ith 

Ibe Jarger derudly tt r = a (3 + fi) . 
<b) ^ = G at r = 2a 

Partí <a> aod <b) are (wcmitecil «iih Rgure 41.5 ta üic texlbook; nole Ihe t*o rclative máxima, one on eacb ude of 
ibe minimum of zero al r = 2a. 

41.43. iDKVnrV: UseFigure 41.2 m tbe texlbook U> relate f\ to L, anáL cw^ = ^ AO0 x =arcw* ^ 

UíSetLP: The amalle H angie <^) M ¿i for metíate with Ibe largctt L and Ibe largeat ThiJt U me «tale wiih 
t=m-í and m; =í = «-L 
EXECVTV: L a = =(«-l)fí 



■VilXUBi Note thal W^O 9 »"-»*- 

(b)SCTUPr 11* largml angie <*\) — i» for J = »i-1 and m, =-/=-ín -1). 

EXUXTI : A «milar calculación to pan (a) jieJd» (fV) — = am^-vl-l/ji) 
Evaiiate: Notetbat appcoacbei 180* a» i-»**. 

41.44. W4+í= í -í=W+^-^ l »^ 3 # í R t 

<b) Tbii i* me magnitude of Ibe componer*! o! angular momettlum petpetidivular lo Ibe r-axi*. 

(el The máximum valué ¡» Jf(f + 1>* = £, »ben m; =0. Tira* i», if Ibe electrón U known lo bave no ¿-componen! 

of angular momentum. Ibe angular momentum mutf be perpendicular lo tbe ¿»axi*. The minimum ü *flh *faen 

model.r, =« J aso/j = 4a. wbicb aerees. 

41.46. The time requrred lo iranul tbe htriiootal 50 cm región i* f = — = m = 0.952 m< Tbe torce reuuired lo 

¥ a 525 m* 

2aj . | O.t079kg.mol | 2(0.50xlO J m) 



11.98K1CT 1 ' N A«c, l( diíi í (oEq.(41.22).lhí.ilw<ir ... i» l M , 1=9.28x10* A m 1 . Thui. tbe re^uued 



^.28X10^ ,, T - 2IJT ^ 
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41.47, Decay fruto a id u*2p iiMc Í9 bydrogea mean* tbal n = 3 — tit = 2*nd =±2. ±)< 0-*«v = ±1*0, HovieveT 
¿electrón rule* luml ihe pouibüiiie* loe decay. The emiiled pbotoer carnes oíf one urut ol angular murnenlura *o 
/ mu*tcban«b> laod henee m r nwitf cbwe by 0 or ±1, The abrir ra Ibe IraKrition ewecy frora tbe zcto fkld 



valué bjutf (/ = («* ~m k )^ m B-^-{m h -m.\ where b tbe 34 mj valué and i* rae 2/- m, valué, Tbu* 
Ihere are only three difiere nt energy *hifu Toe y and Ibe liaruitioru thal have ibero* labelcd by ihe ir^ ñame*, ara; 

:2-H. l-*0. 0-*-l 

2m 

0:l-»L 0->0\ 

1 ] . lniMJfV: "Ibe preieace o/ arr exleroal niagneoc fieid ibüT* Ibe energy level* up or down. decerxtrag upon rae 
valué of 

San Up: Ibe «kctkm rule* lell u* thal f(* alkmed tramitkm*. ¿J ■ l anddm=0or±L 
EXECCTC: U>rT=Aoa=(4.136xlO"" «V i X3.00X 10" mfcyv475.0S2 ora) = 2.612 e-V. 

(b) for aUowcd tTanubora. ¿/ = l and Amf=0or±l,fo Ihe 3dsUte.it = 3./ =2. and mt era have Ibe valué* 2. 1. 
0, -1.-2. ra Ihe 2p4tate.it = 2,/= 1. andmt canl» 1.0. M.Toeceíore Ibe 9alki*ed tjrartuu» from thc 24 *tale 
in tbe pte «kc oí a magneüe freíd are; 

l-2.nj-2-> f-l.«ij-l; 

f = 2.m,= l - /» 1.^-0 

f-2,j«-l -* 

í=2.ntr=0 — 

/ = 2.mr=0 — ULm-I 

/ = 2.m, = 0 — 1=1.1%=-! 

1-2, »t— 1 — í= 1.^ = 0 

f = 2.«y=-l — r= l.Mj = -I 

f = 2.m,=-2 — [=l.Mj=-l 
<c> A£ = = (5-788 X 10" 5 eWTK3JO0 T) = 0.000203 e V 

So Ihe encepe» of rae ncw *taie* are -8 J0000 cV + 0 and -S.50Ü0Q eV ±0.000203 eV. gjvrag energie* of; 
-8-50020 eV. -SJ00Ü0 eV. and -3,49980 eV 

(d> The eneigy diHerenost of Ibe alkmed tranütioa* are equal io ihe energy difTcrencea if nc magnetre fkld weee 
(2,61 176 eV. irora pan (a)), and thai valué ±AE (0000203 eV. from parí 4c», Tbeeefore we mi Ibe 



R* £ = 2.61 176 eV: A = 475X182 nm (whacfa ¿ven) 
Rar£=2.6U76eV + 0.000203 eV = 2.611963 «V: 

¿ = A^ = <4,136Xi0^eV*K3.<^ 

Bw£=2.6U76eV -0.000203 eV = 2.61156 «V: 

¿ = AcVE=(4.136xlO"" eV i «3Mx 10* in/*V(2.61]56cV>=475,l ]9nni 

EVA1XUTK: Hven a i&oeuj magnctkr fiekl produce* *mall chance» in tbe energy lev*U. and berxe in Ibe 
wavtftengibs of Ibe cmiUcd hght 
41 .4V. iDrCmfY: Jbc prwence oí an eileroal ma^neúc fteld abite Ibe energy leveU up ce duwn. dep:oding upon Ihe 
valué uf fftf 

Stl i e Ibe energy difference due to Ihe rnagnelic freíd i* ¿E- iJ»fi and tbe eneegy of a pboton i* E = At/¿ 
EXECITK; tbe p álate. n% = Ooe ±1. aodfor tbe i slate mi= 0, Between jny t*j ad>aceeil lines. ¿£ = /Jt>& 
Since Ihe cbange rn Ibe viavelength b ^eey unall. Ihe eoergy chance {SE) b abo very iroall. %o we can uie 

clílle«otial*.£ = ^.l^ 

Jí = (4,136 X 10^* eV-s)<3.00xlG* nV*K0,O4í2 r-mV(5,788 X llT s eV/TX575.050iim^ 
Evautatc; Hven a W oeuj magneüc freíd produce* ¿nuil change* rn tbe energy lévela and heoce in Ibe 
wavekaglh* of tbe enatlled Ught 
<■) Ibe energy *hif t from zeeo freíd i* Ar7 4 = mji^B. 

F«Hor í = 2.AU ft = (2)(5,79xlO~*eV;T>(1.40T> = 1.62xlO J eV. 

Focjív = IA1V, =(lK5.79xl0^eV;TKl*T)=8.11xlO"*eV, 

ft)|¿UN^!^! t where £¿ =03,6eVKaM)-(l/9)). ^ =¡ ji=6,563xl0"' ra 
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andd£=L62xl0" < eV-8.nxlCr i cV =8.09x10"* eVrrorapart<a), Tbra. IA¿t = 2.81xl0~" ra=002Sl nm 
The waveleogth correspondí lo a. larger vtxigy cfaange. and *o the «ivelenglh U wraller. 

41,51. I[.[.mj-',: Tbe rabo accordrng lo tbe Bofcxmann dt*trir*Jooa i* given by Eq.<3S.21): 3.b^*-*>" . whert l i* 
Ihe higher energy «ale and 0 i» tbe lowei 



BnVh IV interacooo ener$y «ilb the raagncbc ficW ¿i (/ = = 2.00232 j ^- (Exart^k 41 J.) /Ibe 
eoergyo/lhe itt, = +i le\«IutiKivMd4»Jthi!Cf>e«syorthc = Ifffilta 



«-OI 

(a) £=5,00x10-* T 

Ü»L=^-" =0.99999978 = l-2,2xHr , 
«-oí 

(b) B= 5.00x10^ T. -5*- =0.9978 

le) a=5,OOX10^T 1 ÍíL=í- 1 * w,< =0.978 
it . _ 



EVALUATE; For «nall fiekb ih* ««s» aeparaüoo be<v»een tbe r* o *pm vtai» b much latí iban kT for 
T=300K and tbe *Ute* «c cquatiy populatcd. roe B = 5.00 T Ibc cnergy *pacros u Urge enough for Ibero lo be 
a wiall excera oí alora* in Che kmer »tue + 

41.52. U*tngEq(4L4>, L = Mvr = ^¡Ü+Tth t and Ihe Bi*ff radiu* frora Hti.i3S.l5), we ubtain The foUowing valué fw r: 

W= #*W = ^«?!?^) 

wfir*,) 2ff<9,nxlCT l k$)<4)(5.29xlCn l m) 
"nxuving" prefton ai ibe electrón* poJition con be cakulated from Eq.f 2S. 1): 

,,&!!y,^T.^^¿ w Jy w .q m T. 

41.53, lOKVrmr and SET UPt cántate on4 difieren* t-aJue»; m, =-— . -— , +— , +— . Eacb n/m r Hale can have 4 

2 2 2 2 

tlectna*. each with one ol Ihe loor diUtrenl m valué*. Apply tbe excluuoa principie to determine Che electrón 



; <*>ForafiUed it=l íheü, Ihe eketron cunlÍ£urauoa v-ould be U t four electrón* and Z = 4. Fura 
TrUed n=2 OwU. (he electro «xriguratxm *ouid t< U*2**lp*i twerty eJeciron» and Z=M 

EVAIA'ATK; Tbe cbarotca) propertica of eacb ciernen* «ould be *ery (hTlerenL 
41.54, (a) Z í (-13.6eV)=(7> 1 (-13,6eV)=-666 fl V- 
4b) Ihe negalive oí (he re*uh of part (a). 666 eV. 

(c) The radiu* of Ibe gruund alai* orbét i* invenely proporuooa) to the nuclear charle, aod 
1=(0.529X10- W m)/7 =7^6x10^ ra 

id) A — , «bcre A" b the energy fouod in parí <b), and X = 2^49 nn>. 

Mr 7 
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41.55. (») IDENTIFY and SET l>: The energ > oí Che ptaoton eojual* Ibe Irauition eoergy oí ihe alom: A/-" = hcfÁ* The 
iBÉttlfil of Ibe ttÉM «e giveo by Bfli4Lft 



, P 13.60eV m 13.60eV _ c l3.60eV 

LXECTTV: £;=- — -i — *o £^ = - and E í =~ 

AE^-^ = 13.60 eV^-i+lj=lfl3^ J 

^^ =< 6.^xlO-i.^K l 0' m r, )=|:ax|trJm=mam 

A£ 1.634x10"" J 

(b) IDKVTWY md SET ÜPt Calcúlale ibe citante in A£ due lo tbe orbital raagnebe ¡nleracbon energy. 
Eq(41.17) H and relate teto tbe ibift A4 in tbe pbotan wa>ek»gtk 

]■. xk hk: Hie khiít of a Level due lo Ibe eaer^y of irueraction with ihe mognebe fieid in Ibe r-direction U 
t/sm^/pB. The ¿round »late bw m, = 0 so i* unaifecied by ibe magneto: fiekL The M=2 initial ¡late bu 

n\=-l so ib eoecyy U ihtñed dowoward aa arociunl f r = m^B = (-IX9 t 274*10~* A^ra ! )(2J0 T)= 

(-l.WüxlíT 1 * J>0 eV/].602xlO"" ^=1^73x10^ eV 

Neto Ibat Ihe übjíl in enerjíy due totbe imgnetic Held i» a fftty «naU fraelion oí tne SO 2 eV rravition energy. 
Probkra 39 56c Oxm* Ihal in thw «tuation |UU|= |A£/ í | Thw 

|AJ|=¿|Ag/g|=122«n| **™ ey |= l^XlO^nrasl^pra- 

Evallate: The upper level m Ibe ir anuliou b lowered in eocrgy »o Ibe (ramillón eoergy is decreaked. A «mlkt 
A£ mean* a larger 4 tbe magnetic fteld iociea*e* Ibe wavekagtb- Tbe Iractional ibift in wa«:Ienglh. AÁU u 

irnall.ooly 1.2 xKT*. 

41.56, The effectJve lie Id u Ihal wbnb pvea n*e to the observed dilference in Ibe energy level tratrolion. 
ff=^£=^l Azá|=*I5Sf i^lsütoOitüiionornmwnc*) vdue* pvc* ^=3,64x10^^ raoch«mIler 

Iban Ibal for *odiun) + 

41.57. iDCCTinr; Eaümale tbe aUxnic traruátion eoergy and tue Eq>{3&6) to refale rhb to 
(■jSrrUP: vanadio Z =23 

lo 



fcXECfT«; The higbea octupkd *heü ulhe*V*heO (n = 4X Tbe bigbe*t energy uamiÜOD b JC. wiib 
traniritiofi eoergy &E = E X - E t . Since ibe shell eoergie* tok Uke 1/ji 3 oegleet E fl rebtí^ lo £¿. so 
AE=E K =(Z-\) i Qy6 eV)=(23-l) 1 (l3,6 cV) = 6582xlO* eV= 1.055x10"** J. Tbe enetgy of tbe emilied 
pbolon ecjuab thi* mnution etiergy. %o Ibe photoci*i ^avekogtbisgivenby A£ = Ae/4 w A=hct&E. 

Set Up: iflmimiffl 1* j^'elcn.gib ¡ corretoundi lo snuJlest tra rtf il i on ener j¡y F m> toe Ibe X a tranjpliuci 
EXEtTTt; Tbe frequeney oí Ibe photon emitled in ihLi trjnníi-on i* gjven by Moteky^ la* (Hq.41 29 y 
f =(2,4SX10 1$ HiJÍZ-O 1 = (2.48 X 10** HÍX23-1) 1 =L200xltf" hz 

IbJrbemum. Z=45 

Apply tbe analyu* oí o«1 (a). Ju>t with thü dilTcrent v^lue oT Z 
»^ t aümi*^knclh 

Af=F í =(Z-l) , (13.6eV)=(45-l) 1 (l3.6eV)= 1633X10* eV =4Jl8xlCr" J. 

jl= ^A g = <6 " 6 - 0J ' i>)(2 -r ,<l0 '^ , =4.71Xlir" ma O.O47, nM . 
«IBxICT" J 

/=(2«Xiry* Rc)(Z-l) í = (2,48XlO tí H2X45-1) 1 =4,801x10** Hx 
/ 4.801x10*' Hz 

tVAlL'ATt: Our eakvUled wavelengtiu hj\*e valúes corre^pondin^ lo x ra)v, Tbe Ir-toiition eoer^ks increpe 
ttheo Z fflcífu^ and the pbulun ^vavelengllu 



41*12 l bnpterJl 



he 2 L TTO 



2m m A A* 

(0.0350 mK 1 60 x 1 0**^ C) 

41*59* (a) To calcúlale tbe total number of sU*m fot Ibe n fc principal quanlum number ibeli »e mu*t muhiply all ibe 
poxttbÜitie*, Tbe vpin rtales mulüpiy cverythio$ by 2. Tbc máximum J valué U(n-Q» and cachf vahichns 
(2i+]>»L vahe* So Ibe total numbei *Utw b 



1b) Tbc n = 5 d»cU (0-»heU) tus 50 

41.60, lOtvniT; Wc tteal Ibe Earth a» an 

SETVK The intrmwe *pin angular raomentura of an electrón u S = , and Ibe acular inocneotura of (be 

ftpwning Earlh ú S = /<v, where / * 2/5 m/T 

EXECVTV: <a)U«iag S = Jai= J2¿ and wtvíng for íü gira 

¿ - ^ 4 í -=9.40X1©^ «dfr 

jmX 1 -(5.97X10* kg)(6J8xlO* ra)* 

(b) We could not uv Ibi* approacb on tbe electrón becaute in quantum ph>*¡c* we do not view ÍL intbe clwuicaJ 
«n^a-pmning ball. 

EVAUMTC: Tbe angular velocit)' we bave ] um calcuUted for tbe Eaflb »ould certiinly be nuiied by ti% presen! 
angular xpm ul one revolution per Jjv . 

41.61. The potcniial t/(*) = -4x a b Ibal of a wmpk bannonic oiollator. Trealed quantum meebanically <*ee Secbon404) 

eaeb ™/*y »taf e ba* cn«sy ^ =Am (n+¿> Srace eJectrona obey tbe cxclu»on principie. thU alkiw* U lo put tnv 
electrón* (one for eaeh m t = ±J> for every vahie of n— eacb quantum «ate ü Iben deftncd by Ibe ordered pan of 
í«, m A )♦ By plaong lwo electrón* in cach energy le vel Ibe lowest energy i* tben 

2 2 



Here we u«d Ibe bint from Probkon4l J9 todo Ibe fiwt auni* reohrag Üul toe frcl valué of n a reto and ibe la*! 
valué vinaS- Lpving u* a total of «Veneigy Jevei* filW 
41.62* (a) Apply Coukxnb^ hw to tbe ortnüng efectron and xi A equal to tbe cenuipetd forcé. Tbece i» an attraeüve 

forcé witb cbarp- +2e a divlance r aw^y and a rcpubi ve Torce a dotante 2r ^way. So. '^"T^ ¡^2^ = 
lí^.BuU tiom me ouaWuaiion of angular monxnlum m Ihe fei BobrorNt L=«vr=A^r=A. 



-2^ -W r -7^ 4*V J 

^í^ + w4t7 = -;^ ; a<7'T7 = -y- 

r = 1; ; = 1^. = í <0 + 529 « lO^ 1 m) = 3 + tí2 x UT 11 m 

-A 7 7 <LQ54xtCr"j *) _ _ _ . 

(b) AT=2f I ípw 1 j=9Jlx]0^*ksa83XIO'wW 1 =L34xlO- 4, J=83.5eV 



Alome Süurttar 4M3 



id) £. = H-166.9cV + 83JeV|r.83 + 4eV, whkb b ooly off by about 5% frora Ibe rea) valw oí TfcOcV. 
1 ] A ■'. i) Tbe radhu i* ixrrcncly proporoocial loZ » Ibe cUutca) Cunun$ radiu* i* 2a/Z. 

ib) Ibe nonnalixed m«B fuactioa b * (r) = — — !— and ibe protabibly oí Ibe electrón being ÉMttd 

u=Zrta.dr=(<2/Z)dM chañas tfat ratefral lo J>=4| VV* wlbch i* ii^i^aU Z TTw pn*ab^if 
Iba* round in Probkra 4U9. 0.238. ©dependen* 
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42.1. (l)r .3 ff . r .2X.2(I9xlO-W^rM) 
2 3* 3(U8xlO^J K> 

^48 C V>(L60X10-J e v) 
3(U8xlO"^J.K) 



le) The ihemial enef g\ aisociaied wiib room lemperaturc (300 K) i* mucb £reater ihan tbe bemd energy of He¿ 
iü part <*)).» Ibe typwal coito*» al rocín tempe rarure will be nwre tnan eouugb ü> break up He, . 
ic (herma! encrgy «1 3CC K \% rauch le» Iban (he bood eoersy oí H a , w we «xiuJd c*peci il (o 
hftttttm 



42.2. (■)</=-J_£-=-5.0*V. 

ib) -5.0eV+<4J e V-3.5eV)=-4.2eV. 

42.3. lOKynnr; The enefsy pvco U> loe phcU» come* from a tramboc botaran rolalioaal rtatev 

SETUP: The rotacional energy of a rootceule i* £=í(í+lJ^^Üweoe^yofllwrAu<üQÍaf = Aott. 
Execvte: Use Che eoerf y formula Ibe encrgy difterence bet»*en Ibe / = 3 and / = 1 roCaboeoJ leveb oí tbe 
moleeulew A£=íl[3<3+l)-lfl+l)]=^— Smee ¿e? ■ AtfA we get hc/Á = 5 ft 1 //. Solving for / pve* 



2Mt 2*(3.00xi0'rn/*) 



lU D .r-.r*»« H *».«.r- /W-W - i K^X^^ ^>("3xlü^kg + L67xlO^^) 
r 0 = 5.65 XtCr 1 **! 

EvaJX'aTK: Thb «eparaboo i* roucb «malta Iban ihe díamete* of a t)pic*l itom and i* no* very realislk. Bul 

ve treating a fajwtheticat NH moleculc. 

42*4. The eoerpy oí (he emiüed phírti* b LOlxIÜ* 5 eV.and *o it» Irequency and »avelengib are 

, E (L01XlCr*cVKL60xirr" JeV) | , í (3J3ÜX10 1 ni si „ M . 

f= — = l — n i = 244 GHz and ¿= — = - 5 - = 0.123 m Tm* íreouencv 

A (M3xtCr* J i) / (2.44x10* Hx) 

corras pood* lo thar pven fue a mkrouave oven. 

*Z5. Let 1 refert0Cand2toa m=L993xlÜ"* kí.m, =2.656x10"* fct, r. =0.1121 



p. =0X1644 run (carbón) ; fc = r =0.0484 nm(oxygen) 

Iipl+iiiI 



(b) / = m\j] 1 +m 2 r/ = L45XlO~* kg rn 3 ; yvi. thi¡» agree* wiih Exumple 42 2. 
Each aturo ha* a man m and U al a dUtance Li2 from (he ceoter. mí ibe moraecU of mertia is 
MmXLÍl)* =mL i fr=Z2l* 10^* kg m 1 . 
42.7. locynnr and SO ÜPr Set AT = £, irom Eumplc 425. Uw JCs^/ap 3 lo w\\v for <u and v ^ r& io *olve /of \> 
EXECVTV: (m> From Eiarrjpk 42.2. ^ =0.479 meV =7,674x10^ J and 7 = 1.449x10^ kg m 1 

JCs^/or 1 and K = E pve* «s.ttí;// =1JD3X10" radV* 
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42-2 i luraterJÍ 



(b) P l =r 1 ú\ ={0.0644x10"* raXl-03xlO lí radfo) = 663 sn/s (c«bon) 
= = (0.0484 XlO* mX 1 -03 x ltf* ndfr) = 49*8 rafe (oxypra) 

lt) r=2*/<v=6.toxicr ü * 

fcVAXCATI; from the iniurmaUoo tn Humóle 423 «e can cakulaxc the vibcaliroal pcriod lo be 

r = 2*/<v= Itjmtfk' =1,5X10"** t The lolational motil» b ovo an order oí raapürade aiowe r ihan tbe 



vibrational mution* 

íI^t— i^^ü 2rc\ 



12,8, AE=^ = ftJ*7« f . uod wh-fflg ícir V. F= =1 h^=205N/nL 

42. iDKvnn ihJSnlp: Tbe energy oí a rotatkraaJ Icvel with quantum number / i» E t =l(¡+\)?t 1 /2l (Eq.(42J>) 
/=i»r*. wiib Ibe reduced maw n aven by Eo.(42.4). Calcúlale /and ¿£ and raen rae AE^hc/Á torrad K 



f =^ = (1,461X10^ k$H0JS9xl0^ ra) 1 = 3.694x10-* lyj »* 



h \ ai. r ate : LiH ha* a imaUer reduced maw (han CüjoI/ is iomewbat imalkr ocre Iban Ib* A cakulaled for 
CO ra Ezarapfe 42,2 

iDC-mnr: Tbc nrxaliíttial encrgy oí rae moiecule u relaied lo ib forcé constanl aod reduced roa», while rae 
roUiional enec «v depeod* on ifc raomenl oí merüa, whk* ra tura depeod* un Ibe 



SETUPt lbevibraüooaleoergyb £, =Íji+I)a^=[«+I \h (E aod Che rotabonal ene^y » £ ¡ = f(/+l)íl 

^ 2J "v 2/ YJm, 2/ 

EXEiTTE : For a vibrauonal trarutiiion* we bave A£_ = A I — íaral need ti> frad m t . Tbe eoerey for a 

V 1 "» 

h> TA 1 

rotacional ttHktMofi u A£l = [2<2+l)-l(l+l)] = Solvrag for / and uwng tbc lacl (hal / - m/^ 1 . we 



T 1 ti* 

m, r ( " = . «tiiob jp v e* 



* _ 2 (l .055x,0- J -,)(6.5 8i X, 0 - «V-.) _ ? ^ |<HI 
AE* {0,8800x10"* ra) (8,841x10-* eV) 



Now look al Ibe vibrational Iranjition lo fiad Ihe forcé 

V". ^ {6583x10- .V-t)' 

EVAIX'ATE: Ibis »ould be u ralhet v.cak tpriog m ibe labotjíixv. 

42JÍ. Hi."^,..^ ^^^«'-H-l'-,/).^ 
^ 2/ 2/ 2/ / 
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42*12. lD£vnrY; Fuid lor (he uuuiboo and cocnoulc ^ .1 I 



SOÜPr Frocn Ewunpk 42,2, £ r =/</ + l) — . wi* — =02395x10"* cV. Frora Eiampk 42 .3. ¿£=02690 eV 
utfae »pJKio« rxCwrcn vibratx*»] fc\«J*. Tbiu £, =<n+ jMíV. wüh A #=0,2690 eV. ByEq.(42.9). 

(i)*=a->»=liftlJ=l-»í=2 
A* 



to-=af=j.£;=i^ + 2j_ 

A£=£ / -£ k = ft«+ 4^ ¡=02690^+4(02395x10^ *V) =02700 cV 

Ac É _ . Ac (4.136x10"* cV -AQJMxlO 1 rafe) . 
T =AIÍ*>¿=_= __ =4.592*10^=4.592^ 

(bt *=G-*it=l andf=2-»f=l 

AE=£ / -£; = ft»-4; — ;=02690cV-4<0.2395xKr*cV)=02ó80eV 

^ = A L= (4J36xl0^tV ^2998X10- itf J > =4 ^ 27x!crfria=462 
A£ 02680 cV 

te) «=0-»»i=1mmI/=3->J=2 
Fbr n =0. í=3. ^ =ífttt+12j íl 



A£=£, -£ =*ú>-6í — 



= 02690 cV - 6(02395x10"' ©V> = 02676 eV 



Ac (4.136x10"* eV *X2998xl0 l rafe) -«. wtJ ^ JiJ(l 

/i = = =4 634x10 m = 4.634//m 

A£ 02676 cV 

EVALt'ATü: AU tbrec tranxitiora wc for n - 0 — * n = ) . The sp&cinjE txrlween vitaatkiiu] Lcvcl* i» thm ' : ¡ ■ 
spacing txriween roUticoal loe U b so the diílereocc ra ^ 1 01 Ibe various nrt&Uooai irarmUocn U *raaJl. Wbrn the 
trankitjon i» lo ftlttfflf ( A£ > and ubtn the tramáiioa a lo 4 kraillcr/, A£</iot 

42.13. U)lDENTOTandSrrLT: U* ü)=Jt7^ aod »=2*/ lo «fruíate Ibe atórale raaww are ured in 

Bü,(424)toeakuUlc *v 



"S"S - , 0^x10^ Wi5xio- a *k 8 ) ^ | „ ¿v1iW , 

m^+mi' mt+m, " 1.67x10^' kg+ 3.15x10°* fcg ~ 
tf=m¿2Mf)* =(1.586x10"* k$)(2Afl 24x10** Hx|)* =963 Níra 

tb)IW?miY«daTUPT Tberaergybvd^^obyEq^T). * =(it+^=(it+^ *«* 
¿<tf= (A/2r>» and (ív/2t>=/. TlKei^yípacii^btftweCTadjAceolkveUb 
A^=£^-E. = <n+l+A-ji-¿y</=V, 



42-4 Clwptrr 42 



EXECVTV: AE=*/ = <6.á26xlCr* J iXLlixltf 1 MOsS^XlCT* J =0.513 eV 

(c) iDKVimr wiJ SET ÜPr Ibe photuo energy euuak tbc iramiiion enersy M> &E = hcfÁ 



Evaumtv: Thb photoci b nfnred. which i* (ypical for vibrational tramilion*. 
42*14. Vos an ¿verane ?pacin£ d« ihe derualy b p=mf J , unere m U Ibe averie ol Ibe ionic roaste*. j^U ho 

¿ (2.75x10 'k$ ra') 

and « = 3.30x10^ ro= 0330 oro. 

(b) The larger (bjgbcr alomic number) atutns bave the largcr ipacing. 
42*15* iDKVniY and SET Ur. Find ihe volume utxvpáed by eacb atum. Ibe dewity i* Ibe aven* ge hum ■ ■: Na aad C1 
di vided by thb vobunc 

EXECtTt; Eacb atom otxupiej a cute wilhiide lenglb 0252 íwv Tneteforc. Ibe volum ixcupted by eaeh 
i* V = (0582x10** m) 1 = 2.24x10"* ra\ la NaCi tbere «re eqwl numbem of Na and Cl atoros, «o the average 
oílbealtuw b Ibe cry*ul U "ts^Ow* +n%j)=i<3.S2xl0-* kg+5.S9xlO"* kg>=4.855xl0" 3 * kg 



Trttdenwty Iben lap=S=^^^ *f = 2.17x10' kg/m'. 
tVAUtám Tbeóe*mlvi>f water u LOO* 10* kg/m*. *ooi 



M he (6.03x10-* J sJÍ^OOxlO'm.*) 

42*16. ■) Asapiwfc*. ¿ = — =- , — 1¿ — n i =0.200 

<b)A* 



le) A* 



* - (663X10-J.) 



*j2*t£ fc(9.1IXI0^k£)(37.6eV){l.60xlCT" j/eV] 



¿= * =_ i***vr>") a0Mua , 

JlmE ^{1,67x10"" kjKo.0205eV)(l«xl0"** J/eV) 



42.17. iDEvnrv: Tbc energy ¿ap U ihe energy of Ihe max imum - *a ve length p^íXoa. 

SETUPt Ibc energy ÜITerenee u equal lo ihe energy oí tbc protón, w A£ = fe/A 
EXECUTI: (») Uwng the photLC « wleogth Id find Ibc energy düíerenc* gívet 

A£ = Ac^ = (4.13óxlO' ,s eV •i)(3.00xl©' mW(l.ll x 10^ m)= 1.12 eV 

(b) A uavclenglb rtlJlpm = 1110nmiimihc mirured, iborler Iban ibalof viubk ligbt 
Evaja aTI: Sinec viwble pbotoiw nave míxe iban enougfa eoergy h> excito ekcfrai» from Ibc válenos lo tbc 
bral. vUibk liria *illbe abwtwl *bch iraké* «¡Uro 



42* 18, (a) ^1 = 2.27 x KT 1 m = 227 nm , in Üw uUrav»olel. 
A£ 

(b) Visible tigbl laekj enough encrgy to excite Ibe electrón* iota tbe cuntlucUon band %o visible hght pa&c* 
ihi ou^h ihe dijniiod unabiLobed- 

4c> Ixnpurüiei can Iüwct Ibe gap energy making it cawí for ibe roalecial fo abKirb abufler «avelengih viubk ligbt 
Thw altow* longer ^a>ekogth vbible nght to pom ihrough. giving Ibe cüainuad color* 

<Uft A£=^= (6 "'" 0J ' J " )Q ¿ W ' < ' tf ' , " > = Z14xl0-"j = l34xltf e V ■ha.mterf^W.fM.h 
¿ 9JlXl0-"m 

Bttttnaln ihe conducbi>n Kiod u n= =IJ0xICr ele<Uuni 

1.12cV 

42*20* \ = ¡\ V fdV 

¡M> A = (2/L) u (auurning A lo be real putitive). 
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42.21. Den*Ítyof*late: 

m = (2*1)** V „ _(2(9JlXlO~* kiO^'fl.OxlO"* m'X^OcV) 1 '^ 60x10'" J cV/ 1 
* l ' 27Í 1 " 2^(1.054x10-*^ %f 

g[E) =(9JxlO** mmcc/J) (1.60x1o- 1 * J/eVjsl.SxlÜ^flateí/eV. 

42.22. r_ = J3*7> = U7 Xltf in/í , w found in Emryk 42 9 Hw cqwpirtitiofi Ibeorcm óoe* no< hold f« Ihc 
«I the Ferrai «oosv. AJlbough theae electros are verv energetic. Ibey carmot kne ecerE>\ unlike 



cl<* trun* inafre* electrón ga* 

... hí:NTmandSrrl>: Tbe üwee^rnensiorial Schrüdinceí equMk» i* ^+^+^ l+üv = ^ 



[Bq.40^). Rir free electrón*. U =0. Evalúate ¿fy/dx*. ¿VV- and ¿>V/4r 4 for p ttigtanbyEq.{42.10). 
Pul the rcsult* inlo Eq(4020) and *ee ti Ihe euuaUon i* «anrfted 



Ar ¿ ■ £. J \ L ! \ L . 
Toiiequab A>. wiA £ = (W< — , wmchí*Eoj.<42.UX 

EVALVATK: iy given by Eo,,(41 10) b a ¿oluuon to Ecj,(40*29X *ith E a* giveo by .(42 1 1 ). 

Ib) iDEWrmr and 9D Uf: Fiad Ihc sel oí quantum maten n A . n f . andn; thal give Aé knret Ihree valuó* of 

E.Tnede^nerac> u1benuinber(>fieU *, andm, Iha* give Ibe saraeiE. 

ir 1 /»* 

EXECVTI: Qrouod leve* : lowecUeTao =ji > =n t =1 and £=__,-. No oüta oornNnabon of « 4 . n f . andn, 
give* thi* «une £*«**> the only degeneney b dw de$cncrat;y of two due ü> *püv 

1^ ««tollo* Hfl lower E w onc n equaU 2 and Ibe oUjeoeqii*! L £=(2 1 +e+l 1 J^=^. 
Tbere are Ihree difieren! «O of a p . valué* Ifaal give Ibia £: 

mí ¿«a 4 degeoecacy oí 3 «> the total aegcmracy. with Ihe factor oí 2 from *pin. u 6. 
Sccond cxvitedlcvgi ; nexl lower £*o twoof ji 4 . n t . n, cuuaJ 2 and Ibe owerequal* L 

Tbere are dilterem aeU n y . n t valueilbat give Ibis E: 

r: t = 2. n = 2+ n, = 1; it, = Z n = l* n, = 2; r ( -1 'i ■ J. r ■ J . 
Thtt»> a* f oí Ibe first exciled kveL the total degeneracy. including ipin. » 6. 

EVAll'ATI; Tbe «ivefunctkin for Ibe 3-diroeaitonaJ box i* a product of Ibe wavefuxictionti for a 1 -dimensional 
box in tbe y. and z coordínale* and Ibe eoergy i* the ¿uro of eoergie» for Ihree 1 -dirnemkmaJ boxe*. AJI lev el* 
excepl for Ibe grouiid levet bave a deseneracy peater iban fro* Compare lo Ibe 3 -dimensional botropic harmonic 
OKillalor trealed in Problem 4053* 

42.24. EqX4113>nnybe!H>lvedfor ^ = (2m£) u (L^),aod íubitioj^ 

Bq.(4114V 

42.25. la) IWNTIFV and Ser L>: Ibe eledron conlnbuoxm b> the molar heat capacily al conaiant votume of a metal ll 

w 2(5.48 eVK1.602xlO-"J/eV) 
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b) l M 1 : E; The ekctroc cwtnbulion louod in part (a) U 00233/f = 0. 194 J/rool *K. This h 
0J94/25J = 7.67x1O J = a767% oribe total C v . 

<c)OnÍyaamaUfr*ctionoí C v i* due lo tbe eJeciroo*. Mo* of C r k due lo (he vibratiooal hkxíoq oí tbe ion* 
«Jé, (a) From Bq> (42,22 X £„=-£; =K94 eV. 



42.27. IDOTITY: 1T»e probabihty b p^o by tbe Ftatá Dmc dutribütion. 

SETUP: Tbe Fcnni-DirtC ditfnbuboe* i* /(£) = it _ u lkr ^ 

EXECVTI: Wc calcúlate the valúe oí /(£X "bere £ ■ 8.520 «V. £^ = S J00 ftV, 
A = l^XlO"" J/K=8«5xlCT%V/ICaiidr=2üX = 293lCTbe re*iUia/(£) = 0.312 = 31.2*. 
EvaIVATK: Since the eoeígy ü do*e lo Ibe Fermi eoei£>. tbe p*v>bobiUty i* quite fcigh th^t ihe «tale taoccupíed 
by an electroon 

42.28. <a)SKEx*rj^4¿10:Tliepiobabüitie* ftfiS 1.7ftXl0~\ 2J7X10"* . and I 51*10 ' 

(b) The Fenui d: mil Jl JT) h íim ihe property Ihal /(£^-£) = l-/(£) (**c Probkra (42.48)). and *o 

the probabüity Ibat a tfate the too of the vaJeoce baod b «tup«d u the un» « the probabihty tbal a UMe of Ibe 
bc4loro oí (be ctmduclioi baod ii filled (thu revult dependí mi h&ving ibe leimt enerjty *n tbe ouddle tbe £ jp). 

42.29. ÜWKTirV: U*eEq.(42.17). /<£) = j^);^. Soíveíor £-*V 

SETUP; ***«=J_-1 
/<£) 

Tbe problem rfalea Ibat /(¿Ds^XlCr 4 for £ al tbe botloro of tbe raodueboo tm>J- 

EXECtTV: L_-l=1272xI0*. 

4.4x10"* 

£-£,=*rta(2.272xi(y>= (1.3307x10-* J/TH300 K)taa272xI0 l )=3,201xI0^ 0 J=0,20eV 
£,=¿ -0.20 cV; the Fenm levrl b OJO eV beiow tbe bottom of tbe conduction band. 

fcvAi-r ate : Tbe eoergy $ap beluve* tbe Fermi le*el and bottoen ol Ibe coaduction band i* large compared to 
¿ral r=300Kanda*aramk /(£) i* «nall. 

42.30. IDKKTWY: Tbe cuneo! deneod* oo tbe wltaee acrou (he diode and ib temoerdiure. w Ihe raif tance 
dependa on 

SETUPT 

M Tbc Alance * «=I= i \ . TI» espone* * ^=- « 0W5O \> = 

«" (8.625XICT 3 eV/K)(293K) 

EVAlt'ATí; Re^mdng ibe vottage cao make a considerable obange in tbe rdUtanee of a diode . 

42.31. lOCVntY Mid sct Up: Jho voluge-cunent relation ú p\yn by Eq.(42.23): / = /. ir' " -1> U« Ihe euneol for 

V=+15.0mV towheforlbeconuant/,. 

EXECtTK: <a)Rnd J t : V =+15.0x10"* V givea / =9.25xlO* J A 
eV, Q.602xlO" i CKIS.OxIfX 1 V) 
*r fl^lxlO" 41 J/KX300K) 

J J= ^¿^ = 9 ^°J >A =U77Xl<^=ll.77mA 




Molccuki jnd Cwd»ied Matice 42-7 



kT aMixW" J/KX300K) 

(b> ha* tfae »4M magmlude to«p<tU) bulnoíVÍ* ne^aCi* w U ncgaüve. 
ki kT 

V=-ISX)roV:ííl=-O.580O«Ml / = 1) = A L77 mAK^ - ™-t)=-5,lSmA 
kT 

y =-10.0 roV ; = -03867 and / = tjff m -1) = fl l .77 mAX*-"*** -1) = -3,77 raA 

EYA1VAT*; Ibera u a diiecliunal üymmetry in Ibe curarot. wiih a lonftanl-bia* voliage produciag more current 

míe magniiudr bul ibc voliage i» itnaU enou^h for ibe a*yrametrj' oot be 
toExaxnple42.ll. where more eitreme voltage* wc oowidered 
42.32. (a) Srivng Eq.(42.23) foc Che vohage a* a funclion of current. 

V=^ ta íl + ll=H: fa f^^ + l] = 0.0645V. 



* t/i J * '3,60mA 
lb>Frompart<a).lbequaníilj' t' v v = 12-1 l . w far a rever*e-bi» voltage of ibe 



12.11 

42.33* lOKVnrY; ftiring (be Uan&ition. Che molecuJe emití a p botón of ligbl baving eocígy equal lo Ibe 
diiltreate belween ihe i*o ribraüuaal íLucí ui thc mulecule. 



SnUn Toe vibrabona) eoei ny i» £. 



=H>~K>£ 



EJOXVTE: <a)The enecgv difíerence bel*een adiacent enercy Uale*b iE = ft í — . *nd thi* i* tbc 
Ibe pbolon. M> d£ = nc/A Equaüng lbe*c t*o e*prci*iucu for AzT and «olving for A* , «chave- k' = xn t j ^ J = 
V — 1 .andiwing _=^_ = _ w*h Ibe appropnate Mimbcn gives u> 



, (i«xicr 1, k í )(i65óxicr*kg) 

* = 1.67x10* fa + U56xl0^kg 



2*{3.00xlO l nV*) 



2J9xTcrñ 



= *>?7N;m 



1(1-67x10"* kg)( 1636x10"* kg) 

1 J 1 .67XHT* 1 kg + 2 656x10^ kg =1^x1^ 
2*1 977 N/m 



EvaIataTC; Tbe frcquencv i» clo*e lo, bul ool quile in. Ibe viúbk 
4234. Z=^ = _íL = 7J4xlO Ji k 5 id*. 



CUS. iDCVTirv *nd SET U Eq.(2U4) p>e* Ibe elertric ütpole roomeol M p = qd. wbece Ibe dipok voexiísU ol 
cbarge* ±q KfwaCe<l by dvitaoce d* 

<a> Poiol cbarge* 4r and »eparated by dülance rf. w 

pseJsO^xlO'" CK0J4X10"* m) = 3,8x10"** C oi 

( b (P = q j w ^£= 3Oxl0 ". Cw J i.3x»r"c 

d 0.24x10' m 
f . lJKHr*C .... 
e 1.602X10"* C 



42-S ChaprerJi 



e L602xKT"C ™" 

K\Áltxm Tbe fracboaal xicuc cturacter Tur (be bood mHIb much leu (han (he fractional icw 
(be toad m NaCI. The boad io Hl b mwüy covdküL and not vecy ionx - 

42.36. The eiectrical poleoüaJ ececey u C/ = -3J3eV. and ra— Líl=ZSXlCr ,< nv 

42J7. ,ü Im NTO1 £<Na)+£(CI) = £(Na*)+£(CT)+t/(j-), Solvíngfor ü(r) gira 
l/W«H£í»>*>-£<l«l+I«CD-«CT» 

Sin DH |£<Na* ) - £(Na)| h the kmi*ali<* cnergy of Na. (he eoersy requirad (o «ra*»* uoc electros and b 
equal (o 5. 1 «V. (£(0) - £(CT)) i» the clec(ron affra*y ofCtlbe magmUide al (be decrea» io enerjy *hen *n 
electa* u attaehed (o a oeutral Cl Mim and h equal (o 3.6 cV. 

EXECUTI: tí=-ÍléV+lfiéV=-iJ«V=-£4xIfr*I ( and =-2.4x10"* J 

4ff^ r 



f 1 ^ MAM (1.602X10"* C) 3 
r = = (8.9S8* 10* N mTC 1 )- 



(tu iuoiiatioa coergy of K = 4.3 eV; electrón alfinity of Br = 3 3 eV 

C/a-OeV+SJeVa-aSeVa-iaxlCr" J.»d -- L— s-l^xlO"* J 

4ffc. r 



— 1 íL-n-sffiMSxltfN m'VC*) 



1 602x10-*» Q' 

i^xicr" j 

-LBxlO"* m = L8nm 



EvaIataTE; K b¿ü a unaller «oai/alicc energy (bao Na and (be ekccroa aüiniñei <if Q and Br are very similar, 
so n takesleueneigy toraake K* + Br~ frora K + Br üun tomake NV+CT (rom Na+CL Tou*. (be 
sUbilixatioo dUüncc b larcer foc KBi tban fot NaCl 
42.38. Toe cnergic* cc*re*poadins lo the obrerved wavekogtt» are 3*29x10*1. 2 ¿7x10"* J. 2.47 * Iü - L J. 

2Mxt(T^Iand LÓSxlü : I The »m« mine olihe¿e eiwcoeai» 0.410x10^ J and theie are *een lo 



/A 

correspond (o tranwüon írora le\eb H. 7. 6. 5 and 4 lo the respective neii kwet leveb Theo. _= 0.410x1o" 3 ' J . 

fromwfaicb / = 2Jlx)0 JJ kg ro a . 

42.39. (a) IDEWIFY: The rolational energiei of a molecuk depend on ib rnorneot ol ¡nertia. utoich in tura óependb <in 
(be separaticci be4*ecn (he atona* tn (be znota.'uk* 

BBVH Problem 42.38 giw í=MlxHT* kg m\ /aj^r*. Calcúlate and sohe fw r. 

™™™ ^ 1.67x10^' kg + 5Jtixi<r-M lü ** 

\p¡¡¡ V 1 623x10"" kg 

EVAUTATK: Tbb u a (>pical Morak wparatiun far a diaiuinic roolecule: *ee Eumple 42 2 fot the corretfKoJing 
dbUmceforCO. 

(b) lotvnnr; Eacb ttAáUoa ll &ocn (he kvelí lo (he level f— L The rotabooa] coergie* are gi>en by Eq.(42.3). 
The (raiuiüon energy ü retated io (be phoioci ^aveknglb by &E=hc/A. 

I . \ ¡ ■ ; : : 



. 2xcl 2^2.998x10" nVs)a7lXlCT , 'kg m 1 ) 4M3xlO J m 

"sr" owsxio-j *w = — i — 



_ m ^ t „ 4<843xUrm 
Fot ¿ = 60.4 ¿/ra. / = 



„ , „_ „ 4-843x10" ro „ 

Fot ¿ = 69.0 ünU = -3 — =7. 

^ 69 0x10* m 

„ + Mt , 4¿43xl0-*m . 
Fot J=a04/DM=— -— — =6. 

80.4xl(r ro 

« * ™ - . 4-S43X1CT 4 ro _ 
Fot ¿ = 96.4i/ra,/ = 3 — =5. 

96.4x10" m 

Fot á = l20.4ímU = 3 — =4. 

120.4x10"* m 

EvAlA'ATK; lo cacti ca#? íúui rotcgef» ¡1* il rouvt be, 

U-» Identiit aadSCT Up: Longos! 4 irop^i sroalksl . aad Üm 1* for Ihe tianwboo Irora / = ] to / = & 

■ 4S=I|=ll=0)?^S^Í="»xIff-| 



/J 2.71X10* kgm* 

4 .*L.<«^Klff*J.«2.W«KlOP«>»). 41SKlg< m = 4í5wm 
Ai 4099xl<T n J 



EVAiVATt: Tnw ü looger ihan any wavtkngro* in pin <b). 

(d) iOtvnrY: Wbitf . 1 . ■ 1 . . ■ ^ ( Üw reduced mu* oí Ihe rookcuk. 

SETUP: Tbctrd»Uion««rgyii AE=^yj má "=y- «> * = ^ <P*rt(WV *o ^ 

proportioroilto Á<HCXi = so ^Pa^HC!) 1 "^ 

^ »*(HCi) «.(DCl) m,(HQ) 

EXECTTC; The nuu ol 4 deulerium atom 11 approxiautely Iwke roe roa** of a hydf opea 

1^ = 3.34x10-"^ 



f = 8 -» f = 7;Á = (60.4 pm)( L946) = 1 1 
/ = ?-»; = 6t¿ = (69.0 ^roXK946)-l34 ¿nn 
f = 6-*; = 5:¿ =(80.4^X1946) = 156 /íro 
í=5-^í=4M = (96,4^KU94ó) = 1S8oti 
1=4 -*i = 3;^=02O^ íftnX1.946>=234^ni 

EyautaTE: The momeol of roer** rocre»e* wbeo H u rcpUccd by D t so roe tranaitioo eoeipe* 
roe wavefeagth* rocíele. Tbc Urger roe rotolkxul merUa roe wnaBer roe rotaUwal eDeigy fot a gira / (Bq.42J). 

42.40. Froro ihe reuiltof Probkm 42,11. roe mí>meDt mertia oftbc awlec^c u J =— =-^=6,43x10"** k« ro 1 and 

d£ 4r c 

froro Eq (42.6) roe 5epj«tÍ«iU r 0 =^Z=0.193 ron. 

42.41. <■) ^ r '^n ¿ =o (f =0).4od tbecv b mi aAütional multipbcatíve factor oí 2/+ l 

*Ule roeré «re rcally (2/ + 1) m, «taU» * >lh roe «me eoefgy. So = (2/ + ljf^*^ . 
(b) r =300 K./ = 1.449x10"* kg *m a . 

s¿\ p J»'(l)<] + » ^tflyifr*! 1 7.67x10^1 _ n/11 „ 

(2J+I)=3,w^=0k-***=2.95. 



4M# Clupttr42 



(ü> fl'(2)(2+l) -O0556 

kT ~ 2(1.449x10*11$ ra J )(1 .38x10-* J K) (300 K) * * 

(2/+l)=5.*o 5^=(5Xr HWK *)=4.73. 

<l» 5=i= V<ioxio+i) =im 

kT 2(L449xlCr J *kg*m a Jfl J8X1IT" J KJÍ300K) 

(2/ + l)=2L*o 2st=(21Jfc- ,rt )=7.5X 

íiv) £-» = A (20X20+1) =1B. 

AT 2a449xlCr**ig*m a )aJ8xlO^J K){300K) 

(2J+i)=41.so 5-»=(41V"" í =0^3S, 

(vl A a (50)(SO + l) = 

W *T 20.449x10* ks ♦m i X1.3SxlCT i, J KX3O0K> 

(2J+t)=]01.ao =(101)*""* = 5.69x1 0" - . 

<c) There i* 4 competió^ effM betweeo the (2/ + 1 ) tetm a»d Ihe dec*yuig exponeotul Tbt 21 + 1 tcnn dommule* 
for vmall /. while the axponcntiú tena doinirme* for Ur$e f. 
42.42. <i) / íü = 1.449*10-*^ -tif. 

*■* 2/ 2<iwxicr ,, kg'di i j *•* 



A£= 7,67x1o* 11 J = 4.79X10^ *V. 

^^ = (6.63xl 0 - J .,>(3O0x l Q- m ..,, a2S9|(1(rJm= ^ 
A£ (7.67x10^ J> 



(b)Lrt'* compra Ihe valué of ¿rwheo 7=20 Kto Ibat oí A£ for the / = l — */=0 

JJ = flJ8xlO^J/K) (20 10=2.76x10"^. 

AE=7.67xltr* J(&OTnpmi(a».So* r =3.60. 

ÓB 

Therefore. ilthougfa 7 ú qurte sanalL tbere i* atill pleoly of enecgy to excite CO molecuka mío thc ftnt roürtional 
leve!. Thu allowi utroiranent lo detect the 2.59 mro wavetengib radution íroro »uch molecular doutb. 

42.43. IDC-OITY i SETUP: £;=/('+ /2/. w> ^ andthc tnuwüion eoecgy ¿£ depeod on l Wíeceot üotopic 

molecule* bave difieren* l 

«Sfc+ma 3.8176X1CT* kg+SJOóSxHT 4 * k¿ 
/ = (2J03XICT» kgM0¿3ólXlCr* ra) 1 =1.284X10-** kg m J 

t = 2-»J = 1 iranmioQ 

f = i — »f = 0 trombón 

AE=^-^ = (2-0)^J=y=ía-734XI0^J)=8.67xl(T** J 

, he (6.626X10" 14 J >K2.998xlO , ra/*> ^ M 
A = ^— = i j =2.291 cm 

AE 8.67X10"* J 

/ =dtr í = (2J54xlO- M kgH0236!XlO-' nf=l J 12x10* kg m* 



Molcculra jad nina—ni Matier 42*11 



/ = 2-W=l 



/ 1.312x10"* kg-ar 
^ = A L= (6.626xl ) r'-J.,H2W6x IO -^) =1|71>;lff o „ = , ,„ 
A£ 1 . 697x10-* J 

¿£ = ^. = 1(1.697X10-* J) = 8.485XlO-* J 

Ac. (6.626X10^ J ^998X10' ^> .,^ Tfrn 
AE 8 «WSxlO - ^ J 



Ihe diííereíweií in me uraktxglhi tur Ibe two ikjIpjx:* are: 
/ = 2 ^ J = l trralra: U7 1 cm - M46 ra = 0.025 an 
f=l->f=Otraniiüoo: 2.34 1 cm - 2.291 era = 0.050 era 

Evalúate: Rtplacuu; H Cl by 11 Cl merece* A dieran A£ and ñimwc* A T* effecl oo 4 e*radlbui 



42.44. TlwvÍbTMionÜ^ueocyb f froraEii + (42.8). /==■ =1,12x10"^ TTwfüew 
*'=<2.t/)\di ( =777 N/m. 

= lflXr54xl0"» J*»l 0 <576 V° =4.3SxKr*J=0374cV. 



2 ' VlOTXlO-^kí 



Thii i* nuxh le« iban ihe H 2 bood enefgy. 

(a) Tbe frequeney ii prcportioaaJ fo tb- reciproca! tí me iquare root of tbc rcducod maw t aod ra Ierras ul ibe 
rae frequeney oí (be iwlope with tbe daileñura alora U 



Utrag / 3 fnxn Exento 42 J 3 aad tbe pv*n ra****. / = 8«xl0 ,) 

i 2 . \ 1 . lOCynrY «vi SET UPt Um Eq.(42.6> to calcúlale /. Ihe enen¡> le veU a» ¿fren by Eq.{419>. Toe 
A/; Í»nbtedwÜwpbiJtoa«^\vleiwlbby A£=Ac/A 



team. u,^=J^ = £ÍIIlCMiil^^ =l . 6S 7K t o- kl! 

mn + ^ 1.67X10- 17 k-j-^.llXlO"* kg 
Jsrii^* = (1.657x10"* IcgXO. 160x10"* m) a =4.24x10"* k$ m a 

lt>Tbee*e*gylevel*w ^s/ff+ü^J+fr+iw^ (Eq.(42.9)> 

= 2*/ *> £ =/«+!) _ 
1 m ¿/ 

£1) Iramitkra « = l-*n=0. í =] -*l =0 



AE=(2-0)t 



+ (l+<-^ = y+V 



A£=* «o ¿ = -íl= = í 

Jk _ 1.055x10"* J * _,<y» v trfitfa 

». * - 2.9Wxltfm» 
(A/2*/)+/ 3,960x1o 11 to+tWxT" 



42-12 ChaptrrOi 



(ü) truwtiwi n = l->n=0. f = 2-*J = l 

,_ e 2.998x10* raí* -aMt 1Jra 

" 2(V2*J>+ / ~ 2<3.960x1ff 1 Hrt+6.«XHr H* " ^ 
(ill) iraullion a = 2-««i = L í = 2 — • / = 3 

AE=t6-12)(ílj+V=-^-'«/ 

A= < = 2-998XIO- n* „ 

-3(rt/2*/) + / -30.960x10" Hx)+6MxlO" Hz 

EvaIATATC: Tbc \ita*icmal cncrgy cbaoge fot Ibc « =1 — * it = 0 trarutitioo U me «ene aa for tbe m = 2-*m = 1 
trauítioci. The rotaüoaal eoogies are roucb unaller (han tbe vibratiocud coergic*» w me «-avclenglb* 
tmnticn dco'l differ roudi. 

Tbe * ra oJlbe probaba 



42. 4V. Since pttaisiuin ú i metal wc 



2a 



*» MPXlCT'kg 

42.50. iDKVIirY; Tbe ueüy dHYerencc belweeo Ibc lwo iwtope* ll tbru mu^ *bich alTect the» reduccd ^ and 



SETÜPt The rotacional cncrgy «tale* are given by £ = ((/ + !)— and Ihe reduccd ratu i* giveo by m, = 
Wimrfuti +mi). 

EXECtT*: (a) IT we cali itt Ibc mu* uf Ibc H-atonx Ibc masa uf Ibc deuteriuro a*om i* 2m and Ibc reduccd 

H : (bydrogeo); ik¿H) = «m*« + m) = mí2 
D t (dmitcriuru); m£D) = (2mX2mV(2m + 2m> = m 
üüng /= if*r*\ tbc raonwnfci oí ioettia are /* = mrjfl mkJ / D = mn>\ Tbe lacio oí tbe rotacional cncrpei üttaen 

/(;+i>(a j /2^) /„ *¿ 



_ 

* #t+ 



Ib) Tbc ritió of ü* vibralional cnerg»» i* — = " W = p^ = J— = j2. 

r + 2)^SÍ(DJ 

EVAtiATE: Tbc ekttrical frece i% Ibc utroc fr* both molccuki sioce both H aod D ba^e tbc «ame cbarge* w ti U 
rcaaocublc thai tbc frece constaoi would be Ibc same for both oí *_hc :n. 
41.51. 1 1 ■: m J ■', and Set UPt Un Ibe ue*cnptkm oí Ibc bec larocc m Rg.42J2c m tbc tealbook to calcúlale Ibc 
nurobcT oí alora* per unit ceU and Otea ibc purobcr of atoen* per unit >ulumc. 

EXECXTt: (a> Each uoitccU ha* ooe aüxn H tU cenlec »d 8 alocm a< comeo Ibtfl are eacb Oiarcd by S 
uml ccIR So Ibere «e 1+8/8 = 2 aton» peí unil ccIL 

-= 1^ r = 4.66X10* alandro 1 

V (0J5X1IT* m) 1 



mlbbeiiuabooMVialbc numberof üec cleclruo* per m\ Bul thc problcro 4a>^ to 4Murw one írce electrón per 
lloro. »o tbbiülbc tamca*Jt/Vcalculatcdmparl<á>. 
m=9.l09xl(T il fcg (tíjcefcctrotima**).» ^ = 7J63xlO^ J = 4,7 eV 

tTAUUn Our revult fot metallic lithium b nmilar lo mal catcalatcd for cuppcr m Examplc 42.8, 



io(/ M =^lj-i+¿L Alr=^ £/„, =--JfL=-126xlCr ,< J =-7.85eV. 



4b) To iwnove a Na CT bu pan from Ibe cr>ual require* 785 eV. Wheo neulral Na and Cl 
from Ibe Na* and CP alora* therc b * net relea» of eoergy -5-14 c V + 3.6 1 e V = - L53 e V. *> te nel enere) 
reouired to reraove a neutra) Sa. CI pmr írorn Ibe crvvtal k 7 85 eV -1J3 eV - 6.32 «V. 



42.53. (a) I ] J tfl : I v and Srr l>: p = -- Relate £„ lo and evalúate (be denvanve. 
<b> NfV =8.45x10" m~* 




EVAU'AH; Normal atnraphcric pícame ll about l(r Pa. so theae prewurea are eatrerndy large Ib? 
are beld in the melal by Ibe ataactive forte exerled oo uVra by copra tona. 



3 A W'rV' de 
42.54. (a) Frwn Probtero 42J3. p= I — ¡ . B = -V^L.=-V 



J 5m \r )\ 3 



(b) —=8.45X10*11^. g-|-^^^^xM^lQ^g63Sxltf'Pl 

, , 633x10" Pa - 
1.4x10" Pa 

vr (¡ooSFFV; íoo^a 7 300^ 

lb> fll^iL—^--. =5.06x10^, Sino- the rea) concencration ekctroai ra coppa i* Je** iban ora: oart io lO^oflhe 
1.67x10" ra"* 

cimcenlraüon where rclativjtfic effecU are inaxrtanL tt u *afe to ignore rcUivirac effecU far raoti apr&catkav 

tclTnenranbe* oí electrón* >* J^^Stt.dtfKltfl^^n^^k 

1.99x10"* fcg 

WjMñ 

K J.T<6.00X10' ra)* 

(d) Comparing Ibi* to the reaull írorn parí <a) 6-66x1 j"!"]! =400 *o rtlativirfic cííecU will be very iraportaoL 



iDtvnrV; Tbe curren! tbrougn the diode a relatod to the voltage aero** it 
SETUP: lbc cunetf Ibrough Ihe raooe i* givenby/ = /j 1). 

EXECUTl: (a) Tbe aurtnt Ibrougb tne reu*tor i* (35.0 vyí] 25 il ) = 0.280 A = 2S0 mA. wbich ll alao tbe 
cwrrenl tniougb the diode. Thi* curren! i» givenby/ = i ' pvinj 280 mA = 0.623 roAiy lw - l)and 1 + 

mm-w.^-. M ,».v.r.>»^. r.'^l 1 * 11 ^"'*". 

0.154 V 

(b) R = V/r = (0. 1 54 VW.280 A) = 0.551 ü 

K\ alí ate: Al a áiíícnai ^x>itage. Ibe d*xfc wtxdd ba^ dUlereot 



42-14 < 2ij]itu il 



r 4* s (</ r r+é r-é r d) T^. r d r+d r-d 



Bai 



L ] 



r+d r-d r 



-Vil d 1 -2p' 2p' 

I + — ^ — ■ — 

4tíU La r 4x**r 4^<«d 



L 1 



'-2 2 2 2*" 1 



4*<»*7 4ir^lfl r r+rf r-J r él 4¡t^{ é r r r* 



i r 



U wf ignore Ibr poleotU) coagy mvolvcd in iuraung e»b individual molécula whwh Just invof ve« a dillcitnl 
cfatncf fut Ihe «iu lí pMauidl cneruy. Iben Ihe juméis are 



lb)V = 



4c<,r' 



Ib: tatú aclwa u aUractive 



IV inte ü-Hun is repulu vv*. 



1.23x10"" J=0.77eV, where (m/2) b** b«n uwi fur thc raluccd mas*. 

Ib) "Ibe reduced ra»* i% doublcd. »d tbe enere v i» reducid by a factor of V2 to 034 eV. 



43 



Nuclear Physics 



43 J. (a) ¿Si ha* 14 protón* and 14 neutrón* 

<b) ^Rbb^37 F*olo«*and4$ 

(t) ¿*H bu SI piolo» and 124 
43J. 4i)U*mg je = fl.2ünM l \ fe ra&i areroughly 3.6fm, 5 3 fia and 7.1 ta. 

<b>U«ng 4^forcKfaof1bei^mptt1(a> 4 Ü»af^aw 163 im',353 fro' and 633 ta 1 . 

<t) iffff'give* 195 &n\ 624 ta 1 ud 1499 ta 1 . 



íd) Ib* denwty U the same, «nee (he volume and the ñau are bolb r*oportional id A: 2.3X1CT kg/m 1 <m 
B*ampIe43J). 

fc)Diridnglbere**ofr^^ 

lotvnrv: Calcúlate me ton raagnelic eoergy *mfl for eacb apñ Iota oí (he U level. Calcúlale me energy 
gphrting between lhe*e trate* and reíale Um lo me Irequeocy ol me pboton*. 

Set Up: Wben the spin componen! i* parallel (o me fieM Ibe mlecaetion eoergy hU = -p r 8. Whe© Ibe ipin 
conponera a antiparalle) lo the Má the interactkm eoergy i* U = +p t B > Tbe IrroHkm eoergy for a tranaliuo 
t«o rialea i* A£ = 2//.B . wbere //. = 2.7928/^ Tbe tranwüon energy U relaled lo me pbofcm 
A£=y.*o 2//,r?=y. 

T , V , (6.626XlO^J^M22.7XlO t rfa:) , 1>5 ^ T 
~ 2/1, 2(27928)(5 051x10^ J/T) 
EYAIAMTE: Thb magnetk* liekl U eajoly achievable* Fbotoai oí tfca* Irequency tuve v» ave le ngth 
^ = df = 1 3.2 n* lbeie are radio >avea t 

<U (a) As n Eaanpto 43.2. ¿£ = 2(1.9130X3.15245x10"' cV*TX2J0T) a 2.77x10* eV. Snce /land 5 aren 

oppu-áie dtrectkma for a neutrón, Ibe anüparallel configuraron is lower energy. Hw repulí i\ snaller toan bul 
comparable lo ^hí^l I ound m the eaample fcir pJOlflÉDV 

<b) /=^=66.9MHt X=j=4Mm. 

43.5. iDExnrv: Calculare the «pin raagnetic eoergy übifl for eacb spñ compone ol. Caloñare ibe energy iplrttng 
belweeo Ihcte Atate» and relate th» to úxc freejueney oí Ihe photoo*. 
i' l l p: Rom Eumple 43,2. when the ^conpooecil oí 5 (andjj) U parallel H> B t U = -\fi t lfl = 
-2.7928/1,1?. Wben Ihe r-componeot of S (and 0 » anüparallel lo B . U=-|¿í t l a =+17928^5. The 

wich ihe pro4oo ¿pin conrxmeot parallel lo Ibe íield lies lower n eoergy. Ibe energy (faííerence bctweea lbe*e 

U ¿£=2(2.7928// 0). 



FwnTt . K*-U Xl™*fO* - 2tt.792tX3.QSixlO* «OQg T) 

* " A " h 6¿26xlCT" J 1 

/=7.03xl0* Hi=7.03MHz 

Andlbr n ^=l= 2W8X ^^ = 4.26n 
/ 7.Ü3X10 7 Hx 

EyautaTK; Rom Hgure 32.4 in me leatbook. tbeie are radio 



43. 1 



4M Cluptrr 43 



ti) Ser Ur: ftofnEq*. (2X27) and (41.22) and F»g.4U4 » the tealboo*. the *Uto 
(íparaUelto b» kiwcr cacrgy, But. *inc* the charge oí *e ekOron u negtfta. thi* u the rtate w*h tbc 

lo ÜTThat i*, lor the >v=— 4 tfale he* lower in energy. 



EXECTT1: Fbr tbc w = +¿ tfate.ü = +<2.00232)f— 1 í+- la = +i(2.00232)t — Iff = +¿(2.00232)11- a 

12«J l 2} \2m) 

fiw Ibe = -\ Oalc. £/ = - j< 100232)^5 Ibe cnergy ikiTerence bctwccn (hete i*o tute* i* 

¿£=(2.00232)^0. 

¿ E=y*o/=^= 2 ^ 2 **^^ 

A A 6.626x10 J*l 

_ c 2.998x10* mf% é _ . 
' < = 7 = *62x l tf'H, =649Xl ^ m = M9mm 

EVAit'ATI; Frora Rgurc 32.4 in Ibe leatbook. theae are ratcrott-ivea. Ik irrferaction coergy with Ibe magnetic 
5cldbinvenelypropüftiuoal to Ihe mguof the panick* M tt blm fur Che protón tfcon for the elevtron. The 
snuükr tranaition encrgy fur The prolon produce» a larger wavelengih. 

43.6. (i) 146^+9211^-11^ = L93u 

(b> 1.80x10* MeV 

<c> 7.56MeVpee nucleón (u=ring 931 J MeVAi and 238 nucleón*). 

43.7. lDKKHfY and SBJ ÜPt Ibe text calcúlate» Ibat Ihe binding encegj of Ihe debieron U 2.224 MeV. A pholon Chat 
brcak* tbc deuteron up mío a pro Ion and a neutrón rau*t ha ve al lean ihb tnuefa cnergy. 

^(4. 1 36xl0-cV,K2.99 8 Kl0'^) =5J7Sxlcrl , [||=O5S7 
2.224xlCT cV 



EVAiX'ATt; Thi* phuton toa giroma-ra) *av 
4M. iDKVnnr: Ibe binding cnergy of rhe núcleo» b Ibe coergy oí it* cowlituent partiele* rninu* Ihe energy of tbc 
carbón- 1 2 nucleu*. 

Skrlh in lermi of Ihe ******* ol tbc parbele* in volved, Ibe buxhng cnergy i* 

EXECVTl: <*>Uwn$ the valué* frorn T*fe4*Zwefit 

£ ft = I6(1.007S25u) + 6ÍL0C«n65u)- 12.000000 u)K931.5MeVAi) = 92.1ÓMeV 

(b) Ihe bindmg enei gv per nucleón i* (92.16 MeVtfl2 nuckow) - 7.680 MeV/nucleon 
<c>Thee«rgyoflhcC-l2 nucteu* i* (110000 u)(931.5 MeV/u) = 1117* MeV. Therefore Che pocen! oí Che 
92-16 MeV 

Ibat b binding eneigv b — ■ =0.8245%. 

11 178 MeV 

EVAJAMTC: The binding ener gy of 92.1 6 MeV btndi 12 nucfcon>. The binding cnergy per nucleón, ratber Chan 
jusl tbc Mal binding cnergy, U a better indicaior oí Ihe «rength wiih wbich a nucleu* i* bound. 
i í ' • [ i i : m J . : Contención of cnergy lelbi ui that Ihe initial energy (nfaolon plu» deuteron) i% equal lo Ibe cncrgy 

AÍXa Ihe iplil i ttnciic cnergy plu* energy of tbc protón and neutrón). Therefore Ihe kincüc energy releajtcd U equal 
to tbc cnef ¡¡y oí ihe pboton niinus the binding encrgy of Ihe deuteroci. 

SV1UK "ibe bcidios cncegy of a oculeron ií 2,224 MeV *nd tbc cnetjry oí Ihe pholon i* £ = hc/X Kinctic 
cnergybA^=^n^. 

EXECVTI: (m> Ibe encrgy of the pnolon i* 

ftc (6.62ÓXlCr > *J *)(3.00xlO J n» 1 *) 

E-=— = 1 i-n Í=5.68X10-'*J. 

^ ^ 330x10 n m 

The binding oi Che deuteron b £» = 1224 MeV - 3 MxW 41 J . Therefore the kineUc energy 
i*JC = (5A8-3«>X10" I *J = 2.12X 10"°J=U2MeV. 

(b) The particlet. ibare Ihe cnergy eouallv* m> each veta half. Solbing ihe kmeüc encrgy for vpvc* 



m líl.ónOSxIO"* 7 kft 



EVAlt ATK; CotHiuVrable cnergy ha* been releed, beemue rhe narucle *pecd* are in the ^xmitv of the irxcd of bghi 
ü.» <■) 7<^ + * S( )-n St =0.il2u, wfaich b 105 MeV, or 7.48 MeV peí nucleón. 

(b)Simüarly. 2( % +mj-m m =a03038u = 28.3 MeV. or 7.07 MeV per nucleón, aiigbtly k. *er (cornpare lo 

figure 43.2 in the tetfbookV 
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43.11. WlDBmnr: Rnd me eoerej eg.uivakot of Ibe ma 

SETUP: A ',1, aturaba* 5 prolw». 11-5=6 neutro»*. md 5 electro». Tne maw defect Iherclore i* 

AM = Srn^ + + Siw. - M ( 'JB). 

EXECUTI: AM = 5(1 .0072765 u)+ 6(1.0086649 u)+ 5(0.0005485799 u)-11.009305 u =0.08181 Tr*e eneigy 
equivaieni >* fc; =(0.0*181 u>(931,5 MeV/u>=76.21 McV. 

(b) iDtvriFY and SET UP: Gq.(*Íll> £, ^A-C^A" -C¿{Z-\)tA™ -C¿A-m* fA 
TTwnnhlOT»wrownceZi*«WNil ^bevcü A = UandZ=5. 

é; =05.75 McV)(U)-07.80 MeVHU) w -(0.7100MeV)5<4yil w *-(23.69McVxn-10) i VU. 
+173.25 MeV-88,04 MeV-6J8 MeV-2.15 MoV = 76.68 MeV 

IbecdcuJ^d-admc^df h ™¿» McV -76.21 McV 

^ 76-21 McV 



EVAum Bq.<43, 1 1> ha* a grealer perceotagc Kcuwy for ''Ni Ibe ¿etm^mp-jical roa: 
accurate fur hea>ier nuclei. 

43.12. <a) 34*^ + 29)*,,-»^ =34(L008665>u+29(lXMJ7825) ü -62,929601 u =0^92 Uv whjch b 551 McV. 
ce 8.75 McV per nucleón (uiing 93 1 .5 MeV/u M d 63 nuclroos). 

(b) In Eq.(43. 1 1). Z = 29 and N = 34. vo (he film Ierro U /ero Tne predieled binding cner^y i» 
= 05.75 ntoVH63)-OX80MeVXÓ3)*-^^ 



A t = 556 MeV . Ibe liíLit ierro i* reto Minee ibe numbcr of neuiruna U eveo *túk roe nurober o) protun* i* odd 

makmg roe pairing Ierro rero. Tro* repulí dif fer? (rom Ibe binding eoergy found frora roe roa** déficit by 0.86%. a 
ver y good agrecrneol comparable lo Ihal found in Eaamp&e 43.4. 

43.13. iDKVTirv in cach c*w determine how (he decay cbange» Á and Z of roe núcleos. Tne ff* máfi~ partxle* have 

ehwpebuiroeirnuekonnurobeei* A=0. 

(a) Sari»: a -deca>: Z increa*e* by 2. A = rV + Z deerea*e* by 4 (an a paitarle i* a JHe nucleu*) 
EXEOJTT: ^Pu-frJlk + ^U 

(bí SETUP; fí~ decay: Z increa*e* by L A = rV+Z rcanain* ihe tana (a f$~ panick i* an electrón. ,*c) 
EXECVTl: ^Na^^e+SMg 

<c) SETUP /rdeea>-Zdecrea*e*by L ¿ = N+Z rcenainit roe *amc (a 0* particle b a positrón, £t) 

EvautaTE : ln cach ea*c roe total charge and tcMnl oumber of nucleón* tor Che docay product* cqual* the charge 
and number oí nucleuna ft* (be paren! nucleu*¡ lhc*e t^o cfuantroe* are eoo>*cr>cd in roe (hxay. 

43.14. (■) Tne energy rekawd b roe energ> equi^-alenl ol ^ - m, - m t = 8.40x10-* o. or 783 keV. 

0>) r\ >m f . and the decay b not pútalnk 

43.15. iDtvnrV; The energy of Ibe rteton rouM be e<jual lo roe difíeienee in ener^y of roe lwo nucktf energy le^eU 
SETUP: Tne cnergy difference wi£ = hc/X 

Eam¡ ^ = ^j6.626KlCr"j-,)(300. 1 Q' a ., )=go|sxi)r> , j = ooso|htov 

^ 0.024SX1CTJ 
EvautaTE; Since (he wavelength or Un* (4kHqd u jnueA ibocler tnan the wavelengllu of ^iub4e ligbl ÍU ener^y 
lk roucb greater than vuible-li}chr pfauluns «hicb are Irequently erniiled duríng eketrec iraruiuon» in alurm. Thi* 
teUi u* thailhe energy ditterence bei*een the nuclear abclU U mttch greater roao the enerar difference belween 
electrón sbetli in atornx + rneaning tbat nuclear cnerpes are imhcA ¿reater than roe enerpe* oT cetaling ekctrten. 

43.16. lD£vnFV; The energy releaied ikequal to roe mam dsfact oí (he iniUal and final nuclei. 

Su t >: Tbe mau defecl U equal to roe duTeretxe between me intbal and Jtnal ma*se* c4 roe con?tiiueni particlei. 
EXCCVTE: (a> Tne roa** defecl i» 238.05078S u - 234M3601 u - 4.002603 D =0.004584 & Ibe energy relea^ed 
Ú (0.0CW584 uK931 3 McV/u)= 4,270 MeV. 

(b> Tale (he ratio of the (v,o kineüc enec$iea. wing roe fact roal K = 

Pía 



T r> - ^m^ = «¿ _ 4 
"2" av"»4 
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The ki:x*ic energyoftbeTDi* 
SoIvídl 1 for v in the kineüc coersry give* 



\ » ll(234.04360l){]. 6605x10"* kg) 

l ■ iii atf: Ai we can ice by Ibe raboof kinetJc enerpes in pan (b) . ibe alph a particle *ill ha\e a mucb higher 
kineüc cnergy iban Ihc Uwrium 

43*17, lí fi~ decay of **CU posible, tben we are «msiderin$ ibe d^y "C-* 

Am = (14.003242 u - 6(0.000349 o)) - (14.003074 u - 7(0400549 u» - 0.0005491 u 
¿«=+1.08x10^11. SoE=fl^^ 
43*18* (i) A protón chatum lo a neutrón. *> Ihe cnmied pmick i» a po»lron (£*). 

4b) Tbe number oí nuc León* m Ibc nuctau decrca*e¿ b> 4 and ibe number ol protom by 2. so the emiUed parücle u 



<c> A rabón cbange* lo 1 protón. » Ibe emitted particle i. an electrón </T X 
43.1* <É)A*inlhecx^k.(0 00089SuH931J MeV/u)= 0.836 MeV. 

ib) 0.836 MeV-0.l22MeV-0.014MeV=0.700MeV. 
43*20* (a) £ Sr -* ^ + *X , X b*s 39 protons and 90 protón* pluv neutra, so it rautf be "V. 

<b> U« base 2 becausc ue know tbchalfUfe. A = j%2~**" an J 0.0M, = \2~^ 4 - 

JljlogOXPl <28yr>loa0.0i 
f =-— =- =190 yr . 

fa2 

43*21* lOKVrmr and SfcT UPt 7^ a =— - Tne ma*s ol a *tn$le nucteu* i* 124^ = 2.07x10 kg . 
|dJV/dl| =0.350 Ci = 1.30x10" Bq : |iv , = XN 

EXE^H: * = 6 I3X '°> =2.96X10"; ¿ = ^= 1 ^ g = 4.39x1*" 
107X10"" kg 196x10 a 

i; íi = Í5l = 1.58xl0 J1 *=5.01xl0 J >T 



43*22* Note Ibat Bq.<43J7>can be written ai íoüows: W = NjT**. Tne araount ol ebpsed lime We Ibe wun 

BroughlyU w*».Tnu». we expect Ihe curren! acüvity to be ^=(5CO0a>2^" ,l * üi,lw = 3600a. Tne 



source i* barely mable. Alteruaüvcly. we could calcúlate ^ = lü^l = 0. 1 32(year*)~ l and me Ibe Eq. 43, 1 7 directly 
f o obtain Ibe unte answec. 

iDtvnnr and *SO Un A* dmus*ed in Sccüon 43.4, Ibe acüvity ¿ = }¿tf/<fr|obc>*lbenn 
Bq. (43.17): A = V~* .Fot ^C. = 5730 y and A = Wl/T m *oA = V^^'^^ulaleAaieactat- 
^lSO.OdecajWinin. 

■BCDBI <*)l = 1000y 1 A = 159decay 1 /i«n 
4b> r=5aO0OyM=O.43cto>%tan 

EYAlVATt;: Tbe time in parí (b) i* 8.73 hall -li vea. so ibe decay rale ha» decreaied by a factor or 
43*24. lotvnrv and S : i i r- The decay rale decrcase» by a factor oí 2 in a tune of one talf-life. 
KBOfBl (•)24d»37««>lheactiviiyb (375 Bq)A2*) = 46.9 Bq 

<b> The activüy u proporUooa] to Ihe mitnbec of raditxicbve nucki. so the percent b 1L2-^L=362^ 



10 £'I e+ "SXe loe nucleus ^Xe ia 
fcvAi.r ate : Botb Ibe acüvity and Ibe number of radioacti^ noclei prctenl decrease by a factor of 2 m one halí- 
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43.25. <«¡H->> + ¡lfa 

4b) N = N^'.N = CUOOA'a and a = (ki 2) *7¡ . 



43.26. (a) ^ = 500/iO=<500xlO^K3.70xlCF rt ^)=IJ5xl0 7 d^a></i 

!£2 =6.69x1**.. 

1 T w 12*86.400» d) 

™=2.77xlO"n l xWxa3]Xl.6óxl0^k £ /micfcia)=6.0xlCr»'k í =6.0xlCr'g = 60n5 

-i 6.69X10"»-' 186.400»; ' 

43.27. A=V"*=V***". -2S2l=to(A/A). 

_ (ta» _ (ta 2X4.00 dgti J __ 

43A ^-=AN. Í=^=__J21__ = I J6X10-'.-'. 
dt r, 1620 >r (3.15X10' *tyt) 



— = ^ = <1665xl0 to Xl36xlO^ 1 *^í=3.62xl0 w <kc*y»íí = 3«XlO lo Bq 



Como 



wQ;3Wx ^^l.3l6^!= a98Ci 



43.29. iDCvnrv and SET U Calcúlale thc nuroba »V oí W C atoro* in ibe ¿ampie and roen uw Bq. (43. 17) lo fiad lh* 
de«yconrfan< A E*<43JS)fctngms 

EXECUTK: ñod ibe total numba of ctfboo atoras m Iht: **ro$yc. 
n=m/M t 

N m =nN A =mN A /M =(110x10^ ^6022x10° atcWroolVíl^OllxlCr 1 kg/rooi) 

N M =6.016x10* atoros. w(lJxlO~ ^ )(6.0l6xl0 11 ) = 7.í2xlO ,, catboo- 14 atoro* 
áN/At = -180 decd^roin = -3.00 decaj*/» 

áN/át = -W; = ~ ¿V/Af =3.836xKr 11 í" 1 

l¡ rt = (b 2)/¿ = 1.807x10" » = 5730 y 

EvaH'AH; Ibc valué we cakulaled agrce* with Ifae valué pwa in Secboa 43.4. 

36Qxl ° idec * yf =4.17xlQ 1 BQ=1.13xlCr ? a=0.113^Cl 
86.400 1 



n- 1 



=7.56x10" Bq=7J6xlO"de«w;*. ¿=2^2* = =3.75x10^*"' 

T tí <3a8nüa)(60*.n¿n) 
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TliesiuiiiberiífoüVlca Wlallcronchalf -Lile " ^sl.OlXlG*' DCU, aod (be activily U búf; 



^|=3.78xlO* l ilecayK/v 



(c> AOer ihree balf titee (92,4 mimiU») Ibcreban cigbth oí tbe original amoral w = 153xltf 4 
cigbthtfUwartivity: ¡ * (=9.45x10" decayi/t. 

43.32. The activily of tbe «inplcb * = 102Bq/kg. «tiUc ^ acüvhy of almotpbcnccvboci b 

(60 ¿ce m») (0.300 kg) 

255 Bq/kg (mEua^43.9). Tbea^ofÚieAÉiQpleittbcci / = -Í^ll^i^Í=-Í^^^5=7573y. 



and SETUP: Pmd Irom ibe bdf-ble and Ibe numbei tfoí noclei fromtbemawoí 
tbe nra oí (be ampie. Then uw Eq.(43.l6) to calcúlate tdNfdt I. Lbe nomber of deca>* per 
EXECtTC (a>ldtf/dfr=¿tf 

0.693 =L7l5xW^ 

T Wi Q2&XW yX3.156xltf tfl y) 

The roajuof - K alom b approünulelv 40 w Ibe numberof 41 K nuclei m ihe samplc b 
40 u 41X1.66054x10^ kg) 



IJ^/JrNW = (IJl5xl<r l, ^K2.454xl0 I *J=O.42lóe«>V* 
ib) loW/drr=(0.42l cto>V*Xl C«M0xHr decay^J^l.UxlO-" Ci 

■VAUUBi Tbe very mmII sampk itill conuan* a >*cy Urge number oí nuclei But Ibe ball Ufe b very largc, w 
Uw decay rate b unal). 

43.34. <a)rOT = radxRBE2C0 = tflO>and.( = 2Orad 

(b> 1 rad depowb 0010 J/kg * w 20 rad depon! 0.20 J/kg - Tfcb radution aífecb 25 g (0X125 kg) oí (bwe. vo Ibe 

nxal eoagyb (0.025 kg)(0¿OJ/kg>=5.0xlO J J = 5.0 mJ 

(c) Sinee RBE = l foe 0-ny*. w> rera = rad. Tberefore 20 rad = 20 rcm, 

43.35. 1 rad= HT* 0>' ( wlO>'= l00radandlbedo«v,ai500rt(L 

rem = (rad>(RBEJ = (500 radX4.0J = 2000 rem. 10y=l J/kg. »5.0J;kg . 

43.36. [i-: mj,\ andSETUf: For*ra>* RBE =1 »o tbe eqw valen! otae mSvb me «me a* Lbc absorbed óow m J/kg. 
EXECTTK: Onewhole-rxxly^an^ One che* * ray detivea 

(5.0 kaX0.20xlO J J/kg)al.0xl<r* J. htake* — - \ =900 cbwt I rays (o deliver Ibe «me ten] encray 

1.0x10 J 

43.37. 1DKCT1TY and SET M Fot * ray* RBE = l and Ibe equivalent dote equai* ibe aluwbed do*e. 
EXECUTI: (a) 175 knd = 175kran=].75kOy = 1.75 kSv 

(1.75x10* JALgX0.150kg) = 2.ó2xlO* J 

<b) 175 krad = 1.75 kOy: (1.50K175 krad>=262 krera= 162 kSv 
Tbe energy depouled uouMbe 2.62x10* J . lbe «me a» in (a). 

Evali ate: Tbe ene* gy rcqiured (o raüe Ibe temperature of 0.150 kg oí water 1 C b 628 J, aod 2.62x1o 1 J b 
leu iban tbi*. Ibe energy deposited corresponda to a very unall amoral ol beating. 
(a) 5.4Sv(100rcm;Sv) = 540rem 
Ib) Tbe RBE oí 1 give* an absorbed do*e of 540 rad 

[el Tbe abwrbed do*e b 5.4 G>. w> tbe total enecgy absorbed b (5.4 Oy) (65 kg) = 351 J. Tbe eoergy reqmred to 
raiie (he temperature of 65 kgby 0.0HTC lt (65kg)(4190 J;ksK)<0.01C*)=3U* 
(a) We need to know bow many decan per 



_ <pjSQ)(3.70xlO"BqCi> _ 
1.79KHT i" ' 
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The iiurober oí remainiag 

N=NS* =<7,25xl0 ,l V 0?9x, ^ nT>Ol)< ™ > = 7,2462x1o 11 nuclei AN=N 0 -N=7.8xlO^üeeayx So (be 

enogyabwrbedb £^ = AN £ r = <7¿Xl0 1 '>(SOOOeV)<].60xtCr lt J/eV)=6 r 24L TV absorbed do*e i* 

(6^4J) =<?125 12Jn>(l SinccRBE= , í( hen(heeuuivalea(da*eU12.5ma 

<»k$) *^ ^ 

4b) En Ibe aecav. aiUinetrinoa are abo etnitled. The*c are n - -i atuorbed by (he body. and »o »orae of me energy of 
(he decay u )e*l {about 12 keV ). 

43.40. (O.72xlCT*a)(3JxlO* > Bq»X:i)(3J56XÍ0 r *)=8.41XlO"« partirte*. Tk abiorbed doae b 

(8.4,xl0",«4.0xl0- e V,«..602x l 0-i,V» = 10)(Oy = 10gnd ^ mv ^^ tí(20)a0! ^ =2lWr(f(l 
(0.50 kg) 



43.41. Ul iMVriFY and Sít Lp: Dciemur* X by babacifiiE Ai charge and nucleón nunjber on (he nde* (he 



EXECTTt; Xmualbave ,1 = 2+14-10= 6 and Z = 1+7 -5=3. Tbu* XU and (he rauta» ia 
ut aad Set Hf: Calcúlate (he oa** decreaae and fmd ic* energy convalecí 

of ÍH+^Nii 2.014102 u +14.003074 u = 16XPl7176 o 
of tü + i ;Bb6X)1512U+10.012937Q=16.02SQ5Su 
Tbe roa** inereake*. w> energy ib abwrbed bv tbe roactiott The Q valué b 
06.017176 d -16*028058 UX931.5 MeWu)=-10.14 MeV 

[t\ iDtvnrY and SET l "p: Tbe available energ) ta loe coUrai». Che kinetic energy A B in ibe water of ara* 

refere oce trame, i* relaled lo Ibe kinetic energy JC of (he boenbaniing particle by Eq. (43.24). 

RECITO: Tbe kinetic eoergv that rau*(be avaiiable tocwc Che reactiva b 10.14 MeV. Tbu* 

A;, = 10.14 Me V. TUme^«Aí onhertMwftjtytaigt: {"¡N) ll W = 14 u. Tbe maw m of Ibe colbdtag particle 

({H)b2iLTbeobyEq. (43.24) ÉttttérianfcBtricaMrpriatn» *H musí nave b 

r -l^]«.Jíl^l ( iau« B v)-ii5 9MB v 



EVAltATI; Tbe prüjecuk (ÍH) u mucb ligbtef Iban Ibe (argel ('¡N) *o A*i* not muchlarger Iban JC 4 . The K 

wc bave caleulaled r* «bal ll required lo allow (he ma** mercan We »uuld alw need (o check (o »ee if al thi* 
ener gf tbe peojcciile en overéeme Ibe Coulomb repulsión (o get *uf fioenily dose (o (he (argel nuclcu* íor (he 
reactica (o oceur, 

43.42. m^+m^-m^-^sl^XlO^o. so fe energy relea*edu 18.4 MeV. 

43.43. IMWTTY aod SE1 1 ' p: DetcrmiDe X by balancias me chara: and tbe nucleón oumber on Ibe (wo *¡de* ot (be 



EXEtXTO: Xmusthave A=+2 +9-4 = 7 and Z=+l+4-2 = 3. Tbu*Xi* ¡Lá aod me reacooa b 
fH + ia»=JJ + ?fc 

Ib) iDCvrtFY and SET UK Calcúlale (be ma** decreaie and f»d i* energy equivaleot 

CXECVTi: lí we use ibe Deolral atom i&uie* iben (here are the ranc Durober of eleetrons (five) m ihe 

Kt n (he product*. Tbeir rom» cancel, «o we eel (he üame i&w* defecl wherber «e u*e nuclear ma**es 
Hora «Liste i. Tbe neutral aloms maíces are ¿freo » Table 43-2. 
jH+tBebasmatí2.014lQ2u+9'J12182u=]1^6284u 

¡L:*:Hc ha* arató 7ÜÍ6003 u +4TO2603 u = 1 1 JJ1S606 « 

Tbe mm átantM h 1 1 .026284 u - 11 ,018606 u = 0,007678 u, 

HuicOTeapciad* loanenergyretea*eof 0.007678 u(931.5MeV/l u) = 7.1S2MeV* 

(c) I [ iKvnrY and Set Un Eaurnate (he (hrcOtokl energy by calculatiog the Coulomb poteoiial eoergy 

í H and ¡Be nucid iu*1 (ouch. ObUia tbe nuclear radü trom Eq. (43.1). 

EXECtTK: iDerathus oí tbe ¡Be noeles U/^ =fl^xl0^ mX9> 1A = 2JxlO'* 5 nL 

Tberadiu* ottbe fHnucleü* =fl 2x10^ a¡taf* = 1^x10^ ra 

Tbe oucki toucb whcu (heir eerUer-to-ceoter *eparation üt 

je=JL+JL=4.0xlO- ,s ra 
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Tbe Coulomb poltwnd energy o! the t»x> rtacUnt nucid al thiv 
1 «. I 



4*«. r 4ff<- r 



(4.0x10*" mK1602xlCT ,fr J/eV) 
Thw ti aa c aúnate oí Ihe lbre*hold crtergy for thi» reacüon. 

EVAlt" ATE: Tbe reacüon relea*» coa$y but Ibe tola! inirJal kinelic t -n« tf y o! Ihe reactanu muU^ 14 MeV ta 
order for Ibc rcactmg nuclei f o get cióse enougb lo each orber foc Ibe reacción lo occur. The nuclear (orce ii vtrong 

43.44. IwmrYandSnTU': 0.7% oí nalundly oceumns uramura * Ihe Uotope U, U. Tbe ma» oí one aucleu» 
uaboul 235m ( . 

Oec™ <a>TT»n«b*tf^ 

required» <3J3xl0*K235i»,)sl¿3xie' kg. 

EVAIAMTV: Ibe calculación aaiurnea 100% conventoo of timón coecgy lo eléctrica] enecgy, 
43.45* locvrmr and Set Vr: The energy releaaod i* Ibe energy equitaJent of tbe rnaai decrnaK. 1 u i» equi*aleni lo 
931.5 MeV. Tbe rnaw otoñe aí U aucku* b 235*y 
fiXECLTO (m> ^U+Jn-fr'EBa + ^Kr+Sjn 

We can WM atonuc rn»ie* unce Ibe saine nurnber of decoran» are induded on each «de of 
and tbe electrón maiae* cancel. Ibe mam decretase U 

(-¡ü)«i(»-[-{tB.) + -(;iCr) + 3-(»] 

Atf = 235 M393D u + L00B6649 u - 143.922953 u - 88,9 l 7630 o - 3<1 .0086649 u> 
AM =01860 u. TT* energy relea»edii (OJS60tiX93L5 MeWi) = l73J McV . 

íb)Tr*aurobec of **U mwtria lX)0gi* 1 °°^ ü ^ = 3.55x1o* 1 . Ibe 

(173.3 Mc\7nocku*)(2J5xlO a nucki/g>=4*42><10 2, MeWg . 

43.46. (a) JSi+y-> £Mg+¡X, A+24 = 28 *o A=4- Z+12=14 *o Z=2. X iian apartide. 
4b) £ = -A**-* = (23.985042 u +4.002603 o - 27.976927 u) (931 J UnV/b) = 9.984 MnV 

43.47. Tbe energy uberarled will be 
Af(ÍHe)+«£He)-tfí*Be>M3XH6ra 

43.48. (a) Z=3+2-0=5andA=4+7-l = 10. 

(b>IbenudaJciiaboronnüclcu^and m^+^-ii^-íi^ =-3.00x10-* a. «d »279MeVoTeoecgy i* absorbed 

43.49. Nucki: £X** -> J^Y*-** +J He** . Add ihe ma*i oT Z electrón* to each rife «id we f»d: 

Am = (JX) - M ££V) - «(jHe). wbere now we faave Ibe roai» of Ihe neutral alorni. So w Uing ai ihe maw of 
ihe original neutral &lom ii greaxer Iban tbe xuro of tbe neutral producís numei* tbe decuy can bappen. 

43.50. Denote Ihe reacuon ti *X -* t Jy +e~. Tbe rnaa% defcel t* rclaled lo Ibe cbange m Che neutral alornic ma**e*by 

(« x -Zovl-[iiv-(Z+lKl-^=(«a-^X 

wbere and are Ibe mam* ai tabulalaj in. for iwtance. Table (412). 

<UL ;X í *-t 1 ^Y ,, * l> * + ^* i Addin^<Z-Ue)e<iM«toborÍiiidei >ieldt ¡X* -> í .fY+^* . So in térro» of ame*: 

AmsMÍJX^l-Aít^Yj-iK, =(i#(¡X)-if^)-Af ( X ^Y)-^ = W (Jx)-Af ( I ^Y)-24n,,Soite decay *iU 

oceur ai long a» tbe origmal neotral mai» U ¿7 catee Iban ibe vum of ibe neutral product maii and two electrón manei. 
43.52. lOCVnnrandSrTLY: m=pY. [ gal = 3.788 L=3*78$XlO~* m 1 . Hiernaikofa : j 'L' nuckw ll 235ny 

lMeVsLoOxlO- 11 J 

EXECUTV: <a> For 1 gallón. m=j# - (737 ig/m > X3<788xI0* 9 m*J = 2.79 kg = 2.79x16° g 
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235*, 

(200 MeWnudoMHl.óOxlO"" I/MeVXlSSxHr* oírte»» 8.2x10* J/g 

(c) A ma» c4 6** pioduce* 26.7 MeV. 

[d) Tne tc4al eoerijy availabte wouklbe (L99XIO** kgX4.7xI0 T j7kff)=9.4xltf' J 



= w í= S!!gy= 94x »» f =2.4x10" 1=7600 yr 

t pov.er 386x10* W 



EvaivaT*: lí rae ma*i oT (be %un were all protón fueJ* il would cootara enougb fue! lo lasi 

43*53* U^Eq;<43J2>::¡M=;W B + tfi^ 

Bui =fl5.75 MeV)(24) -07 JÚ McV)(24) w -(0.7100 MeV)*^^- 

24 

- M (ÍT Ni.) = 1 1(1 .007823 n) + 13(1 .008665 u) - = 23.9858 a 

931.5 MeV u 

23.990963 - 23.9858^^^^ 



If Ihe bindmg energy Litro i* neglected -W (í Na) = 24, 1987 u and the percentaje erre* wuuld be 
24*1987 - 23.990963 



43*54* The a-pirtiric wUl ha ve ^ of Ibe relea*ed enecgy (*e« Europle 43 -5). ^(« tt -« lá -«.)= 

5JÍ32 X 10-* uor 4.69 Me V. 
43*55* .i i 1DENTOT and Ser L>: Tne heav^r nudcu» v.ill decay i»U> tbe üghler ooe. 
EXEtTTC: Í¡A1 will decay inlo ffMg. 

(b) iDCVTltY and Su l p: Determine the emitied partick by balancing A and Z ta ihe decay reacuon. 
fcXEClTt: Tnís í¡ Al-*íf Mg+,te. The eraitted parücle nuut bave charge and ÍU nucleón nurnber 

nuut be zeco. Tberefore. ti i» a /T particle. a pottlron. 

<c) IDKVHIT and SET VTi Calcúlale the energy defeet *W lor rhe reacUon and lind rae eoerc,y equivaled! oí 
AM. Ueracnuckarnm*c*lor ¡¡Alandal* lo avoid confuwoo in racludrag the corree* mimbec oí ekttrow if 

neutral atoen maiae* are uwd. 

ExciTTl; Toe nuclear mawfor *Alu (^Al)=24.99O129u-l3<0.cm54ft580u) = 24.983297 u_ 
Tne nuclear (na^for ^MgUM K (íjMg)=24.9S5*37 u-12(O.O0O5485SOu>=24.979254 u. 
Tne roa*) detect for tbe reactíon it 

AM=M mí (gAl)-M M (3Mg>-« <*e)=24.983297 u-24.979254 u-0OT054S58u = 0TO3494 ü 
0=(¿J*V = a003494 u(?3 1 S MeV/1 u) = 3.255 MeV 

Ev Alt ate: Tbe maw decreasea ra Ihe decay and energy u rdea»ed Note: ^Alcanaltouecayinto 

"Mg by tbe electrón capture. 

»AH>-£Mg 

The _¡ electrón in rae reaction i* an orbital electrón m the neutral ^ Al atora The roa» defect can be cakulated 
uun^ rae nuc lear rnau«4: 

A^=W„ (£AI)+W (ÍMg) = 24.983287u+0.00t)54858o-24,9792Mo=0.0(M592u. 

0 = ÍAM )* c 1 = (0XJO4592 UX931 .5 MeV/1 u) = 4277 MeV 



The rrMSt oocTeüe» in ihe decav jtk! 
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43.56. W -m.» = 5.81x10*" u.orGsWIMtV. Ibe energy oí Ibe alr*a pariick b (206/210) lime» ih». 
or5,30NfcV(*KEumple43^ 

< b > w tfr* " m rm =-5J5XlCr A u <0. *o tbe decay b nol posuble. 
M w^^-iw-^-m, =-822xl0"*a<0, *o Ibe decay i» not posible, 
(di > « #>ü . «o Ibe decay b not posible (*e* Probkra (43.50)), 

(e> fft^ H|1 + 2m t >iit l H h . eo (he decay bnoirMmiWe (*ee ProHem (43-5U). 

43.57. iPKVimr and Srr L p: The amount of kineik energy rclca*ed ib tbe eoergy eqisvakol of (be roa** cbangc in Ibe 
decay. n\ = 000054S6 u and me aloroic roa» of "N b 14.003074 u. Ibe energy equivalen* oT 1 a ll 

931.5 MeV. H Cliu*balf-liíeorr^=5730>T=].SlXl0 ll v.lbe RBE (oran electrón » 1.0. 

The maw decre« b =*i( ^C)-»' m # +«(*Jn)] . Use nuclear ma**e*. to avoid dtffkuhy in acwunUng Cor 

elecnon*. Tne nuckv nwi of b 14.003242 u-óm. =13.999950 u . 
Tnenucfevnraor ^Nb 14.C03O74 u -7w. =13999234 u . 

A.W = 13.999950 u- 13.999234 u -0.000549 u =1.67x10** u . The energy eqrovalefii of AM ^ 0.156 Me V. 
le) The rnaaiof carbón U (0,18K75kg) = 13J kg . ñon Eiaraplc 43.9, tbe activity due U> 1 g of carbón in a 
Uving orgamun i* 0255 Bq Ibe nuraber oí decay/a due lo 13 5 kg ol carbón b (!3.5xl0 > K0.255 Bo/g) = 
3.4x10* decayó*. 

Id) Each decay relea«* 0.156 MeV * 3.4x10" decios reléase* 53OMeV/*=SJxl0**' JA. 
(e) Tbe total energy abwrbed in 1 yrb (8.5X10* 11 IVK?. 156* 10 1 0=2.7x10** J . Tbe absorbed doae ¡a 

"s fc^ J = "* J^S = 36/iQy= 3.6 turad. With RBE = 1.0. tbe equivalen! doae tí 36 pSv =3.6 airan 

iDCVnrY vxlSETÜPr -n, = 264m, = 2.40x10^' kg. Tbe loUl erwrgy of Ibe two pboton* equafa Ibe raíl hwm 
e* of tbe pión. 

(a) £ >k = ^ff V í = 1(2,40X10^ kgKaOOXltf nVa)' = 1.08x10**' J = 67J MeV 
. he 1.24x10*- cV m 
67.5x10* eV 

ba>e RBE =1.0. 

Ib) Each pión deliver* 2(1.08x10"" « = 116x10-" J. 
Tbe abaorbed dote ll 200 r*d = 2.00 Oy = 2.00 JAg. 
Tbe eoergy depouted b (25x1er 1 kgXlOO iftg) = 0.050 J . 

Tneninnbecof^n^ne^dedb ™J = 2.3*1* rr*»»i. 

2.16x10* JAneaon 

Evau'aH; Note that charge r* comerved in (be decay unce (he pión i» neutral. li tbe péon b raibally at reit (be 
pholon* rouvt bave arpa! roornenU in oppoaite throctiüri* %o tbe EVO pboton* ha** (he «ame ^ and are eraitted in 
oppowte direction*. Tbe pholom aho bave oqual cneepe* unce they ba^ (he íamc rooroenturo and ri=ne-- 

43.59. lotvnrv and Set UPt Rnd (be energy eo í w>akn( of (he roa** desease. Part of me retejed energy appean tá 
(be ernrtted pholon and me retí ti luritík; energy tbe elecuoa 
cnctrn; ^An-^Hg^e 

Tbe roa** cbange b 1 97.968225 u - 197.966752 u = 1 i ? * * i 0 u 

Obe neutral atoro roa»^ incrode 79 electrón* before (be decay and SO election* ailer (be decay. Thb ooe 

in (be prodoxl* accountk correctly fot (be electrón eroitted by tbe nucleu*) Tbe total energy 

inibcifccayb (1.473X10* 1 uX931.5 MeV Ai) = 1.372 MeV. Tbi» eoerg) i% divided betwoen tbe energy of 

Ihc crortted pholon and tbe k4netic eoergy of roe partick Thus Ibe fi~ partick hai bnebe energy equal to 
1.372 MeV -0.412 MeV =0.960 MeV. 

EyaIVATE; Tbe eoiilled electrón b roucb bgbler tban tbe '¿'tlg nucterot. «o tbe electrón has alroos! all Ibe final 
kioeuc energy. Tbe faial kinetic energy of tbe "* Hg nucleui u very iroall. 
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43.60. (See Probkm<43Jl)> flj,^-», ]p -2in, = 1,03x10 u. [tocay i* cneegetically potable. 

l.vM IDEVI i-- Set Vp: Ihc deeay i* energetkaBy puaubk ü (he total mina óeaea*c* Deiecrame (be 

produced by tbe decay by balaoring A and Z on bo(b «Je* oí (he equabon. '¡N -t + "¡C. To a*oid «ool'uui» in 

including tbe correct numbci oí electrón* with neutral atoro triaste*., use nuclear matiet. otaained by vubtracting 
(be mtti of (be atóeme electrón* írora (be neutral «icen masiee. 

EXEfXTV: TlwnLKlearrnasífor 'jNitM. í l ?N| = 13.0)5739 u -7(O.O0O54S58 u) = l3.00t$99 u. 

Tbenuck«iTttufor "C»*-W« {?C)= 13.003355 u-6<O.O0O54S58 u) = I3.00CÜ64 u. 
Tbe mtH defect for tbe reaction it 

Alf =Í#_ (^Nj-tí^ ^C)-Jf(^e). A*W = I3.001S99 ü -13.000064 u -O.0CO5485ÍC u =0.001286 u. 
1 . ; i. cate: Tbe nuu decreasej in (he decay. ao eoerey b reJeased. Thia uecav i* eoeryeikully potübie. 



43.62. <a)Alea***quareUillolosor(ta for ahalí life of ¡LÍ=1.16b- 
<c) W^"* - =1-81x1 tf. 

43.63. Theacthity A(i)«ÍÍÍíI bul ^ííí = ->JV<#> so- i.N 4 a\ . Taktng (be decívalive : 

¿V<r ) = N/' -> ^1 = -fc A>-" = V* < 01 -*M = V W *' 
di 

43.61. ftomEq.43.17 N(0 = S^"* bot ¿V"" = A^"* 

. SoN0 > =N,}I] «b»»=^ 

OVe ba^e ui^ (bal ^lnx = kt(^X =<^)*- and ^* =x.) 
43*65. lotvnrv and Set t p: One-batf of tbe «ampie decayó ra a time oí 7»- 
E3acvTB; ">*"'?■ =s . 0xl0 . 
200.000 jt 

(b) (^ Mf> . Tro* expweat tí loo large fot nx*t haod-bdd calcúlalos Bul <£) = I0"*"' so 

43.66. iDtvnrVaodSETLP: 5«=-^' ™* roas* ofa single aucleu* i* 149»i, =2.49xKT* kg. AA//Ar = -W. 

. ASÍ As 2-65 decays/» , „ . _ b2 1W IB . , m lftH 

^ = - = = 5.50x10^*^; 7^= si ¿6x10 a #=3.99x 0"yi 

rV 4.82X10" " J 4 7 

43.67. iDCVnrY; Uae Bo^ (43.17) to reble tbe mitial number of radtuactivv ouclec *V fr * (o the aumber . A/, kCtafter time f. 

SET Un We bave to be careful; aftee r Rb ha» undergone radioactive decay it U ao kwger a rubidium atoro. Leí 
N v be the numero! ' Rb «torr»; Úü% nmnbei doeomi change. Leí N 0 be (he aumber ol ''Rb atoro» oo 

wbeo (be wlar s?*ero *w formed. Let A/ be tbe preient nurobec of 11 Rb aiom*. 
EXECtTE: Tbe pre*ent wwureMoU «ay tha< 027S3 = AJV + 

(N + */„K0.2783í = N. »/V = a3856 J V l . Tbe pcrceo(age we are a»ked to ealeuJa(e is S^N^+S^ 

N and *V, are related by N = voS 9 = e**iV. 

N$ Se* (OSSSSt^)^ . 0.3S56e* 

S + .V " A/e" + N * (0.3S56r 1 >.v + A7 " ÍS3B8P + 1 ' 



J 7¡ fi 4.75xltf*y 7 
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Thitf . (0-3S56XLQ694) ^ 

+ "(03B56K1 0694) + l~ 
i:s al t ate: Tbc balf-Uíe foc 'Kb i* j factor of 10 larger Iban ihe age oí ibe solar *y*lem h> ooly a unaU 
fraction ol ibe " Rb nucieí iniUally presen! bave j>v d; Ibe peroentage oí rubitfaum atoen* (bal are radíoactne a 
otúy j bit lea* now (han il wa* wben ibe ¿olar s}*aem *n fcemed* 
43.6*. (a) (6.23xl0")(4J7xl0*Í^VH1.602xl0" ,, J.cV)/(70,0lí)=0.06S2Oy = 0.6S2 rad 
<b) (20X6.82 red >= 136 rtm 

<«) m ^ 2> = U7XlO»Bq = 31.6mCi. 



hall ■ lif c Chai tbc deerca*e m activity ol ibe wiurve may be ne$leete<L 

43.69. locynrY and SET Uf: ñod (be energy emitted and Ibe eacrgy abwrbed each seco ral Conven Ibe absorbed 
energy lo abwxbed do»e and lo equivaled do*e + 

EXECUTI: (a) Rn* fmd tbe number of decayó each «omd; 

Theaverage energy per decay ll 1-5 MeV. and one-bair of tbi* energy w depouled id Ibe tumor. The 
delivered lo Ibe tumor per leeood Iben i* 

£(9.6x10* óecayíAXl. 25x10* eVMecayXIMZXlO" 1 * 3/8X0=9.6x10*' Jfc. 
ib) The abwrbed do*e U Ihe energy abwrbed divided by Ibe maw oí Ibe Ihaue: 

!^J^Í! =0.9x10-* J/ks «I «d/ÍO-Oi JAgJ) = L9xlCT* rad^ 

<cí equivaled! doa* (REM) = RBE x aburied doae (rad) 
lo one «cond Ibe chafen! do«e il 0.700.9x1er 4 rad) =13x10"* rem 

(d) (200 remaJXiO J rem/i> = 1/5x10* *(l ritt601)*)=420 b =17 dayv 

i:\altaie: Ibe aeUvily of Ibe sourec i* uuall so Ibal atworbed energv per sccond i* imall and ii lata 
da^orafiopivalem do» oí 200 rem lo be absorbed by the 
large eoougb lo dama ge (he tuuue of (he tumor. 

43.70. (a) Altar 4.0 mñ = 240a. tbe rallo oí ibe numba of micki i* = 2 <M * rng '=124. 
(b)Afler i5.0in™ = 900ilheratiob7J5xl0 T . 



43.71. lOtvnrY andSET VK Tbe number ol rathoaetive aueki left aüer lime / U p>en by iV = X t e "V Tbe probfcm 
saj* NtN 9 =02k wlveforr. 

: 021 = e"* so b(0.21) = aod í = -lr*(0.2 1 W 



EaampIe43.9give*^=1.209xlO J for^C Ttoi / = ¡^j^S y = Y- 

KVAit'AIE; Tbe balf-bfeof M C Ía5730 y. *o our cakuiated f u more iban two haU-U^. *o tbe fractioíi 



ble^lhan^J^i. 

43.72. iDKVnrY: Tbe UiUum (H-3> decayi (o He~3. The ralio of Ibe number of Ke-3 aloma lo H-3 aloma allo^i ua to 
, iL ulaie (he time vinee Ibe decay begart, whicb ll v.beo the H-3 waa formed by Ibe nuclear eaplo«on + Tbe H-3 
decay U eaponential. 

Slt UPt Tbe number of tritium (H-3) nuclei decrea>e* expone otially a» N Jt = jV a M r"^ . wiih a balf-life of 

12 3 >ean, Tbe amounl of He 3 preient altee a time i i* equal lo Ibe original amo uní of Iritium mino* Ibe 
of triüüm Ducki that are 5tiu undeeayed afler nmer. 
EXECVTK: Tbe number of He-3 noclei afler Irme t iv 

Takmg tbc ralio of Ibe ruimber of Hc-3 aloma lo ibe number of Intium (H-3) atoms pves 

a7 — ^ í*~ 
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, In2 Ln2 ln(l+4J) _ 

Evall'atc; One bauiaUon on Ito metbod would be (bal after maoy }tw me rabo oí H to He would be too 
amall lo rae&iuie aecur ately. 

■) lDEKTtFY and SET l>: U*e Eci(43.1)to cakulate tbe radjuh R of a "H oucleuf. Calcúlate the Coulomb 
potriuiid energy (Eq.23.9)ofme (wonuclei when theyjtitf touch* 

EXECUTt: Tbe raima of ¡H i» jr=(l.2xHr** raX2> n = 1.51x10"" m. The barrier ener^y U (be Coulomb 
potencial eneQcy of two *II nuclei with Iheir ceder* leparated by (wice Üm dulaace: 

[/=—!—— =(8.988X10* N-m'JC*)* 1 602x10 =7.64x10^ J =0.48 MeV 

4T^r 2(1.51x10"** m) 

(bHDKWTmr«d SBTVK Fmd (he energy eqraitfera of (be 

EXEOTI*: fH+fH^jHe+in 

The m^T^Tp^i^a^ 43,2. * °° 

ÍH + fHhtoma** 2(2.014102 o) = 4.023204 o 
>He+^nba»mu« 3.016029 u + 1.008665 o = 4.024694 u 

The nm decreaae ll 402Í204 u -4.024694 3.5 10x10"' ir Thi» correspondí to 4 Überaled 
(3Jl0xlO"*uX°31.5MeVAa) = 3.27O MeV. or (3,270x10* eV)( 1.602x1 O* 1 ' McV) =5239x10** S. 
(c) iDKyTWY «id SET UPt Wc know the encrgy refeaied wbe* two 'Hnucki fu*e. Rnd rae nurober of re*t*k>Q* 
obtaraed »ilh one mole oí ¡IL 

EXECITC: Eacfa reacüoo lato two fHnuclei. Eacb roole of D : bu 6.022xl0 u raolecwefc.«o 6.022x10* pair* 
oí atomft* Tnc eoergy hberaied wbenone mole of deuterium ank|M ftmoo i* (6.022 xl0"K5^239x 10"** 1) = 
3.155x10" J/mol. 

EvaUMTC: The eoersy liberaled per mole ü more Üun a milUon Uraes larger (bao írom eherokal combustión of 
one roole of hydrogen gzi. 
43 *74. la Ierro* of (be nurober JV of entura atoros (bal decay ra one wcek aod (be max* 
nr = 1.0k^ tbe eqiuvuknt dc*e ii 

3JSv = *((RBE)E +(RBE).EJ = *(flH^^ 

Then íV, = íVr" = (l J35xtO , *)e^ w ""^*-* - * w '^' =1.536x10". 
43.75. WV='- — .. *'=v-v— — =*f — — Iv. *L= 



m+Af m+A/ 1 m+M f m+A/ 

- 1 -i l mM 1 1 «W l II i mM m a 



A' - 



b) Iw an endoerpe reaction JT A = -0 (C< 0) at thrediokL Putting (ra» roto parí (a) gtafl 



43-14 < h j ] 1 1 1 r 43 



43-76. JC 



I— X. , * hete A:, i* Ibe energy thal Ihe a-pvtick *ouW have iT Ibe 



mfrojtely ma**»ve 



TI**. M=W^-if,-^=Af^-Af a -l^(2J6NfcV/<- 1 )=lSl,94S21ti, 

43.77. A*=«(^U)-«(^Xc)-W{5;Sf)-« 

Ant=235 r O43923o-139.92]636u-93*915360u-L008665u=QJ983ii 
=(Am)c^ = (0.L983o)(93].5MeV;u) = l85 MeV, 

43.78. (a) A kart-aguarea í*of Ibe kigofto 

pve* a (xntnbulkm U> ihe race of about 250ífcV for thb tongertaed speckjL A kwl-«qura fii ol the log oí me activily 
v/. time for time* curto than 2.0 b pvea a til *im ranttalkm = 0,994, iodiiatiiig Che pirara of only two ipecta. 
(bJByimlaixlefTOJ.thedaiiiufit by idee» rale modeled by R = (5000 Bq]r <1[7 "* ; +| 2500 Bq)*"* 041 * 1 . Hu* 

would corre*****! to Ml-lim of 0.400 h aod ] .92 \l 

ici tambmodeL there ttt 1.04x10* of me «bcvtor-lived specteet aod 149x10* of me lomjet-livod vpecid. 
(di After 5.0b_ therc would be LJOxLOVttwidwcta-ltvedipecwAaad 4 .10x 10* oí iht tonga -livod apeóe*. 

43.79. <i) lbeit «re lwo proteo oceumng: me emboo of l *l by the neutrón irramaüoo. and me decay o/ Che ocwly 

oradialiori. Theo 



L So — = - AN where ÜT U Ihe rato oí oroJuclioo b> tbe 
di 



43.79. 

loe aclmly of me «tupie U = «(l-^'lsJl.SXlO* deca^lxíl-/™ ' 



Ihe £rap h i* pW) in 



Someaclmtvik 



(1.5x10* toay*/«)(l-e 



í ta minute*. So Ibe activity ¡ \ al variou* 



lilao fc 



(f =lraín)=4.1xl0* Bq;- (r=10toin) = 3*6xl0 } Bq: 

tí/ ¿A 



tf = 25rara) = 7,5xlO*Bq; (I =50mra> = MxlÜ t Bq; 

tí/ í// 



ít 



ff = 75mio) = lJXlCrBg; (I slSÜnún)^ 1 5xl(T Bq; 



i*j -nú. 



(dJTnemtünjwnjcttvtTv^ 
1.5x10* decay*/*. 



when Ibe rote beinc produced equals mal decaying and «o ii equaU 




.i i ■ 



»0 400 W0 »0 100 120 l*> IW) 180 J«l 
F>pu* 43.79 



IhotMlWKl 



The aelivily oí tbe oripnal iron. aíie* 1 000 bou» or openiion. would be 

(Mx 10*0X3.7x10" Bq/CW^* 0 *****'*** =U306xltf Bq. The aetivrty of the oil U S4 Bq. oí 



4.5SSóxl0 of tbe total iron acbvrty* and mb mu*l be me fracüoo crf ihe 
The rale al which Ihe pistón nop Ion Cheit raaw i* Ibeo 4.59x 10"' «/b* 



of 4.59xICT*g 
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U. 1 . -i « lDEKTtFY aod Srr Lfr; Uw Bq.<3736) to calcúlate (he kinetic eoergy JT 
ift=9.l09x10 Jl kg i »off=L27xl<r 14 J 

Ib) lOKVTWY id SET Un Tbe lotal energy of Ibe particle* cquah tbe *um oí (he coergies of the two pbotooa. 
Linear rooroemum mual alw> be conaerved 

l-Ai'i te: Tfc total energyofeacbelectroooT poaatroo ia E = Jf = 1,1547 «c J = 9,46x10*" 1 Tbclolal 
tner^y oí (he electrón and poulron w con verted tato Ibe total energy of (he two pnoton*. Tbe Lniüal naomencum ol 
Ibe *)*tcm tn (he lab trame ia /ero (lince the cqual-ma*a particWa have cotial speedi m oppo&ile directioo*). so Ibe 
final momenium muat albo be zero. The photieu mutf bave equat «aveleogiba and nautf be traveüng m oppoule 
directioni. Equul A roeam equal eoergy . ao e*ch pholLíi has eiwrgy 9,46x10^* J. 

and Set Up: Use Eq. (38 J) lo relate tbe pbotoo eoergy to tbe pboton wavekoglh 
: E=hc/Á «o ¿ = hc/E=hcff?Mx\0^ J) = 2,10 pm 

EVAit" ATE: Hie »a\ eleogifa cakuUted ta Kaample 44. 1 i* 243 pro. When the partielea alao bave hiñe tic 
Ihe eoergy ol each pboton i* grealer. »o iU wavelength i% leu. 
Tbe total eoergy oí (he po*itron i* 

E = K+ «c* = 5.00 MeV +0.511 MeV = 5.5 1 MeV. 

ibe *peed of tbe «wilron from Eq.(37.3S). 



-^-m-f 



44*3» iDtvtlFY and Sin Iíp: By moñaco toro cooaervation (he two pnutuna muii bave equal and oppoaile momenta. 
The o Es pe *ayj Ibe pboloa* raro* bave equal enérgica* Tbeír total eoergy raukl equal Ibe real maaa eoergy 

E = «*r* of Ibe pina. Once *e bave found (he photm energy we can uae E=ttf to calcúlate (he photto frequeney 
and roe Á~ct f to cakrultfe roe «aveleoglb. 

ExttTTK; Tbe maia oí the p*oo ll 27Qnt 1 , w roe real cnergy of the pioo il 270(0.511 MeV)= 13S MeV. Each 

pboton ha* half thw eoergy. or 69 MeV. E=hf te f = £ = jffgjgj eV)t 1 602 x 10 — íífX!=] JxlO* Hz 

A 6.626X10"^ J * 

Ev Alt' ATI; Tbe*e pboLoo» are in roe gamma ra y part of the ekcuomagneuc ipectrum. 
444. (i) Ibe eoergy «iU be tbe protón real eoergy. 93S.3 MeV. eorrearajndrog lo a freojueney of 2*27x10* Hz and a 
wavefeogthof 1.32x10"" m. 

<b) The eoergy o* each pbotuo i*tll be 938.3MeV+S30MeV=]768MeV 4 wi(h frequeocy 42.8x10* lie aod 
*avelength 7.02xICT ,4 dl 
US. <é) Am=iiv-* # .=2704»v-207íf<,=63« i ^£=63<0JUMeV)=32Me>V. 

Ib) A poulive rouoo haa leaa roaaa than a poiitivc pxxa. w if the decay from rouon to pión wai to oappeo. wu 



+4-1 
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44* =-L= <M»x"r»J-*> = U7xlCT»m=0.0]i7prn 

£ me 1 me <207)(9JlXlCT*kg)(3.a3Xl0*in;O 

jo thu taic. the muow are created at rc*t (no kinelic cnergy). 

<b) Shurtír wa>riengihi *ould mean b¿fter obolon encrgy* and Ibe muuru would be created wlih mm-wo kincttc energ> 
11". iDKVnrY; J;il- ^^ynl^dwtiicsíturathenwsdUfewM. 

SETUPt Tne ^ diLlereacc b the irutiil rn^* minui the liml ma** 



tbc nmw trota Table M2. we tuve 
Am=m M -m ( =(105.7 Me V/r*) -(0.511 MeV/r*>- (0.511 MeV/r*)sl05 MeV/c 3 

Mulüplying tbe*e maweA by r n ve* £= 105 MeV. 

EVAU'AH; Thn energy i» obaer ved w kmetic cnergy oí Che eketron and poHtron. 
M >. iDtvnrv and SCT UPr Calcúlale Ibe nw* (tange id cach reaclion. uiing Ibe atomxr mu^ m Table 44 .2 A 
ma*i change oí 1 D i* equivaknl to an eoersy oí 931 JMeV. 
IH(n (m>««l(b)Eq.(44.l> : jHe+jBe ->*¡C+íü 
&M=m( 4 He)+iff('Be}-iiii( u C) +M ( , n)] 

A M = 4.00260 u + 9X1 l 2 II u - I 2.00000 u - 1 .00866 u = 0.0061 2 ■ 

Toe ma&* oecrea^ej And ihe eoergy ubcraltd b 5.70 MeV Ihe reaction b exoerpe. 

A« =Bt (^ + «rB)-W'u) +W (-He)] 

AJÍ =1.00366 ■ +10.01294 u-r01600u-4J»260u=0.00300o 

The raa&i óe*Tcv*e4 and Ibe energy liberaled b 2.79 MeV. The reaction U exocrpe. 

<c) The reactanU m Ihe reacliom of Eq.(44. 1 ) hate posithe nuclear chargea and a thretbold kincttc cnergy ta 
required fof Ibe reactant* to overeóme Iheir Coulomb repuUion and got ckiw eoough for Ibe reacüon lo oceur. Tbc 
neuUoninEcj.(44.2)b neutral so Ibecc w no Coulomb repubum and no tbreibold energy fue Um reactiou. 
449. 1 1 ■[ .m j -', : The antimalter annihüate* witb an equal amouol of maUer 
SETUP: The energy oí the matler i* £=(Am)c*. 
EXEtTTE; Putung in Ibe oumber* ¡pvtü 

£ = <Ant)c^=(400kg + 400ig>(3 0ü>ílLr l m.»r =7 t 2xl0 l * J. 
Thii i* aboul 70% of Ibe armual energy me in Ihe U.S. 

EVALUATE; lí Ihü buge uwwl of encrgy «ere releaied ludoealy. il would blo* up Ibe Eitterprvtt* Getling 
uicable encrgy írom roatler-antimalter anxuhiliation ib not io e**y lo do! 
44.10, lOKVnrY: Wiib a vtabonary Urgel. onl> part of ihe initial kinetk eoeigy of Ibe moving electrón U avdlable. 

Momenlum confervaoon telb M Ibat Ibere mu* be nonxero monmtum alter Ibe coUmoa * lucb me*n* tbat tbere 
tam ifeM be left over kineiic energy. Therefore not il of Ibe icdual coenry Ifl availabk. 

SET UPr The avüüable cnergy k gira by E¡ = 2mc } (£. +mc J ) for v*xi puticki of equat ma« «ben one II 

imlially vtabonary. In Ibb tiilft tbc initial kineüc energy (20.0 OeV = 20.000 MeV) li roucb inore I ban Ihe re«t 

tmttgftá Ibe electrón {05 11 Me V). ao the fonnula for avaiUbfe energy reducea to £ t = ^2mc l E m . 

EnxVTt; (m> Uitng (he formula for avulable energy gt^ei 

£, = = V ^2(0Jl 1 MeVK20.0 OeV) = 143 MeV 

4b) Fot collkling beanu of eojual roaju, each partiefe ha* half the avaiUbfe energy. *oeacbha*7L5 MeV. The total 
energy i% Mee thi», or 143 MeV. 

EVALUATE; Colliding beaim provide comiderably more avaUabk cnergy lo do expenmen^ Iban óo beanu 
hitting a tí aüooary Urgct With a ilationar> + electrón Urgcl in part (a), *e bad lo give ibe nx»ing electrón 
20.000 MeV of energy lo rrf the ume avmUbk energv Ibat we col witb only 143 MeV ol eneruy with Ibe 



44.lt iSnfp: & t (44.7)aayv a>=\q\B/m U>B=mm/ft And lb>M v=2xf. thiit become* 

ExtíriTE: A deuteron a adeuleriurn nucleoi ( jH|. Ilvcbargei» 4 = +f. Iu nutu b the nuua of the neutral ¡H 
alom (Table 43 minui the ma» of the one alomic electrón: 

« = 2.014102 u-a0005486u = 2.013553 u<L66054 x 10"" tu) = 3.344 x \<r° kg 

B ,2^, 2^3344KlO- w k g y9.fJOxl0*H2) , |1 „ 

* |íf 1 .602X10-» C *" 1 
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AAAnfllftV r ^ gW _ jjLgtedfl "CMUSTXOJMm))* 
(b)Bq.(44W r=_ 20,344X10-* M) " 

jr=5.471x](T l> J = (5.471xl<r 1> JX1 eWL602xlCr* J)=3.42 MeV 

EvahaTK: w/t =0.06. *o U i* ok to u*e tbe aonrelaimOic expreuion lor kinctic eoergy 
44,12. <a) 2/=-=— =3.97X107* 

(b) ü* = — = 3.12x10' mh 
m 

(el r*or Ifarce-ljgure precüiun, Ibe relali>iitic forro of the kinctic cnei^y muht be u^ed. 



44.13. (i) lWWTOY and SKT l>: Tne maro oí Che targel and projeerte particiw are equal «. Eq. (44.10) 
£* = 2*K-*(E„ + «*<•*). £. bi^ecin^wl^forCbeeMrsy E w oí the beam parlicle*, 

EXECUTI: ^s—Íj-bk^ 

The maw fot Ibe alpha partícle can be calculatcd by wbtracting taxi electrón ma**e* from ihe ¡He 
m=^ =4.002603 u-2(0.00054S6 u) = 4.001506 u 
Then me 1 = (4.001 506 UX93 1 .5 MeWu) = 3.727 OeV. 

£ . = ^ T -^ = «^.- 3 .7 2 7OeV =30 .6 Oe V. 
2wr * 2(3.727 OeV) 

4b) Each beam mu*t nave y£ — 8.0 OeV, 

EVAIXATU: FOT a tfaUonary Urget (he beam energy b nearly Iwvce tbe available energy. la a cotlidtng 
expcrimenl di tbe energy i» u ■ ailabJc and cach beam needi lo tuve jurt half Ihe reojuired available energy. 
1000x10* MeV 

44.14. (a) y= _il065S.ro v=0.999999559<\ 

935+3 Me > 

<b)NoQrelabvútk; <v= 5? = 3.S3XIO* rad/*. 
Rebumbe; ^=—1=3^9x10* rad/i . 

44.15. ■ j i UkEMtFY and SXT L>: B?r a pro loo beam on a tfaüonary protón largel and unce E¡ u much larger Iban Ihe 
pro«onr»tenervy*ec^nu5eEq.(44.|]): £*s2jnc*£L. 



<bt locwnrv and SET Vn For coUiding beam* Ihe loUl raomentum U /ero and Ihe available energy £. H Ihe 
total energy for Ihe two coUKhng parücle*. 

EXECtTC Re protón crotón coJUwon» Ihe ccdbdin$ beam* eacb nave Ibe *ame energy. tú Ihe total energy oí 
e*±beara»i£; = 3o\7 OeV. 

EYAUMn: FOT a rtatoeary larget 1»» Iban 3% of Ibe beam energy i» avaUabk foc conversión icio ron. The 
beam energy fe* acuUkling beam capcrinwit bafaclorof (1/83) time* imaUer ttmn Ihe rc^utred energy fot a 
slationary target experiment. 

44.16. iDEvnFV; Only pon oí the inllial kineUc eneigy of tbe moving electrón ik available. Momentum conaervalion 
teU* u* ttut Ihrrc musí be nuozeio momenlum aller the coIIíula. whith meanj thnl thece mosl L ,l- ■ ■ be leít o^ee 



Set ÜPt To créate the ff. Ibe mínimum ivaihble ener^> miul be equal lo Ihe retí mau energy of Ibe product». 
whKh in thi* ™e b ibe //' pltu two protón», m acoUickr. aU of Ihe inilial energy i* avallabk. w Ihe beam energy 
3i the available enerjty. 

; Tbe minimum amounl of available ener^y nuut be revt roa» cnergy 

E 9 = 2m + fft = 2<?3SJ MeV) + 547 J MeV = 2420 MeV 
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Each sncMlenl proUra bai balf of Ibe re*t ra*** encqry. oí 1210 MeV a 1.21 GeV. 

EVAIX'ATK; Aiwuwin probfcm 44 10. we would ni t d much raore ¡nitral energ y h* ooc oílhe aaúú proroiw 
wew Oaborary* Toe reuilt hcrc<1.21 OeV) e the mnumvm amount of energy needed; (he original protón* could 
bave more energy and vtül trigger thi* reaclion. 
44*17. Section44,3»ys ■KZ°J=91^0eV/c 1 - 

£=91.2x10* eVsl^ólXlO^J; *i = ff/c* = 1.63x10-* kg; m&)<m(p)=972 

44.18. (a) w e *h4ll aaiurae itat Ihe kinetic energy ■: Jic A* » negbgible. In tbat eaae 
can *et rbe valué of Ibe pboion's energy equal lo Q. 

g = (ll93-ni6)NUV = 77MeV = £^. 

1b) Tbe momenlum of Üü% pholon Í5 

£ g . =( 77xl 0 > a V X ..é0x. O -J>V) = tlxl ^ , 
* r (3.00x10 a mí) ^ 

To JualiTy our original auuroption, v*e can calcúlale tbe kinetic energy of a A° tbat ba» thi* valué oT 



Thtt». we can ignore tbe roornenlum of tbe A wiihout ¡ntroducing a Urge error* 

44.19, iDKvnrv and SET ÜPt Find Ibe eoergyequivakrjl of the roa» decreaae* 
EXECITt; Tne mais detreaae i* «(I^-mftO-iwOr 0 ) and Ibe energy reléase*! i* 

mc*{¥)-mc i {p)-mc*l*')=U39h1eV-93&¿ MeV -135,0 MeV = 116 MeV. Cine «r* valué* for eacb 
partide «ere taken from Tabie 44 JJ 

Ev alí ate : Tbe maw ol ibe decay producía u lea* ib» Ibe ma** of tbe original particle. so Ibe decay i* 
ener geücally allowcd and ener g> i* relea*ed. 

44.20. lotvnrv: If ibe mttia) and Anal rwl ma** eocrgie* «ere equal. Ibere vroukl be no left ove* energy for kinetic 
energy. Tbererorc Ibe kinetic energy of Ibe producía t* Ibe difference betvtecn tbe mau energy of tbe inilial 
parlkle* and tbe final panicie*. 



SetUf: Tticdilkrcatc in qiümu im = M- -m . - 



HXEÍ.TTK; Uiing Table 44 J, Ibe energy difference i» 

E = (Aftt )c A =1672 MeV - 1 1 16 McV - 494 MeV =62 MeV 

EvaIVATE; Tbere i* le» real m^i energy aller Ibe reaclion Iban befare becauie 62 MeV of the inirial 
wa* converted to kinclic energy of Ibe product». 
44.21 . Coroervalion of lepton nurnber. 

<a) /T^e"+v 4 +^'^£^:+l^-l.í % :0x+UU>okplon nurnber* are nol con*erved 

(b) r~-*e~+r t + v -> L # :0=+1-1; L :+!=+!, se- lepton nurnber* are con*e*ved 

(c) A* -* e* + y. Lepton numben are nol con^erved sin ta jun one leplon ib produced from xero originaJ leplom. 
id) n-»p+e"+T # ->í^:0=+I-L ta Ibe leplon numbcm are conwned. 

IOCVnrY and SET U p and n bave baryon nurnber +1 and p ba* baryon number -1 . 6* c" . U, and y all 

bave baryon nurnber /ero. Baryon nurnber ik conscrvvü if Ibe total baryon nurnber of Ibe product* equaU (be total 
baryon nurnber of Ibe reacUnut* 

EXECUT»: (a)reaclanU: B =1+1 = 2 . Product»; B=1+0=K Not cocucrved. 
|b)reactanU; # = 1+1 = 2. Product»: ff=0+0=0* NotcoruervocL 

(c) reactanb; B=+\ . Product»; B = l+0+0=+L Couened. 

(d) reacUnb: 0 = 1-1=0. Product»: B=Q. Conterved. 

44.23. 1 1 ■[ m j -', and SET ÜPt Compare tbe lum of tbe ylrangeneu quanfum numbeo for tbe partxle* on cacb vade of 
Ibe decay cqualion* Tbe vtrangenetti quantum numbcnt for eacb particle are ¿rven Tabk 44 3. 
EXECUnt: <n>K*-*/i*+v,; í^, =+l =a =0 

5=1 mitially; 5 = 0 for the product*: 5 b nol cowervcd 
(b) n + K*-*p+V; S B =ft S^=+l S p =0. =0 
5=1 mitiilly; 5 = 0 for tbe product*: 5 U nol comer* ed 

<o ir+ir 5 K .= + u j r =-k s v =o 

5 =+1-1=0 imually; 5=0 for tbe product: . 
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<d> p + K--»A*+*'; J,saS r s-U A , =-1,5^=0. 

5=— 1 initíaUy- S=— I fortbe product». 5 U conawd 

EvAUTATl; Strangeo&M i* w* * txiuaerved tjuiobiy in v.*ak 
metiera oc decaya c jo occut. 
44,24, (a) U*ing (he valué* ul ibe eomLmls fn>ro Appeodi* F. 

^=X2966W75xl0- =í3í: ^.or 1/1J7 »«w flffMt 
<b) From Serio* 38 J. h = -íl. Bul «rice Úá* UjuM (j^)* • * 

(a) Ibe diagnun b pvva ¡a Bgurc 44.26. Toe IT patlicle ha* £>=-! (a* ¿U bbeUuggeiU) and tf=— 1 lü 
ippear* ai i ~bolc*ro an otnefwíae regula Utttre in Ibe A"-C» plañe. Ibe MMá tbnerence benPAtt cuco 5rowU 

iwundHS McV(oc«>)/nu*p«Utbc U tna** ai aboui the nghi »p<* ^ Uii^ out alJ Ihe (Hber pwücka on 
lhi% lauta bad been di*ovmd altead v and W All "bole" and mata regular* v tbal W lo an amMe predklkm 
rftanuoaiieirílln: £1! 



44.25. 



tbíSeedia^UaequaAchafscs * = ^.toá**^ ***$úá*. 



■í-ISWMfV/H a 5 --2 
•f - UTIHcVJí 3 íl* 5= -J 



* 






• 










3U 





Figure 44-26 

44.27. locvnrv and Slt Uft Eacb valué íw Ibe uoenbination i» Ibe *um ol Ibe fafew te eacb qua*. Use Table 44.4. 
EXECVT1: <a> mli 

S = Ü+G-1 = -1 
C=0+0+0=0 
ib) c* 

The valuea for Ñ are (he negalive fcir (brae fur «. 

a-l*-l*-« 

B=J-'=0 
5=0+0=0 
C=+l+0=+I 

b— >->->— ■ 

s=;+í+;=+i 

5=0+0+0=0 
C=0+0+0=0 
(d) 4c 

0 =-^-í < =- e 

B=;-'=o 

5=0+0=0 
C=0-1=-1 

Evut'ATt: The ebuge. baiyoo numbci. slrangenm and cbann quantum nimben of a puticle k 
by ibe part^clf s uuaik pQ ÉMp OtJ ifctttt ■ 
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44.28. (m, {9460 MeV - 2<l 777 MeV)) = 5906 MeV <*e Section* 44 J and 44 4 for roara 

44.29. (9) Toe anüpartick raurt cttoKirt oí Ihe antiquitrk* w a = Sdd. 

(b) So n- udd i* m»t ib own antiparliclc. 

(c) y =íTsoC?=rt = ^ M (he i* iüow anupartick. 

44.30. (■) 5 = 1 rodicalei Ihe preience of one r «Uquark and no * quark, To bave baryon ouraber 0 Iberc can be wüy 
one o(bcr ujuark. and (obavenetebarec +e thal quark rau*t be a auandlnc quark contar! i* ttT 

ih) Tbe pártale ha* MI rantiquark. Ittd fue abaryeo number oí -1 thepartick rourt conuat of tbree anüujuark». 

FOT a a-: cbarge of -e. (he quarfc contcnt muvt V rfrfr 

4c) 5 =-2 mean* tha* tfcrc are EWQ j [ju«h, and for báryon nunjber J Ibere rourt be one more quark. Fot a cbarge 
oí 0 tbe third qiark must be a v quark And ihe quark conten! a an. 

44.31. iDtYTWY; A proteo i* made up of and qu*uks and >t neutrón cof&bU oí udd qiurfci. 

SET UP; IT a prolon decay* by /?* decay. we tave p — * e* + n + v t (both cbirge and lepton number are 
cODKrveA 

Evalúate: Since a protón conabt* of uud quark* and a neutnwi U udd quark*. it íolkrt*s Ibal in p* decay a u 
quark chance* lo a 4 quark- 

44.32. j y Uiíng (he delinition of z froxn Exarnpk 44,9 we ba>e (bat 

Nc^weuwBq.W^toob^ tS 

<b) Solvió* thc above equation for 0 we obtain^ = =1^ZÍ=QJS46 
Tno*. v=03S4*f=M5xlO > m/í. 

<c) We can u» Bq.<44.15) toündtht Guanee to (he ¿ven galwy. 

<usxioV*) 



44.33. U) I&KNTtn- and Ser L>: Uw En (44. 1 4) (o calcúlate r 



Estira v = 



i* = 



658.5 nm/590nin) i +l 



r = (OJ094K2,99SxlO" m/v)=3JSX10 ? m/* 

and SET UPt Ule Eq.(44.l5) (o calcúlate r. 
* 328x10* km/* 



r = 0.1094* 



= 1510 Mlv 



ff 0 ai^VMpcK)NtpcV3.26Mly> 
EVAlVAIt: Tbe red ihift V ^« ~ 1 for thb galaiy u 0 J 1 6. li ú (herefore aboul toice ai far from eartb a* the 
«alaxy in Eaarnplw 44 .9 and 44.10. that bada red ihiliaf0«3. 

(b) TOi di*(ance re^reieoU looktn; back in (ime w far AM (he light tan not been able to reacb ut. 

44.35. (a)JWfVTtn andSETrjr: Hubbk\ la» i% Eq (44 l5J. W tf = 71 (kro/*yíMpc). I Mpc = 326 Mly. 

EXECVTl: rsSIlOfcOywvsZ/tf = (í71km/*VMpc)(l Mpc/326NQyK5210M)y) = Llx]0 4 
1j |['t m j:- 1 , andSETUPr Un vrmn part (a) mEq> (44.13). 

¿i V*-v Vl-v/c 
y l.lxl0*m/* .„ jL /l+ 0,367 . . 

S' a— wtf «fc =036? w t^í^ 

EVAlt'ATI; Tbe galaav in Eiampka 44 9 and 44.10 U 710 *By xny vohasa 
reJshtfi ^^^^ the ^alaxy in ibi* problem- 

44.36. iDCVnrYandSETUPT m„ = 1.67x10-" kg Tne ideal ftf law itgi pV^nKT 
L01 3 x ltf Pa and normal Umperaxure ii aboot 27 'C = 300 K . I mole b 6.02X 10* 
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EXECtTV: ím) ■ =3.8 

1.67x10"* fcg/atan 

<b> V = (4 m)(7 m)(3 m) = 84 ra 1 and (38 alornVm'XW ra 1 ) =320 

(c)WÍih p< = 1.013x10* Pa.V = 84rn\ 7=300 K ihe ideal $as Uw give* tbe number oí moles lo be 

ff ,pV. (1*13x10* PaXiW) ^ 
JÍT (SJ145J/mol KK300K) 

(3.4x10* aKtaK6.02xlO° atoir«ta»i) = 2J3xl0 r aturo* 

EvaUMTC: Tbe averare deroitv oí thc unj>erae a very ¡email. InteralcUar ¿pace contara a very uiuD number of 
atorro per cubk meter, curopared lo ti» nurober oí attxn* per cub* meto id oriaary mUcml Ibc carüY ai air. 

44.37. iDKvnrYandSoUPT fio! Ihe caagy eqwvuknl of Uw roa** decrcra. 

EXEtTTE; (a) p + ¡H -* ¡He or can wntL* ai ¡H + {H -* - He 

tf neutral alommaise* are u*ed ibeu Ü« rnaaie* oí ihe (wo alorrak electroru on eaeb »de ot Ihe reaction wül 
CftVd. 

Taking tbe atoróle mauca frora Tabk 43,2. thc mno decreaie i* «(¡H)+«j*H)-mjjHc)= 1.007825 u + 

2.014102 u - 3.016029 u= 0*005898 u. Tbeenergy retcased i* the cnergy equivaleat of thu raaaa Recrease; 
(0.005898 uK931.5 MeV/u) = 5.494 MeV 

ib) Jn + lKc-tjHc 

lí neutral belium are u«d Iben Ihe maaaei of the two atorwc electrón* on cacb ik)e of thc reaction equabort 

wül cancel. Tbe maaa deseaste ¡a m(Jn)+m(*H«)-m(jHe)=].006665u+ 3.016029 u -4.002603 u = 

0.022091 il Tbe ener^y releaied k tbe encc$y equivale* of Ibia w decrea»: 
(0.022091 uM931i5fcUVAi) = 20J8McV 

EVAU'AU; Tbe« are importara nuckoiynihe*i* reaerjon*, Jiicmwd ta Secuon 44.7* 

44.38. 3íití*He) - mfO = 7¿0x 10* u. or 7.27 MeV. 

44.39. ¿jN=<m, + — m, — m, loauutmngm, *0. 

Am = 0.0005486 u + 1 .007276 u - 1 .008665 u = -8.40x10"* u 

» £ = (im^ = <-8«Xl0"* uK93 1 5 Me V;u) = -0J83 MeV and i* eodoergic. 

44.40. "«-o =7.69x10-*^ ce 7,16 McV. an eioerpc react»* 

44.41. iDCvrmr and SET VK Thc Wien miq>bceraenl law {Eq 38.30) *y* \7 equab aconstanL Uw&uto relate 

at^ to^j at ÍJ. 
EXEOTTl: * k X=\fi 



EVAUMTt:: Tbe peafc «avelengib »« mucb le** when Ibe 
44.42. (a) The dameouom of ft are cattgy limes lime, rbe dimensión* oí G are energy tirnea time per rna^ guarecí and 

sotbedraemH*» of JhGfc* are 



\tr) l 2ffí3.00xlÜ*rn,*>* I 



lD£vnnr and SK7 ÜPr Fot collidtng bean» Ibe available energy U twice tbe 
ea.peruueot onjy apoclion oribe beam euerjry ia available cnef^y (Bqa.44.9 and 44.10). 
EXECVT1: (a) £ t = 2(7.0 TeV) = 14.0 TcV 

(b)Nced £ t = L4.0TeV=14.0xlO i MeV. Since the taiget and peojecble partxle* aic ixotona Bq. (44.10) 



EViliUn Tbb ihoui ihe weat jdvaiuage «1 colbdinc bu jiq. ai relaüviuic 
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44.45. Itwvnrv and SET UPr Scclioa 44.3 Itfl Ibe Orc^ mlcraction » lOOtimeiu tfrong H Ibe 

Hd thai ihe **ak mleraclion fcl ID 4 üm» a* «rom; a* Ibc «ronu uiLencúun. The Coulomb forcé ll 



EXECUTl: Wf , = *°*^ 
■' (1x10"** m) 1 

ib) ^-ioof,*2xio*n, ^«10^*2x10-* n 
«*^>*.>*— >*1 

(d) ■ lxlü*x^ . f - *100F, *ixio"f¿. f^^lO^F.MXlO 2 */; 

£VAIXATK: Tbe gravity forcé b muefa wcakec tbanany of tbc oCher (bree forcé*, Gravily i» importan* only 
one ver> mawive object b involved. 

44.46. lnEq.(44,9X£ =(m r +m t ,)c 1 t mó w*hM = m p .m = m aod£ =(iw )c 3 +JT. 

r . <ll93NfaV + 497.7McV> 4 -n39.6M^ 
2(938.3 MeV) 

44.47. ln; mj,',: Wilb a staltooary targeL ooly pan oí Che imtial kinetic eoergy oí (be movrog protón U available. 
Morneolum eonarnatiori IcIU ui (bat (berc rau*l be numero nwraeolum aner Che colliwoo. whiefa mean* (bal 
mu*tal*>bekft o\*r ksncüc encrgy. Therefore not all oí Ihe ¡oitial eoergy i» afable. 

SZIVW: lbeavailabkcnergyúpvcn^X £^ = 2mc > {£ v +m^) for EWO pankk» of rcjual nuM wheo ooe i* 

initially tfaüooary. The minimm avaüabie eoergy mu*l be equal lo Che re*t maw eoergie* of (he product*, whkb m 

Üú*ca>eUtwüpro«oo».aK*anda K " , The avallante energy muxi be al lea* ihe sum of Ibe final retí maura. 
ExKtVTE: The mínimum araounl of available eoergy muu be 

^ =2^+*^ +*v =2(938.3 MeV) + 493,7 MeV + 493.7 MeV = 2S64 MeV = 2.8640eV 
Solvió (he aviilable eoergy formula for give* £; = 2« 1 ( £ B + «c 1 ) and 



Recalling tha*£,i*lbc romí eoergy of (he prolon. induding it* res! raa** enerar l- ■ i l - 1 ■ w ha** 

= E. - AW£ = 3432.6 MeV - 938.3 Me V = 2494 MeV = 1494 GeV 
Therefore Ihe tbrwhold kinetic eoergy ü K = 2494 MeV = 2.494 OeV. 

EVAU'AH; Comaderably leu eoergy would be nceded if (he experiment «ere done using colbding beam* of 



44.48. u> H» decay product! muu be ocurra!, so (be only posible combinauooj ve ffW or n?t*Jf~ 
<b) m. t -3m^ =142.3 Me V/c 4 . «i me fcnetic eoergy of (he *° meww u 142.3 MeV. For (he 
JC =(m^ -«^ -jn^ -m^ >c^ = 133.1 MeV. 

44.49. iDEvnrv and Set Uf: Apply coiuervaUon of hora momenlum (o (he collüioa- A pboton bai 



p=A/^.u1bedmctioni(i«travelÍng. The eoergy of a (notan il £ = pc=!^-. AU Ihe mjusof ihe electrón and 

positroQ h vooverted lo Ibe loUl energy of tbc t»x> photoos^ «rcortnng lo E=mc t . Tbe mu» oí u electrón and of 
* poiitroo k m, = 9. 1 1 X HT» kg 

fcXEdTK: <a) ln (he lab trame (he iniual niotncoium of (he *y»lem is xcto t uce (be 
rc^ual tpeedi in oppmiie drrectionx. According lo momeoturn con»erva(too. (he final momenlutn oí (be 
mui( ato be /ero. A photon has momeoturn. vo ibe momeofum of a ungle p botón U oot cero. 
Ib) Fot Ibe lwo pholoru to ba^*e aero total momentxim (bey muvl bave (he same magnitud? of 
Ln oppo*ite directiona. Stnce £= pe. equal p means equal £. 
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le) 2^=2*^ *oE*=m¿* 

p > «^-«^-uí J- * - 6.63x10-** I-I ... 



The*e are parama ray p botón», 

E v Alt" ATE : Tbe total cbar$e of the ckclioo/positroa 
coiucrvcd in tbe partiele- aniipartwte amihilatioo- 

44.50. (a) 11 lbe x~ decayó it mu*l cod m in eleetíoo and neuinnc*. Tbe re*t eoergy of x~ (139.6 Me V) i* shared 
belween ihe eketroa re*t energv (0-511 MeV) and kinetic cnertey (a«umin¿í the neutnao mavse* are ncgligible). So 
Uw energy releawd U 139.6 MeV - 0.51 1 Me V = 139.1 McV. 

(b) CowcMtx» ví moracnlum lead* lo Ihe neutrino* careyin* away moví of Ibc enecgy. 

44.51. J >Tbebar>i*n.ra*eri*0.me JT. 
<b)Tbebaryonrannberb0.lhechar^ 

(cJTbe baryun riurober* ll-l, ihe cbarre U 0, lbe itrangeneu U xcro* all lepton oumber* are 0. and the partiele i* 



IdíHic baryuonumber i*0 t üwcha^t +e # tbe ¿traogene» ik 0. tbe raounk ler*ünnuraber U -1. allotbcr 
Icpfcm w*raber*are0.aod<he partiele ¡i if. 



44.52. Af = 7.6Kl0^^Ag = A= 1Q54xlQ ^ J » =1 J9XIQ-" J =87kcV 

Ai 7.6X10"" % 

A£ 0.087 McV ^ 

^ 3097 MeV 

A (I.OH«]0""J || ,, , _ 



44.54. iDtvnrv and SET UPt *t -* K* + K'. Tbe total tfocTgy relewed ll tbe energy ecjuivalem of Ibe roa 

(■)EX£CtTI; Tbe nuu decrea*c i* «tí K \> - mi k" i lbe encrgy equivalen* of tbe ra»* decrcaie i» 

mc*<#) - «^(K*) -*>c a (K-). iTwiWnuwenetgy me* forlbe * iw*on i* £>eo in Problem 44.53, and the 
valué* for K'and K" are pveo in Table 443. Tbe cnctgy rcJeared tbeo u 1019.4 MeV -2(493.7 McV) = 
32.0 MeV. Tbe K* getibalf (hw. 16X1 McV. 

EVAUMTC: (b) Doe* tbe deeay eWK' + K'+ff* oceur? Tbe cnefgy equivalen! oí ihe K~ + K ~ +.v" ra»* i* 
493 7 MeV + 493.7 MeV + 135.0 MeV = 1122 MeV, Tbia i* ¿realcr Iban lbe energy cojnvalent of Üw f ma**. 
Tbe rnawof lbe o^y product* uould be «valer Iban Ihe max* of lbe rraot partiele; Ihe decay U eociseücally 



<cj Doe* lbe decay *-*K*+*~ oceur? lbe rcaetkm c»-*K* + K" ii observe d K' has «Tangencia >1 and K" 
*irixt£eae:u *1. *o tbe total «Tar^ec*^ of the dí^iy pcodiKtt i* /eco. If stro^eneM UMI be coruterved we 

dedoce Iballbe ^ corticle htu ttiangeoeii ¿ero. t" ha* ülrangenc** 0. so Ihe product K* + x~ ha* ülraogenem 

— L Tbe decay ei-t K* + ^" vx>latei coiwervaboa of Atraogeoc*^. Doc* Ihe decay **-*K*+¿/" oceur? ba% 

iiTJn^eneu 0. so :Y.- decay wouJd alto viólate conkervaüon oT 
4435. (a) Tbe nomber of pruto in a kilounuo U 



i 6.023x10° moleculeíí muí „ i . ^ . , , 



No«e Ihat only (he pr<Hom in lbe hydro^ea atora* are cutoidered a* powibk .*trjrcc+ ol rvoton decay. Tbe energy 
per decay i* = 938.3 MeV = 1.503x10'" J, and *o tbe eoer© depovited in a war. per Ktapam* n 



(6,7X10°))-^^ j(iy)0»xMK*J)=7.0xlO' 4 ay=a70rad 
Ib) For an RBE of unily. lbe eqoivaleoi dove i* (1) (0.70 rad) ■ 0.70 rem. 

locynrv and SET Vn lbe lotal releated energy U Che equivalen! of rbe raau decreaie . U*c coa*ervaaon oT 

linear momeoiuni to relate rbe kinetic cnergjei of lbe óecay particlcs. 

fcXEtVTE; (a) lbe energy eejttivaleni of tbe raaa* decreue t& 

mc*(E') - mc\A 9 ) - oie J ) = 1 32 1 MeV - 1 116 MeV -139.6 McV = 65 MeV 
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tb) Tbc 3~ i* al rc*t mean* thal tbc linear momemain u 
A and x~ rauU havc equaJ Aoá oppoule momeóla: 



-fe* 



Aba tbc of thc kioc<ic eoergies of tbc A* and 
irakulaied in parí (a): 



equal Ibe total tacto energy Jf = 65 McV 



Tl 



65 McV 



= 7.2 McV 



* 1+m , t m . 1 + fl 1 16 MeVVf 1 39.6 McV) 



PT = ff„ - JC . = 65 McV - 7.2 McV = 57.8 McV 



7.2 McV 
65 McV 
57.8 McV 



= 11X 



Tbc foicaon for tbc A b 

Thc focara for tbc i* — 

fcVAiA'ATE; Tbc bghlcr pártale carnea oíT 
beavkf parüde doe«. 

íff „ dRdt HR 



44.57. (i) For model. 



« of Ibc kinede energy thal ll 
//. premirned tobe Ibc «me for aU poinU on tbc 



(d) Ibc cquation — = H t R k a differcota) equalion. rbc 



to *huh. for constan* // , . i* Jífr) = 
R/' \ where A, i» Ibc vahic ol a< / = 0 . Tfc¡* c<iuat¿on n»y be solved by «partfkra of >in«bk^ u 



ÍL± = l|n<*) = tf .aradrntegralrngbotb udc* withrwrwctlo 

<e> A conrtant //., woukl mean a oooilanl criba) decraly. >b¡ch U 

r dR i dr r $J l dr 
44.58. From Probkm 44.57, r=J& = So — = — r — = 

0 4 f } di ir d¡ O di 

1 dR 



dr l dr dr I 1 A , _ __ A _ d 

= = -> v= — =¡ r = /rV. Now — =0= — 

R di EB di r di di \Rdt d& R dt á? di 



: isa 



dR K m (JH , dr? rt „ ] dR 0 K \ „ ^ 
dt 0 \e\ di 9 Rdi Ki0 l 



i» — wbcre TU rbc prt*cni age ol Ibc IBftVBm 
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Ib) . 1 ■ . L.diüun fitf no moaaentum in Che ceoter ol m»^ Irome ü «ift^ + M y u v u =0. wbere 

/ m and y u corre* pond cu che relocttiei found m pul (a). The algebra reduce» lo fi m y m = <A ~ fi)Y%Y»* where 

A = — » fi = -^-i *od cunditioa fue nonel louuraiura betomea *KA~/^ft?» ~M0Ym * <x 

c c 

A ■ „ 

(c> Subvtitution of the abo ve exprewkm rolo Che exprcuionit íor Che velociüei fotrod ra parí <a) pves Ibe rebtively 
iimplefonw = ^ 0 _íí_.v Jf = =— . Afbrr ^ niore algebr* 

r. = , - m ** n Yu = i , " *" fi í"»m «uch *>r. = 4*?+u*+i*my** ™* un 



expresión, muttipbed by c% i* ihe availabk enei gy £ ra (he ceoter oí raw* Irune. w> tbat 
£f^ + Jf' + 2,ntf /o k<=<^ 

(■)£=(^)^ = (m A# >c i -(i^)c i (« x ^=U16MeV -939.6 M*V-l35J3MeV=4L4M*V 

ib) Uttng coareratioo of roomentum and taetic encigy; Wñ know thtt Ibe momeotum of Che n*ulion jad pión 
mu»C nave tbe «me mapiitudc. p % = p 9 . 

ff.=^eV^f^ni^ 

(•V*) 1 + Jt; + 2m # c» JC, = + (i*.**) 1 + AT¡ + 2£»,c J - 2£JC, - 2av* JT C . CoOecüng Ierro we ftmt 
K m Q**/* +2E+ 2m t c 2 ) = £* + 2fi*;t i 

_ i4L4MeVH42(4L4MeV)<939^MeV) .„ gM _ v 
* ~ 2(135.0 MeV) + 2(41.4 MeV) + 2( 939.6 MeV) " 

So Ibe fartkma) ener^y earcwd b> che pión i» lLí¡£ = 0.86. ud ÜuC of Üw neutrón i» 0 .14. 



